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From rhizosphere to symbiotic plant interactions
Masson-Boivin Catherine

INRA BP 52627, 31326 Castanet-Tolosan France

A wide-range of microorganisms of the rhizosphere affect plant growth and development by providing mineral or organic nutrients or by tar-
geting plant cells with active molecules. Best-studied beneficial interactions include the arbuscular mycorrhizal (AM) intreactions, formed bet-
ween the majority of plant species and a small group of plant fungi, and the rhizobium-legume symbiosis. Recent developments in these
interactions will be introduced with special emphasis to the rhizobia-legume symbiosis.
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Plant growth promoting diazotrophs : optimising their role for maximimizing sustainable yields of field crops
Kennedy Ivan1, Kecskés Mihály1, Deaker Rosalind1, Roughley Rodney1, Rose Michael1, Choudhury Abu1, Pereg-Gerk Lily2, Marsh Sally3, Nguyen Hien4,
Phan Cong5, Pham Toan6, Tran Be7

1 University of Sydney Rm 304 Bldg A03 2006 Sydney NSW Australia
2 School of Biological, Biomedical and Molecular Sciences, University of New England
3 Faculty of Natural & Agricultural Sciences, University of Western Australia
4 Hanoi University of Science, Hanoi, Vietnam
5 Institute of Agricultural Science of South Vietnam, HCMC, Vietnam
6 National Institute of Soils and Fertilizers, Hanoi, Vietnam
7 Mekong Delta Development Institute, Cantho University, Vietnam

Statistically significant evidence that benefits from inoculation of field crops with PGPR organisms can be obtained under field conditions
exists. However, PGPRs do not yet provide a technology recognised as so reliable that it justifies their application to crops such as rice and
wheat on a global scale. 
In both laboratory and field work with rice in Vietnam and Australia, we have sought to analyse the factors controlling reliable expression of
these PGPR effects in the field as vectors in a conceptual model known as the yield polygon. This suggests that to provide a reliable tech-
nology, there is a need to analyse the biodiversity available in both microbes and in cereals to enable the selection of superior genotypes of
microbes and cereal cultivars for PGP effects. To achieve this aim we suggest a research strategy to: 
• use bioinformatics to identify and confirm the regions of bacterial genomes responsible for PGP effects; this will enable a process of conti-
nual improved selection of these microbes from the natural biodiversity in the rhizosphere of crop plants,
• based on these results and immunological methods, to develop novel molecular tools for the selection of the best PGPs; these tools can
also be used to confirm the function of PGP effects and also provide quality control for research and for commercial products,
• using proteomics, to identify in plants the main gene products associated with effective PGP microbial activity, allowing the selection of cul-
tivars that can optimise yields. 
Correlating these molecular approaches with measurements of field performance by PGP diazotrophs may be essential to identify opportu-
nities to optimise efficient yields by field crops.

Oral presentationst
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Recent molecular and genomic developments in the actinorhizal symbiosis Casuarina-Frankia
Hocher Valérie, Gherbi Hassen, Svistoonoff Sergio, Estevan Joan, Auguy Florence, Péret Benjamin, Laplaze Laurent, Franche Claudine, Bogusz
Didier

IRD UMR DIA-PC 911 av Agropolis 34394 Montpellier France
Actinorhizal root nodules result from the interaction between the nitrogen-fixing actinomycete Frankia and roots of dicotyledonous plants
belonging to 8 plant families and 25 genera. Our group has concentrated on the molecular study of the plant genes involved in the early
steps of the interaction between Frankia and Casuarina glauca, a tropical tree of the Casuarinaceae family. By comparing the symbiotic pro-
cess involving Frankia to the one involving Rhizobium, we expect a deeper understanding of the common and specific mechanisms leading
to actinorhizal nodules. 
We developed the first genomic platform to study the molecular mechanisms leading to actinorhizal nodule development and functioning.
Our data suggest functional convergence for some nodulating functions in legume/rhizobium and actinorhizal symbiosis. Among the genes
acting in the earliest stages of plant-bacterium recognition is SymRK, encoding a symbiosis receptor kinase which is required for both bac-
terial and fungal symbioses in legumes. We have cloned the C. glauca homologue, called CgSymRK. To study the function of CgSymRK,
we have silenced this gene in C. glauca roots using RNA interference (RNAi). Meanwhile, a gene construct containing the coding sequence
CgSymRK was used to complement a Lotus japonicus symrk knockout mutant after hairy-root transformation. Transgenic roots were tested
for their symbiotic performance upon inoculation with rhizobial bacteria.
Our data have made clear that common plant genes and functions are involved in the rhizobial and actinorhizal symbioses. This, together
with the fact that several data show that common genes are involved in arbuscular mycorrhizal (AM) symbiosis and nodulation, suggest that
all endosymbioses are closely related. The identification, distribution and function of these common genes within the Rosid I clade species
will provide new evolutionary insights in the unique predisposition for symbiotic nitrogen fixation.
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External P availability influences the expression pattern of a P transporter gene in ectomycorrhizal mycelium
as visualized by in situ RT-PCR
Van Aarle Ingrid13, Viennois Gaëlle2, Amenc Laurie3, Tatry Marie Violaine3, Luu Doan2, Plassard Claude3

1 Université catholique de Louvain Unité de microbiologie Place Croix du Sud 3 B-1348 Louvain-la-Neuve Belgium
2 Biochimie et Physiologie Moléculaire des Plantes, UMR 5004 INRA/CNRS/Agro.M/UM II, 2 Place Viala, 34060 Montpellier Cedex 1, France
3 Rhizosphère & Symbiose, UMR 1222 INRA/Agro.M, 2 Place Viala, 34060 Montpellier Cedex 1, France

Our aim was to study the expression pattern of a mycorrhizal fungal specific P transporter gene (HcPT1) in mycelium of Hebeloma cylindros-
porum in response to P availability. We developed a fluorescent in situ RT-PCR protocol that enabled us to visualise expression of HcPT1
in external mycelium of H. cylindrosporum. In situ RT-PCR is a technique that amplifies cDNA sequences in situ, thus allowing the visualisa-
tion of gene expression at lower levels than by using in situ hybridisation.

The fungus Hebeloma cylindrosporum Romagnesi (dikaryotic strain resulting from plasmogamy of two compatible homokaryotic strains) was
grown in liquid culture with either sufficient P (plus P treatment) or without P (no P treatment). In situ expression patterns of HcPT1 were
compared with EF1-alpha, a constitutively expressed housekeeping gene. Overall EF1- alpha and HcPT1 gene expression were consistent
and a high repeatability was shown. 

Enzyme Labelled Fluorescent (ELF) substrate was used to detect gene expression in situ with epi-fluorescence microscopy and to visualise
it at the level of the individual hyphae both in starved and non-starved hyphae. HcPT1 was up-regulated upon P starvation and this was
visualised by a more intense fluorescent signal and by a larger proportion of hyphae that showed expression. Thus, in situ RT-PCR indica-
ted that the level of expression of HcPT1 was not just increased under P starvation, but also that a larger part of the mycelium was involved
in P acquisition. In vitro RT-PCR on HcPT1 in H. cylindrosporum confirmed that the level of gene expression was higher under conditions of
P starvation than under P availability.

In conclusion, the use of the ELF substrate to reveal activity of the alkaline phosphatase-conjugated antibody used in the in situ RT-PCR
technique enabled visualisation of gene expression in individual hyphae. This methodology was used to visualise the response of gene
expression patterns of an ectomycorrhizal fungal P transporter gene within mycelium to external P availability, showing an up-regulation
under P starvation.

O-553

Progress in the study of the composition and functioning of the extraradical mycelium of arbuscular mycorrhi-
zal fungi in the soil
Neumann Elke1, Schmid Barbara2, Ngwene Benard1, George Eckhard1

1 Institute of Vegetable and Ornamental Crops Grossb Plant Nutrition Theodor-Echtermeyer-Weg 1 14979 Grossbeeren Brandenburg Germany
2 Institute of Plant Nutrition (330), Hohenheim University, 70593 Stuttgart

The arbuscular mycorrhiza is one of the most widespread mutualistic symbioses in nature. Although a belowground network of endomycor-
rhizal hyphae is present in almost every terrestrial ecosystem, to date only very little is known about the composition and the functioning of
the extraradical part of the symbiosis in the soil. Difficulties in the extraction of intact samples of the mycorrhizal mycelium from the soil are
a major reason for this lack in knowledge. Recently, a new method employing fungal compartments filled with wet sieved soil and glass-
beads, was developed to overcome this problem (Neumann and George, 2005; Mycorrhiza 15, 533-537). This method was used in several
experiments to compare the composition of the extraradical mycelium of different endomycorrhiza fungal species, and to assess the influence
of environmental factors on extraradical development and functioning of endomycorrhizae. 

A comparison of the extraradical development of Glomus mosseae (GM) and Glomus intraradices (GI) in symbiosis with maize revealed a
more rapid spread of the extraradical mycelium in the soil and a lower number of spores in relation to the amount of hyphae for GM compa-
red with GI. At the same time, GM showed a higher contribution to plant phosphorus uptake and a higher demand for plant carbohydrates
compared with GI.

To investigate the effect of soil moisture on sporulation of GI, sweet potato plants were grown in split root pots with either the whole mycor-
rhizal root system or only a part of the root system exposed to soil dryness. Sporulation was measured as the number of spores per unit
hyphal length. In this experiment, sporulation was increased in response to soil dryness only in the combination treatments, where the plant
had access to water from the moist soil part. When the whole root system grew in dry soil, sporulation was not different from the well wate-
red controls. 

For the first time, we also assessed mineral element concentrations in soil grown extraradical mycorrhiza mycelium in several experiments.
Phosphorus, nitrogen and other macronutrient concentrations were generally either lower or in a similar range with concentrations usually
found in plants. Phosphorus concentrations in the extraradical mycelium appeared to decrease towards the end of the fungal life-cycle.
Copper, manganese and zinc concentrations were up to ten fold higher in fungal tissue compared with concentrations usually found in plants. 
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Nitrogen sink strength of two-year-old Quercus agrifolia, Q. douglasii and Q. garryana seedlings and their ecto-
mycorrhizal morphotypes in a northern California oak woodland
He Xinhua1, Horwath William2, Zasoski Robert2, Southworth Darlene3, Aanderud Zachary2, Bledsoe Caroline2

1 University of Tokyo Asian Natural Environmental Science Center 1-1-8 Midori-cho, NishiTokyo 188-0002 Tokyo Japan
2 Department of Land, Air and Water Resources, University of California, Davis, CA 95616 USA
3 Department of Biology, Southern Oregon University, Ashland, OR 97520 USA

Little information is available for preferential competition for NH4+ or NO3– among oak species and their associated mycorrhizal root tips
(morphotypes). One everygreen coast live oak (Quercus agrifolia) and two deciduous blue oak (Q. douglasii) and white oak (Q. garryana)
were transplanted in spring and cohabited in a California oak woodland. After two year growing in the field, leaves of fifty selected oak seed-
lings were inserted into a small 2 ml vial containing 1.6 ml 1.0% N as either (NH4)2SO4 (54 atom % 15N) or KNO3 (57 atom % 15N) and sam-
pled after 9 days 15N labeling. Ectomycorrhizal and arbuscular mycorrhizal colonization was ~75% and ~15% in oak roots, respectively.
Biomass production of live oak was double that of blue and white oak. White oak had significant greater total N content than live oak, and
the latter than blue oak. In contrast, total 15N accumulation (3.5mg/plant) was similar between blue and live oak, whilst the greatest total 15N
accumulation (5.7mg/plant) was still in white oak, irrespective of 15NH4+ or 15NO3– supplied. In general, 45–50% of labeled 15N was remained
in blue and live oak seedlings, while around 60% in white oak seedlings. Oak seedlings formed five common ectomycorrhizal morphotypes
on root tips. 15N was more enriched in mycorrhizal tips than in fine roots. 15N transfer was greater to the less common morphotypes than to
the more common morphotypes. 15N transfer from leaves to oak roots was greater when 15NO3–, not 15NH4+, was supplied. 15N transfer to
roots was greater in live oak than in blue and white oak. The above results suggest that different oak species has distinctive N accumulation
strategies. More important, differential N transfer to ectomycorrhizal root tips suggests that ectomycorrhizal morphotypes can influence flows
of N from leaves to roots, and that mycorrhizal diversity may influence the total N requirement of plants.
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Leguminosae-nodulating bacteria from soils under different land use systems in western Amazon by using pro-
miscuous trap species
Moreira Fatima, Jesus Ederson, Nóbrega Rafaela, Lima Adriana, Barberi Alexandre, Neves Amanda, Silva Krisle, Florentino Ligiane, Cassetari Alice,
Silva Michele, Rufini Márcia, Ferreira Paulo, Pereira João, Guimarães Ana, Ferreira Daniel

Universidade Federal de Lavras Ciência do Solo Caixa Postal 3037 37200-000 Lavras Minas Gerais Brazil
Diversity and density of Leguminosae species are quite significant in Amazon region. Hence, this vast region presents a great potential as a
source of new species and strains of Leguminosae nodulaling bacteria (LNB) to be explored, as well as, their relationships with the luxurious
vegetation and soil attributes. Composed soil samples were collected from ninety eight sampling points (SP) in an area of about 54 ha com-
prising the representative amazonian land use systems (LUS): forest, young secondary forest, old secondary forest, agroforestry, crops and
pasture, in the Upper Solimões River basin, Amazonas State. Inoculants were never used in this area. Three different promiscuous species
were used as trap hosts of soil nodulating bacterial populations occurring in each SP: siratro (Macroptilium atropurpureum), common bean
(Phaseolus vulgaris) and cowpea (Vigna unguiculata). Siratro was nodulated with soil LNB populations from all sampling points, which did
not happen for cowpea and common beans. The use of the three trap species together allowed a better assessment of LNB diversity. Three
thousand eight hundred and thirty isolates were obtained from these populations. The diversity estimations obtained by cultural characteri-
zation were similar to those obtained by total protein profiling (SDS-PAGE). Fast growing isolates with the ability to acidify the culture medium
were the most frequent cultural types found for all legume species used as trap-hosts, mainly for common beans. 16S rDNA sequencing of
isolates revealed that bacterial species captured by the three species are phylogenetically close to species belonging to all known LNB
genera and to other genera unusual as LNB. Multivariate analysis showed soil chemical and physical attributes were only weakly correlated
with the occurrence, density and efficiency of the LNB populations which are significantly affected by the LUS. However these effects varied
according to the trap species and the diversity index used. A wide range of nitrogen fixation efficiency was observed among the isolates of
the diverse populations captured by the three species. Although the highest percentage of isolates of all trap species had been inefficient,
highly efficient isolates, which have potential to be included in future selection of inoculant strains, were identified for all of the plant species
tested.
www.biosbrasil.ufla.br; GEF/UNEP (project CSM-BGBD: GF2715-02)/TSBF/CIAT (http://www.bgbd.net/); CNPq, CAPES, FAPEMIG. 
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Azospirillum brasilense exopolysaccharide production
Valverde Angel, Castro-Sowinski Susana, Lerner Anat, Fibach Sharon, Matan Ofra, Burdman Saul, Okon Yaacov

Hebrew University of Jerusalem Plant Pathology and Microbiology POBox 12 76100 Rehovot Israel
Cell aggregation in different Azospirillum brasilense strains depends on both the major outer membrane protein and the concentration and
composition of the exopolysaccharide (EPS). The monomer composition of the A. brasilense (EPS) varies during the growth phase. Cell
aggregation is likely dependent on an arabinose-rich EPS. A mutant strain defective in lipopolysaccharide (LPS) production produced a glu-
cose-rich EPS and showed no aggregation. The response regulatory gene flcA controls the cell differentiation process of A. brasilense. Strain
Sp72002, a Tn5-induced flcA mutant, does not aggregate. Using a cDNA-AFLP approach, differentially expressed genes whose expression
could be modulated by flcA were identified. Eighty one transcript-derived fragments (TDFs) were detected showing differential expression
between strains Sp7 and Sp72002 during the exponential growth phase in an aggregation-inducing medium. The fragments were sequen-
ced and analyzed. Among them were genes homologous to nodQ, involved in sulfation; narK, involved in nitrite/nitrate transport; flp, invol-
ved in autoaggregation; and genes encoding a biopolymer transport protein, and the signal recognition particle (SRP). This study demons-
trates the usefulness of the cDNA-AFLP approach to reveal genes that are differentially expressed during aggregation in A. brasilense, and
provides new insights into the aggregation process of this bacterium. The above-mentioned genes as well as others involved in EPS and
LPS biosynthesis; for example noeJ, coding for mannose isomerase; noeL, for GDP-mannose 4,6 dehydratase, and glgP, for glycogen phos-
phorylase, are being characterized by mutagenesis and phenotypic analysis including glycosyl composition and structure of EPS, cell aggre-
gation, survival under environmental stresses, cell morphology (SEM, TEM), adsorption of cells to roots and root colonization, plant growth
promotion, nitrogen fixation, carotenoid pigments and polyhydroxyalkanoates (PHA's) production.

O-389

Effect of the biocontrol compound 2,4-diacetylphloroglucinol produced by fluorescent Pseudomonas on
Azospirillum PGPR
Prigent-Combaret Claire, Couillerot Olivier, Pothier Joël F., Poirier Marie-Andrée, Challita Elita, Moënne-Loccoz Yvan

UMR CNRS 5557 Microbial Ecology University Lyon 1 43 bd du 11 novembre 1918 69622 Villeurbanne France
Azospirillum are phytostimulatory bacteria extensively used to promote the growth of important crops. Once inoculated to plant, the survival
of Azospirillum in the rhizosphere and their ability to efficiently colonize host plant roots may depend on competitive and antagonistic inter-
actions with antibiotic-producing rhizobacteria. Production of antibiotics by rhizosphere bacteria has been extensively documented in the
case of 2,4-diacetylphloroglucinol (Phl), a biocontrol compound synthesized by a diverse range of fluorescent Pseudomonas strains. This
phloroglucinol displays antibacterial properties against a broad variety of bacterial pathogens, but the possible impact of Phl and Phl+
Pseudomonas on Azospirillum PGPR has not been investigated. Here, the effects of synthetic Phl and of Phl-producing Pseudomonas pro-
tegens CHA0 and Pseudomonas fluorescens F113 were negative on the growth of a collection of Azospirillum strains belonging to several
species and isolated from diverse plant rhizospheres. The extent of growth inhibition of Azospirillum spp. by synthetic Phl depends on the
species they belong to. Both Pseudomonas strains inhibit Azospirillum spp. on growth media, whereas their Phl-negative biosynthetic
mutants displayed a lower inhibitory activity. Under in vivo conditions, P. protegens CHA0 and its Phl- mutant negatively influenced the fate
of Azospirillum strains in wheat or rice rhizospheres. Negative effects could differ according to the Azospirillum strain x plant species combi-
nation tested. These results suggest that the phytostimulatory activity of Azospirillum PGPR may be reduced by the presence of Phl-produ-
cing Pseudomonas, but inhibitory effects were not all due to Phl-production ability.
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Interactions between root endophytes and plants: impact on plant development and health
Franken Philipp, Andrade Diana, Druege Uwe, Fakhro Achmad, Grosch Rita, Hennig Frank, Kofoet Andreas, Schwarz Dietmar, Waschke Astrid,
Zeuske Dorit

Institute of Vegetable and Ornamental Crops Plant Nutrition Theodor-Echtermeyer-Weg 1 D-14979 Grossbeeren Germany
Most plant roots in natural ecosystems are colonised by fungi, which do not cause any disease symptoms. Detailed analyses, however, show
that such endophytes influence different aspects of plant development and health. Root-fungal symbioses are therefore not only an interes-
ting subject for basic research, but could be also used in sustainable plant production systems. Different projects which are aimed to the
identification and the screening for potential use of root endophytes, as well as to the understanding of these interactions will be presented.
A survey of tomato plants from different field sites in Columbia resulted in the isolation of 51 root endophytes, whereof 14 were selected for
a detailed analysis. Morphological and molecular investigations showed that they belong to different taxonomic groups of the Ascomycota.
Inoculation experiments revealed that they differentially influence various parameters of plant development. Current analyses are aimed to
estimate their potential for inducing resistance reactions against tomato pathogenic fungi.
Piriformospora indica (Sebacinales, Basidiomycota) is a root endophyte with a broad host spectrum. Data will be presented of the impact on
flower development in ornamentals and on adventitious root formation in cuttings in order to demonstrate the potential use in horticulture. As
it has been previously shown, P. indica colonisation of roots induces resistance of leaves against fungal pathogens. However, the influence
on virus spread in tomato shoots is different and gene expression analyses are being carried out in order to identify the genes involved in
this phenomenon.
Plants colonised by arbuscular mycorrhizal fungi are more resistant against root pathogens than the corresponding controls. The tripartite
interaction Medicago truncatula – Glomus mosseae – Aphanomyces euteiches has been established for understanding the underlying pro-
cesses. Screening of a 16k microarray of M. truncatula suggested that particular plant hormones are involved. Further gene expression stu-
dies and mutant analyses are conducted in order to proof this hypothesis.

O-990

Mycorrhizosphere: a control room for invasiveness by alien plants.
Mana Manzoor, Zafar Zafar

University of Kashmir P.G Department of Botany Srinagar, J&K, India 190006 Srinagar Jammu & Kashmir India
Many recent studies have established the controlling influence of rhizosphere biota, especially, arbuscular mycorrhizas, on the initial coloni-
zation and further spread by alien invasive plants in their introduced range. Using case study of Anthemis cotula L., a worst alien invader in
Kashmir Himalayan valley of India, the present investigation evaluated the influence of resident vs. foreign arbuscular mycorrhizal fungi
(AMF) on its growth and fitness attributes without and in competition with Daucus carota L. (Apiaceae). The results clearly revealed a more
positive impact on growth (plant height, number of branches, biomass) and fitness (number of capitula and achenes) attributes of A. cotula
by resident AMF in its introduced range than foreign AMF, both under competitive and non-competitive conditions. The inference that from
native to invaded range of A. cotula, mycorrhizal association turns from parasitic to mutualistic needs further examination. Highlighting the
usefulness of belowground rhizospheric control in prediction and management of aboveground plant invasions, the study calls for further
research on basic aspects of plant-AMF interaction to unravel the subtle implications thereof.
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Facilitated colonisation or biocontrol: fungus-specificity by a mycorrhiza helper bacterium against the phyto-
pathogen Heterobasidion annosum
Lehr Nina-Alexandra1, Adomas Aleksandra2, Asiegbu Frederick2, Hampp Rüdiger1, Tarkka Mika1

1 University of Tübingen, Faculty of Biology, Institute of Botany, Auf der Morgenstelle 1, D-72076 Tuebingen, Germany 
2 Department of Forest Mycology and Pathology, Swedish University of Agricultural Sciences, Uppsala, Sweden

The establishment of mycorrhizal symbiosis can be positively influenced by certain
bacterial isolates, an effect exhibited by Mycorrhiza Helper Bacteria (MHB). It has been proposed that MHB could be used in nurseries to
promote controlled mycorrhization of seedlings and to prevent the attacks by phytopathogens [1]. The MHB Streptomyces sp. AcH 505 pro-
duces two substances that play a positive role in mycorrhiza establishment: the secondary metabolite auxofuran that promotes mycelial
growth [2] and volatiles that facilitate plant colonisation [3]. However, as the bacterium promotes the growth of some fungal strains in co-cul-
ture, other strains are inhibited. This is due to the antifungal agent WS-5995 B [2]. We have studied the specificity of AcH 505-fungus inter-
action with the phytopathogen Heterobasidion spp. Whereas most tested Heterobasidion strains were inhibited by the bacterium and 25 µM
WS-5995 B, the fungal isolate Heterobasidion abietinum 331 was neither suppressed by 25 µM WS 5995 B nor in dual culture with AcH 505 [3]. 
We have previously detected, that the application of WS-5995 B induces a cell stress 
related gene expression response in the symbiotic fungus Amanita muscaria [4]. To 
investigate the reasons for tolerance against WS-5995 B in Heterobasidion abietinum 331, we have performed macroarray and qRT-PCR
analyses in tolerant and resistant 
Heterobasidion strains.
[1] Barea JM et al., 1998. Appl Environ Microbiol. 64:2304-2307.
[2] Riedlinger et al., 2006. Appl Environ Microbiol. 72:3550-3557.
[3] Lehr et al., 2007. New Phytol. in press.
[4] Schrey SD et al., 2005. New Phytol. 168:205-216.

O-946

Ethylene-mediated interactions between plants and bacteria by rhizobitoxine and 1-aminocyclopropane-1-car-
boxylate deaminase
Minamisawa Kiwamu1, Sugawara Masayuki1, Okazaki Shin1, Nukui Noriyuki1, Nonaka Satoko2, Ezura Hiroshi2, Eda Shima1, Mitsui Hisayuki1

1 Tohoku University Graduate School of Life Sciences Katahira, Aoba-ku 980-8577 Sendai Miyagi Japan
2 Gene Research Center, Tsukuba University, Ten-nodai, Tsukuba, 305-8572 Japan

Ethylene is a gaseous plant hormone that is produced and sensed by plants in response to a wide variety of environmental and develop-
mental cues such as germination, root formation, pathogen attack and rhizobial nodulation. Plant-associated bacteria have two different stra-
tegies for lowering ethylene biosynthesis in plants: inhibitor production and intermediate degradation for ethylene biosynthesis [1].
Bradyrhizobium elkanii produces rhizobitoxine, an enol-ether amino, which strongly inhibits ACC (1-aminocyclopropane-1-carboxylate)
during ethylene biosynthesis in plants [1]. Rhizobitoxine production in B. elkanii reduces ethylene evolution from the associated legume roots
and enhances nodule formation [1]. B. elkanii rtxACDEFG genes was organized as a transcriptional unit [2]. The rtxAC genes were essential
for rhizobitoxine biosynthesis [1].
A legume, Lotus japonicus, with a mutated ethylene receptor gene produced markedly higher numbers of rhizobial infection threads and
nodule primordial [3]. Thus, endogenous ethylene in roots negatively regulates the formation of nodule primordia, which is overcome by rhi-
zobitoxine. The published genome sequences suggest that Xanthomonas sp. and Burkholderia sp. possess a putative rtx transposon on the
genomes [1]. 
Plant growth-promoting rhizobacteria (PGPR) such as Enterobacter cloacae have ACC deaminase, which degrades ACC, a ethylene pre-
cursor. ACC deaminase gene (acdS) in Mesorhizobium loti was highly expressed in symbiosis [4]. Indeed, the ACC deaminase was verified
to enhance nodulation and competitiveness to host legume by using a acdS mutant [4]. M. loti acdS gene was positively regulated by NifA2
along with nifH [5]. This mode suggests the participation of M. loti acdS in the establishment of mature nodules. 
From bacterial genome sequences, we found genes homologous to rtxAC and acdS, and want to discuss their significance of ethylene-
mediated interactions in plant-associated bacteria.
References
[1] Sugawara et al. Biotechnology Advances. 24:382-388 (2006)
[2] Sugawara et al. FEMS Microbiol. Lett. 269:29-35 (2007)
[3] Nukui et al. Plant Cell Physiol. 45:427-435 (2004)
[4] Uchiumi et al. J. Bacteriol. 186:2439-2448 (2004)
[5] Nukui et al. Appl. Environ. Microbiol. 72:4964-4969 (2006)
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Identification and functional analysis of Pseudomonas fluorescens f113 genes involved in phosphate solubili-
sation and mineralisation
Miller Simon, Rice Olivia, Browne Patrick, Higgins Pat, Morrissey John, O'Gara Fergal
Biomerit Research Centre Microbiology University College Cork n/a Cork County Cork Ireland
Phosphate is the second most limiting nutrient for plant growth after nitrogen and even though there is abundant total phosphate present in
most agricultural soils it is predominantly in forms that are unable to be utilised by plants, including insoluble inorganic phosphate precipita-
tes and organic phosphate forms such as soil phytate.
Soil bacteria and fungi, predominantly Pseudomonas, Bacillus, and Aspergillus spp., have the ability to solubilise inorganic phosphate pre-
cipitates and mineralise organic phosphate into bioavailable forms for uptake by plants. This is achieved by the microbial production of orga-
nic acids, phosphatases and phytases. The mechanisms involved in phosphate solubilisation and mineralization ability in Pseudomonas spp.
and their regulation are poorly understood and expression of these abilities in the laboratory is expected to differ greatly to that in the rhizos-
phere.
We have undertaken two approaches to identify the mechanisms involved in inorganic phosphate solubilisation and organic phosphate mine-
ralisation activity in the model biocontrol strain P. fluorescens F113. 1) The genes predicted to code for proteins involved in organic acid pro-
duction (glucose/gluconate dehydrogenases and gluconate/2-ketogluconate utilization) and organic phosphate mineralisation (members of
the Pho regulon, phosphatases and phytases) were targeted for mutagenesis. 2) A transposon mutant library of F113 was screened for phos-
phate solubilisation/mineralisation mutants. Furthermore, the regulation of these genes in response to various soil environmental conditions
and rhizosphere components such as root exudates was analysed by creating transcription fusions to lacZ. In situ expression of these genes
during root colonisation was analysed using transcriptional fusions with autofluorescent proteins. The use of phosphate regulated gene pro-
moters as biosensors for the presence of bioavailable phosphate was investigated.
Knowledge of the genes identified as important in phosphate solubilisation and mineralisation will be used to screen for their prevalence in
bacterial isolates from the rhizosphere of wheat and bulk soil exposed to two agricultural regimes, high-input (conventional quantities of addi-
tives) and low-input (no added phosphate, 20% less nitrogen and 50% less fungicide for the past 10 years) in order to determine if either
regime is selective for phosphate solubilisation/mineralisation ability.

O-787
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Effects of biofertilizer (Azotobacter & Azospirillum) and urea on oil and fatty acids composition of sunflower
under water deficit stress
Jalilian Jalal, Modarres Sanavy Seyed Ali Mohammad , Asgharzadeh Ahmad 

Tarbiat Modares University Agronomy Nasr Bridge, Jallal Al-Ahmad Highway, Tehran, Iran 14115-336 Tehran Tehran Iran
Biofertilizer has been identified as an alternative to chemical fertilizer to increase soil fertility and crop production in sustainable farming. An
experiment was conducted during 2006 growing seasons at the Eslam Abad-Gharb Agricultural Research Station, Kermanshah province,
Iran. The experimental design was split plot laid out in RCB with three replications. The treatments were three levels of irrigation [irrigation
at 85% field capacity (I1), irrigation at 70% field capacity (I2) and irrigation at 55% field capacity (I3) in the main plot] and six levels of fertili-
zer [control (C), nitrogen recommended (N), Azotobacter chroccocum & Azospirillum lipoferum (AA), AA+100%N recommended (AA100),
AA+75%N recommended (AA75) and AA+50% N recommended (AA50) in sub plot]. Recommended urea fertilizer was 125 kg N/ha in base
of soil test. Urea fertilizer was applied in two times ( at planting time and at 5-6 leaf stage). After seed harvest, percent of seed oil was mea-
sured and fatty acids composition of oil were determined by gas chromatography (GC). Five different fatty acids included palmitic (7.84 %),
stearic (3.04 %), oleic (27.25 %) linoleic (61.72 %) and linlolenic (0.1%) were consisted of about 99.95 % of total fatty acids on the average.
Results showed that there were a significant interaction among stress and fertilizer treatments for oil and fatty acids percent. The highest
(49%) and the lowest (43.83%) oil were observed in I1N and I3N treatments respectively. Combination treatments of I3C increased palmitic
acid (9.45) in seeds and the highest stearic acid (4.55) was observed in I3AA100 treatment. The lowest percent of palmitic (6.22) and stea-
ric (2.23) were obtained from I1AA treatment. I1AA50 and I1C treatments significantly increased oleic acids (29.04) and linoleic acid (66.02)
respectively, whereas oleic (24.88) and linoleic acid (59.74) decreased in I3AA100 and I3AA75 treatments respectively. The highest (0.33%)
and the lowest (0.02%) of linolenic acid were observed in I1N and I2AA50 treatments respectively. As a whole, drought stress strikingly
decreased oil percent and oleic, linoleic and linolenic acid percent but increased palmitic and stearic acid in seeds. The application of bio-
fertilizer with urea significantly increased the oil, palmitic, stearic and oleic acid percent.

P-601

Studying of salinity effect on Rhizobium symbiosis with alfalfa cultivars in hydroponics condition
Yarnia Mehrdad, Rahimzade Khoii Farrokh, Khorshidi Mohammad

Islamic Azad Univ. Tabriz Branch Agronomy Faculty of Agriculture, Islamic Azad Univ. Tabriz 1655 Tabriz Iran
Nitrogen as fixed or mineral N in soil is one of the most important elements for legumes. Rhizobiums are prokaryotes symbiosis bacteria that
fixed N in root nodes and providing most of plant N needs. N2 reduced in nodules to ammonium. Salinity stress affect on this phenomena.
Therefore, an experiment with three replicates in RCBD base factorial design conducted to evaluate salinity effect on four alfalfa cultivars' N
Rhizobium fixation by nodules. Golestan20313, Sistan, FAO2566 and Hamedani-Ahar in five salinity levels (control, 50, 100, 150, and 200
mM NaCl) in Hoagland nutrient medium with YMA Rhizobium multiplication studied. After 30 days number of active nodules (purple colored
nodules) calculated and nodules' RWC's was determined in different salinity levels. Results showed that there were significant differences
among cultivars, salinity levels and their interactions on measured attributes. Increasing salinity decreased nodules RWC significantly.
Cultivars response to nodules RWC was different. Hamedani-Ahar had highest RWC in control (98%) but in 200mM its RWC reached to
88.5%. FAO2566, Sistan, and Golestan20313, showed 8%, 3.7% and 2.5% decrease in RWC in 200mM in compare to control, respectively.
Decreasing RWC in nodules cortex led to O2 penetration prohibition and disturbances in respiration. This led to decreasing ATP supply from
phosphor-oxidation for N reduction. Plants that have higher photosynthesis have higher elements exchange. The highest nodule number in
200mM belonged to FAO2566 (35.73) and the least nodule belonged to Hamedani-Ahar with 16.73 per plant. Highest decrease in nodule
number was in FAO2566 and the least in Siatan.

Poster presentationst
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Investigation of characteristics related to root under effect of mycorrhizal fungus different strains in Alfalfa
(Medicago sativa L.).
Rezvani Mohammad1, Ardakani Mohammad Reza2, Rejali Farhad3, Noormohammadi Ghorban4, Zaefarian Faezeh5, Teymoori Saadollah2

1 Islamic Azad University-Ghaemshahr Branch Agronomy and Plant Breeding Basij Ave. Ghaemshahr Islamic Azad University 163 Ghaemshahr
Mazandaran Iran
2 Agricultural, Medical and Research School.
3 Soil and Water Research Institute
4 Azad Islamic University Science and Technology Branch
5 Agronomy Department, College of Agriculture, Tarbiat Modarres University

Rhizosphere study is important in sustainable crop production. Mycorrhizal fungus are one of the most important microorganisms in rhizos-
phere, that through symbiosis with plant roots has key function in sustainability of agroecosystems rhizosphere . In order to investigate the
effect of different strains of mycorrhizae on alfalfa root traits, a pot experiment with five treatments [Glomus mosseae, G. etanicatum, G. intra-
radices, combination of some strains (G. mosseae, Gigarpora hartiga, G. fasciculatum) and control] and four replications was conducted.
After harvesting of shoot, we washed the roots with tap water. Root traits such as root dry matter, root length, mycorrhizal colonization (with
grid line intersect method), total dry weight of mycorrhizal root and root length : root dry weight ratio were measured. Analysis of variance
results indicated that different strains had significant effect on colonization index, so that, G. mosseae and G. etanicatum had the most
amount of colonization (48.5 %) (á=0.05). Also, mycorrhizal strains had significant effect on total dry weight of mycorrhizal roots, but had no
effect on root dry matter and root length. Duncan’s test showed that G. mosseae strain produced highest root dry weight (31.83 g) (á=0.05).
Results indicated that root length : root dry weight ratio had positive correlation with root length, and negative correlation with total dry weight
of mycorrhizal roots and colonization index.

P-546
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Selection of highly competitive Sinorhizobium meliloti strains for root colonization and nodulation of alfalfa in
degraded soils
Fernandez-Lopez Manuel, Lopez-Contreras Jose Antonio, Toro Nicolas

Estacion Experimental del Zaidin, CSIC Soil Microbiology calle Prof. Albareda 1 E-18008 Granada Granada Spain
Salinization of agricultural soils is a major abiotic factor limiting yields of typical mediterranean crops. Integrated management of both, salt-
tolerant cultivars and beneficial root-associated bacteria is one of the possibilities to improve crop yields under this abiotic stress. In this
context, the rhizobia-legume symbiosis is an experimental model system for the study of the biology of beneficial plant-microbe interactions
because of its agronomic and ecological relevance. Such approach is being used for restoration of degraded soils in the region of the Aral
Sea. A collection of the legume-symbiotic bacteria, Sinorhizobium meliloti, isolated from this region [1] was analyzed in our laboratory in order
to select highly competitive microorganisms that, at the same time, could increase the yield of alfalfa crops.
These strains were first characterized by fingerprinting profiling with the insertion sequence ISRm2011-2 and the group II intron RmInt1. After
a mixed inoculation of 40 bacterial strains on alfalfa plants growing at 0, 25, 50 and 100 mM NaCl, we isolated the first nodules appearing
at each salt concentration. Nodules were surface sterilized and the symbiotic bacteria were identified according to its IS fingerprint, resulting
in the selection of strains AK17, AK21, AK27 and AK100. The symbiotic performance of the isolates was tested by assays of adsorption to
the alfalfa rootlets 5 h after inoculation of bacteria on nutrient solution at 0, 50 and 100 mM NaCl; and colonization was assayed in the same
plants 15 h after adsorption. Nodulation kinetics at different salt concentrations (0 and 50 mM NaCl) in nitrogen-free solution were also per-
formed during 35 days after bacterial inoculation. The fresh weight of shoots and roots was determined. In all the experiments, the bacterial
inoculants were growth on TY minus and plus 50 mM NaCl. These results allowed us to select the more competitive isolate for alfalfa root
adsorption, colonization and nodulation, as well as efficient in the symbiotic interaction.
[1] Ibragimova et al. 2006. Microbiology 75 (1): 77-81

P-473

Soybean shoot systemically regulates arbuscular mycorrhizal colonization as well as rhizobial nodulation
Sakamoto Kazunori, Tsukui Maki, Nohara Yoshihisa

Chiba University Faculty of Horticulture Matsudo 648 271-8510 Matsudo Chiba Japan
Roots of soybean (Glycine max (L.) Mirr.) establish symbiosis with rhizobia and arbuscular mycorrhizal (AM) fungi. Rhizobia secrete Nod fac-
tors and induce nodule formation. The existing nodules systemically suppress subsequent nodulation in other parts of the root, a phenome-
non termed autoregulation. Split-root and grafting experiments revealed that some forms of autoregulation are systemically regulated by the
shoot. Recently, the NTS1 gene involved in the autoregulation has been found from soybean. In this study, we examined AM colonization in
the roots of hyper-nodulating soybean mutants, which are defective in the autoregulation, to elucidate the involvement of autoregulation sys-
tem for AM colonization.
Expt 1. AM colonization in the roots of hyper-nodulating soybean mutants inoculated with two AM fungi.
Five hyper-nodulating soybean mutants were examined for AM colonization in the presence of either G. etunicatum or Gi. margarita. The
mutants showed variation in colonization parameters. The En6500 and Nod 1-3 had higher intensities of AM colonization with 2.5-4.5 times
higher arbuscular abundance than the respective wild types. The enhanced AM colonization resulted in significant enhancement of P uptake
by En6500 and Nod 1-3.
Expt 2. Systemic regulation of soybean shoot for the arbuscule formation of AM fungi in the root. 
Ten-day-old seedlings of soybean cv. Enrei and its hyper-nodulating mutant, En6500, were cut at the hypocotyls and the shoots were graf-
ted to self or reciprocal roots. Grafted seedlings were inoculated with B. japonicum and Gi. rosea and grown in a glass house. The grafts
were harvested and determined their development of AM colonization. The arbuscule abundance of En6500/En6500 graft was 1.5 times
higher than that of WT/WT graft. In grafts between WT and En6500, an increased arbuscule abundance was expressed only when En6500
was used as the shoot. The arbuscule abundance of WT/En6500 graft was comparable to that of WT/WT.
In this study, we found that arbuscule formation of AM fungi was significantly high in hyper-nodulating soybean mutant compared with the
wild type. In addition, reciprocal grafting experiment demonstrated that the shoot of soybean systemically contributes to the suppression of
arbuscule formation of AM fungi in the root. Based on the results obtained, we conclude that the autoregulation system of soybean regula-
tes AM colonization as well as rhizobial nodulation.

P-588
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The effect of Glomus intraradices on the wheat root colonization of Pseudomonas putida
Javadi Esfehani Yalda1, Ghorbani Shirin1, Khavazi Kazem2, Gharavi Sara1

1 Alzahra University Microbiology Vanak,Tehran,Iran 1993891176 Tehran Tehran Iran
2 Department of Microbiology, Soil and Water Research Institute,North Karegar Avenue,Tehran,Iran P.O. Box 14155-6185

Arbuscular mycorrhiza (AM) fungi are obligate endosymbionts of many plant species and live on carbohydrates obtained from the root cells.
They alter root exudation considerably and are therefore expected to influence rhizosphere populations directly or indirectly as well. This is
the so-called ‘mycorrhizosphere effect’.This study assessed the effect of Glomus intraradices on the wheat root colonization of Pseudomonas
putida. At first a mutant that produced less amount of auxin was derived from the bacterial strain by chemical mutagenesis with EMS (ethyl
methane sulfonate).Next both the wild-type strain and the mutant strain were labeled with gusA for a better detection on the roots. Finally an
experiment with 4 treatments and 10 replicates was conducted as follows: 1.Inoculation with the wild-type bacterial strain 2.Inoculation with
the mutant bacterial strain 3.Inoculation with the wild-type bacterial strain and Glomus intraradices 4.Inoculation with the mutant bacterial
strain and Glomus intraradices. The population densities of the labeled bacterial strains in rhizoplane and endorhizosphere were detected
on selective plates. The results were as follows: In treatment with the wild-type bacterial strain 2.5 ̆ 106 CFU/g in the rhizoplane and 104 CFU/g
in the endorhizosphere were observed.In the treatment with the mutant bacterial strain 107 CFU/g in the rhizoplane and 1.75 ˘104 CFU/g in
the endorhizosphere were detected.In the treatment with the wild-type bacterial strain and Glomus intraradices 2.3 ˘106 CFU/g in the rhizo-
plane and 3.38 ˘105 CFU/g were observed.In the treatment with the mutant bacterial strain and Glomus intraradices 2.6 ˘106 CFU/g in the
rhizoplane and 1.2 ˘104 CFU/g in the endorhizosphere were detected. The results demonstrate that Glomus intraradices had no significant
effect on the colonization of the wild-type strain in the rhizoplane but increased its population density in the endorhizosphere. As for the
mutant strain, Glomus intraradices had no significant effect on the population densities neither in the rhizoplane nor in the
endorhizosphere.This could result from the effect auxin has on development of the root system and improving root elongation, therefore
making it more possible for the mycorrhizal hypha to penetrate the root system and help the bacteria to colonize better in the endorhizos-
phere. 

P-482

P-372 Symbiotic status of Acacia decurrens (Wendl) introduced into the area of El-Kala (Algerian North-east) and bio-
diversity of Glomales of its rhizosphere.
Beddiar Arifa, Chaabna Sihem, Dahmane Mounia, Amel Meddad-Hamza
Laboratoire de Biologie Végétale et Environnement Dept. de Biologie, Université Badji Mokhtar Cité des Orangers, Bt. 19, N° 149 23000
Annaba Annaba Algeria
Acacia decurrens (Wendl) is an introduced tree and extremely multiplied in Algeria. It is an ornamental tree of public parks but also, it can
be planted in mixture with other species (Eucalyptus for example) for purpose of afforestation as it is the case of the plantations of the area
of El-Kala (Algerian Nort-east). 
This paper aims to present the symbiotic status of this tree and the biodiversity of the Glomales present in its rhizosphere. 
The observation of the root system of the tree shows a very significant nodulation and colonization by an intra and intercellular typical endo-
mycorrhizal mycelium with arbuscules; however, the ectomycorrhizal infection is completely lacking. 
The extraction, by wet sieving , of the spores of Glomalian fungi present in the rhizosphere of Acacia decurrens enabled us to describe more
than 15 different morphotypes belonging to the Glomus, Entrophospora, Gigaspora and Acaulospora genus with a prevalence of the Glomus
genera. In addition, the study of the infectious potential of this soil revealed the occurrence of at least 1000 infective propagules per kg of
soil.
Acacia decurrens (Wendl), although introduced in the Algerian North-East soils found the fungal and rhizobial microsymbionts which are able
to colonize its root system. The absence of ectomycorrhizal infection is due probably to a problem of specificity. 

P-654 Influence of arbuscular mycorrhizal fungi, and rhizobium strains inoculation on the growth, mineral nutrition
and water use efficiency of Medicago arborea
Amenzou Noureddine1, Ismaili Mohammed2, Marah Hamid1, Ibijbijen Jamal2

1 Centre National de l'Energie des Sciences et Techn Departement Applications aux Sciences de la Terre B.P 1382 R.P 10001 Rabat, Morocco
2 Faculté des Sciences Meknès, Morocco

Medicago arborea can be used for re-vegetation purposes under semi-arid conditions. These woody legumes have the ability to form an
association with arbuscular mycorrhizal and rhizobial bacteria. In this study, we report results from inoculation by the two Rhizobium strains
and three endomycorrhizal Glomus species (Glomus clarum, G. mosseae, G. intraradices). The experimentation was conducted under
greenhouse for 4 months. Different parameters of growth, nodulation and mineral nutrition were evaluated. The water use efficiency (WUE)
was evaluated by isotope carbon discrimination. 

In spite of the loss of colonization rate the dual inoculation significantly increased total dry weight, mycorrhizal infection, nutrient content (P,
K, Mg, Ca, Na, Al, Fe, Zn), and WUE. A strongly positive correlation of % colonization by arbuscular mycorrhizal and nutrient content (P, Mg,
Ca, Mn, Al) and dry weight was found, but no significant correlation with WUE. 
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Genetic and symbiotic characterizations of rhizobiums nodulating Arachis hypogeae L.. at North-East of
Algeria
Djebara Malika1, Krasova-Wade Tatiana2, Ounane Sidi Mohamed3, Meftah Youcef3, Tiliuoine Wahiba3, Neyra Marc4, Ndoye Ibrahima5

1 USTHB FSB/LBPO B. P. 32 El Alia, Alger 16000 Bab-ezzouar Algeria
2 LCM IRD Bel-Air Dakar Senegal
3 INA El Harrach Algeria
4 LSTM IRD Montpelleir, France
5 LCM UCAD Dakar Senegal

The diversity of 17 isolates obtained from local groundnut (Arachis hypogea L.) cultivar’s nodules originated from different sites in the pro-
vinces of Guelma and El-Taref located at the North-East of Algeria were examined by restriction fragment length polymorphisme ( PCR-
RFLP) analysis of 16S-23S rDNA intergenic spacer region. We distinguished nine genetic profiles. The distributions of these IGS types accor-
ding to the origin showed that the IGS type 7 and 8 were ubiquists, whereas IGS type 1, 2, 3, 4, 5, 6, and 9 were specific to only one site.
The Sbeaa site is characterised by a heterogeneous population composed by IGS type 1, 2 and 3. The functional diversity of the isolates is
being studied. The phylogenic relations and the taxonomic position of the isolates will be specified by sequencing of ADNr 16S. One IGS
type was found in Senegal and in Algeria cowpea nodules and was related to Bradyrhizobium japonicun species. 
Three groundnut local cultivars were inoculated with a strain corresponding to this IGS type. The experimental design was a randomized
complete block replicated four times. The inoculation improved significantly the weight of plant and shoot, the number of leaves and almost
all the yield components of all of the cultivars. However, there is no significant effect of inoculation on number of primary branches, number
of flowers, weight of 100 pods, the fruiting rate and harvesting index.

P-581

Nitrogen fixation is significant for long-term root colonization by Burkholderia sp.418
Bazhanov Dmitry, Bazhanova Alesia

Institute of Genetics and Cytology, NASB Akademicheskaya Str., 27 220072 Minsk Belarus
The isolated from barley roots bacterium Burkholderia sp.418 (originally identified as Pseudomonas sp.418) is a PGPR capable of coloni-
zing roots of various crops after seed inoculation.
Nif¯ mutants of Burkholderia sp.418 were induced by random Tn5 mutagenesis. Derepressed in nitrogen fixation (Nifc) derivatives were obtai-
ned by transferring constitutive gene nifA of Klebsiella pneumoniae (plasmid pCK1). Both the Nif¯ and Nifc strains were found generally not
differ from the wild type in their ability to colonize seedling roots of diverse plants. Long-term survival of Burkholderia sp.418, its Nif¯ and Nifc
derivatives on roots of barley, wheat, oat, blue lupine, yellow lupine, and flax was studied in field experiments.
As a rule, initial (evaluated in 8-14 days after sowing) rhizosphere populations of genetically modified bacteria were about equal to those of
the wild type (Nif+) strain in all the crops involved in the experiments, varying in the interval log 4 – log 5 CFU per g of fresh roots, or 0.1-
1% of the population of the resident culturable bacteria depending on the year and crop.
Populations of Burkholderia sp.418 in rhizosphere of all the crops (with the exception of flax) grew 5-50-fold towards flowering or later sta-
ges of plant growth, while populations of Nif¯ mutant decreased during vegetation. Despite high rates of the initial colonization, no growth of
Burkholderia sp.418 population was observed in the flax rhizosphere. Population dynamics of the Nif+, Nif¯ and Nifc strains on the flax roots
were similar, the populations declined by about 100 times during 45-50 days. 
Populations of the Nifc derivative declined during vegetation in rhizosphere of all the crops tested. Population dynamics of Nif+ revertants
corresponded to those of the wild type strain.
The data indicate that nitrogen fixation is important for growth of Burkholderia sp.418 population in rhizosphere of various crops during vege-
tation.

P-499

Physiological mechanisms related to plant drought tolerance and plant growth effectiveness by native bacte-
ria from dry environments
Marulanda Aguirre Adriana, Barea Navarro Jose Miguel, Azcon Gonzalez de Aguilar Rosario

Estación Experimental del Zaidín (CSIC) Microbiologia del Suelo y Sistemas Simbióticos C/Profesor Albareda, 1 18008 Granada Granada
Spain
Inoculation of plants with microorganisms may increase drought tolerance to plants growing in arid or semiarid areas. Three indigenous bac-
terial strains were isolated from drought soil and these strains represented the most abundant bacterial groups in the soil. These bacteria
were identified as Pseudomonas putida, Pseudomonas plecoglossicida and Bacillus megaterium. When the bacteria are grown in nutrient
broth at increasing polyethilen-glicol (PEG) levels (from 0 to 60%) they show PEG tolerance and only P. plecoglossicida decreased proline
and indol-acetic acid (IAA) production concomitantly with an increase of osmotic stress in the medium. Bacteria have developed mechanisms
to cope with drought and the accumulation of organic osmolites such as proline may balance the osmotic pressure of the external environ-
ment. The two bacterial strains P. putida and B. megaterium which exhibited the highest drought-tolerance showed increased proline and
IAA accumulation in the medium as much as increased osmotic stress. The high intracellular level of proline is involved in the osmotic cel-
lular adaptation. The level of IAA production by P. putida and B. megaterium at a PEG concentration of 60% is an indication of resistance to
drought and their inoculation increased shoot and root biomass and water content of plants. Particularly plants inoculated with B. megate-
rium are colonized not only in the rhizosphere but also in the endorhizosphere zone. The high amount of IAA production by bacteria in such
stressed conditions may explain their effectiveness in promoting plant growth by 238% P. putida and 178% B. megaterium and increased
shoot water content by 84% P. putida and 86% B. megaterium as well as enhanced the competitive advantage of these drought-adapted
bacteria in dry stressed environments. Results from a time course experiment (four harvest) showed that B. megaterium was the most effi-
cient isolated bacterial in increasing shoot biomass under drought applied single or associated to the autochthonous arbuscular mycorrhizas
(AM) fungi such as G. coronatum, G. constrictum or G. claroideum. Microbial activities of adapted strains represent a positive effect on plant
development under drought environment.

P-788
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Mechanism underlying improved plant growth in acidic soil by arbuscular mycorrhizal symbiosis
Inaba Shoko, Watanabe Toshihiro, Osaki Mitsuru, Ezawa Tatsuhiro

Hokkaido University Graduate School of Agriculture W9, N9, Kita-ku 060-8589 Sapporo Japan
Plant growth is generally inhibited in acidic soil due to Al toxicity and P deficiency. It has been known that arbuscular mycorrhizal (AM) fungi
enhance plant growth even under low-pH conditions, although the mechanism underlying has not been elucidated. We designed the expe-
riments according to the following hypothesis: mycorrhizal formation provides an alternative pathway of P uptake for the host plant of which
P uptake through the root pathway is restricted due to Al toxicity. An Al-sensitive wheat cultivar ES8 was grown on autoclaved acidic (pH 4.4)
or neutralized (pH 6.6) low-P soil (31.9 mg available-P kg-1 soil) in a greenhouse with the following four treatments: soil P, the media were
amended with 100 mg P kg-1 soil; foliar P, the liquid fertilizer was applied to the above-ground part twice a week; +AMF, Glomus sp. HR1
isolated from acidic soil was inoculated at 1000 spores pot-1; control, the plants were grown without either P fertilizer or AM fungi. The plants
were harvested 10 weeks after sowing. Shoot and root biomass were measured, and the levels of AM colonization was assessed. The root
tips were collected and stained with fluorescein diacetate-propidium iodide (FDA-PI) to assess the damage of plasma membrane. P contents
of the plant materials were determined colorimetrically after digestion. Mycorrhizal colonization was observed only in the +AMF treatments.
In acidic soil, the growth and P uptake of the plants were significantly improved by the inoculation of AM fungi but not by (either foliar or soil)
P fertilization. In contrast, plant P uptake in the neutralized soil was much greater, and no response to AM fungi was observed. The FDA-PI
staining showed that the most of root tips were viable in the neutralized soil but 100% of the tips were damaged in acidic soil in the absence
of AM fungi. Whereas about 20% of the root tips sustained the functional integrity in the presence of AM fungi even in acidic soil. These
results ensure the validity of the present hypothesis but raise new questions how AM fungi alleviate Al stress on the plant roots and whether
P uptake through the root pathway contribute to the P acquisition of the mycorrhizal plants significantly. 

P-565

Rhizobia-bean interaction in different environments in the Northwest of Spain
Rodiño Paula1, Santalla Marta1, Perez-Barbeito Marlene1, Drevon Jean Jacques2, De Ron Antonio1

1 Misiòn Biològica De Galicia-Csic Genetic Resources P.O. BOX 28 36080 Salcedo-Pontevedra Pontevedra Spain
2 INRA – Montpellier SupAgro UMR 1222 Biogéochimie du Sol et de la Rhizosphère, Montpellier, France

Crop legumes as the common bean (Phaseolus vulgaris L.) have been used extensively in agriculture over the past century, mainly for main-
taining soil fertility. The low fertility can also have a negative impact on the legume-rhizobia symbiotic relationship reducing the ability of rhi-
zobia to form nodules with optimal N2-fixing capacity. Common bean is an important world grain legume and vegetable in the south of Europe
where it is grown in small farms and gardens during the warm season. The symbiotic fixation of nitrogen (SNF) provides an ecologically
acceptable alternative to the high applications of nitrogenous fertilizers, especially in Europe, and an economic alternative to the limited
access to these fertilizers of the developing countries. Inoculation is required to increase yield through N2 fixation and to reduce the exter-
nal inputs. It seems that there is an important genotypic variability associated with SNF potential and amount of N2 fixing, that emphasizes
the need to explore the potential of indigenous rhizobial strains for improving the symbiotic performance of P. vulgaris. The objective of this
work was to study the effect of the soil environment on the ability of rhizobia to form nodules and the need for rhizobial inoculation when
introducing common bean into different soil environments. There are the differences in the interaction nodulation-bean in different environ-
ments. The differences between the bean accessions in different environments could be exploited in breeding programs for enhanced nodu-
lation and N fixation in each bean market class.

P-459

Rooting induction of olive plants cuttings by plant growth promoting rhizobacteria
M.Carmen Montero, Carmen Santamaria, Marta Albareda, Antonio Daza, Maria Camacho

IFAPA Apartado Oficial 41200 41200 Sevilla Sevilla Spain
Chemical agents used to prevent disease symptoms or to fertilize plants can cause detrimental effects on human health and persist in natu-
ral ecosystems so, in the last decade conventional chemicals products are being replaced by biological agents, such as microorganisms
(bacteria and mycorrhizae). Actually, in organic agriculture it is forbidden to use chemical compounds. 
Free living soil bacteria that provide some benefit to plants are usually referred to as plant growth-promoting rhizobacteria (PGPR).They may
facilitate plant growth and development indirectly through their ability to prevent or decrease the damage to plants or directly through iron
sequestration, phosphate solubilization or the production of plant growth hormones such as indole-3- acetic acid (IAA), the most common
auxin which stimulate root elongation.
Azospirillum brasilense has been widely used as a PGPR owing its capacity to produce and release a broad spectrum of plant growth regu-
lators. Among several A. brasilense strains, the strain Cd was the one that produced the highest levels of IAA. 
Nowadays, the olive propagation adopted by nursery growers, is mostly through semi-woody olive plant cuttings. They are treated during
several seconds with an IAA solution (2-4 mg/L). The use of IAA in organic agriculture is forbidden, thus finding an ecologic alternative to the
use of IAA is needed.
In this work we have studied rooting induction by the use of some bacteria previously described as highly effective as auxin producers, and
others isolated from the rhizosphere of organic olives trees, and selected by its in vitro capacity to solubilize phosphate, and to produce side-
rophores and IAA. 

P-741
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Isolation and identification of Sinorhizobium meliloti strains resistant to high nitrate levels from the soils of
Hamadan province
Khakipour Nazanin1, Khavazi Kazem2, Arzanesh Mohammad Hossein2

1 Azad University-Branch of Savadkooh Soil Science Iran-Azad University-Branch of Savadkooh-Polesefid p.o.box:155 Savadkooh Mazandaran Iran
2 Soil and Water Research Institute, North Karegar Avenue, Tehran, Iran

Soil nitrate is one of the most important factors that limits the symbiotic activities of legumes-Rhizobium bacteria. The limitation potentials of
nitrate on symbiotic activities are therefore, higher in the soils that receive high rates of nitrates or where nitrification rates are high. The far-
mers in Hamadan province apply haphazard rates of nitrate fertilizers due to the cheap prices of the materials and without any regard for the
beneficial nitrogen fixing potentials of many field soils. As a result the nitrogen fixing potentials of the legume-Rhizobium symbiotic systems
are not fully taken advantage of despite the presence of many efficient soil Rhizobium strains. In those circumstances where the farmers can
not be deprived of nitrate fertilizers or where soil nitrification rates are high, the utilization of Rhizobium strains which are resistant to high
soil nitrate levels would be the answer. Two experiments were carried out in this study, first to determine the maximum nitrate concentrations
resulting from the haphazard applications of urea and the second experiment was carried out to identify the nitrate resisting capable of sym-
biotic activities. Five different soils, two levels of urea fertilizer (500 and 1000 kg/ha) and three replications were used in the first experiment.
Nitrate and ammonia nitrogen concentrations were determined for the different treatment for a two month period at 5-day intervals. After 6
weeks of alfalfa growth in this greenhouse experiment, the dry weight of the plant roots and of the above ground plant parts, and the num-
ber and the types of root nodules were measured for the various treatments. The results showed that 1000 kg urea/ha produced the highest
concentrations of nitrate in the soil measuring at 2.29 mM 55 days into the experiment. The second experiment showed that the symbiotic
activity was significantly different for the nitrate resisting strains with different levels of resistance to nitrate. In short the S. meliloti strains
could be put in three different groups with respect to their reactions to nitrates in their symbiotic potentials. The first group was considered
sensitive to nitrate and resisted group which produced nodules on alfalfa roots in nitrate concentrations of up to 4 mM.

P-796

Effect of phosphate solubilizing bacteria on the mineral nutrition and growth of wheat under controlled condi-
tions
Brhada Siham2, Peix Alvaro3, Igual José-Mariano3, Barreuco Claudino Rodríguez3, Aurag Jamal1

1 Faculty of Sciences Laboratory of Microbiology and Molecular Biology Av. Ibn Battouta, BP 1014 10000 Rabat, Morocco
2 Laboratoire de Microbiologie et Biologie Moléculaire, Faculté des Sciences, BP1014, Rabat, Morocco
3 Instituto de Recursos Naturales y Agrobiologia, IRNASA-CSIC, C/ Cordel de Merinas 40-52, 3707, Salamanca, Spain

Phosphorus is one of the most important nutrients required by plants. However, in soils, the major part is fixed as water-insoluble iron and
aluminium phosphates in acidic soils or as calcium phosphates in alkaline soils. On the other side, the addition of inorganic P fertilizers is
easily re-precipitated into insoluble forms. Thus, the utilisation of Phosphate Solubilizing Microorganisms (PSMs) would be a promising way
to increase P availability to plants. In addition, many studies have described that PSMs may have a potential to colonise the rhizosphere and
to promote plant growth (PGPR). The objective of the present work was to study the effect of selected PSM on mineral nutrition and growth
of Triticum durum.
Strains RP8, RP132, RP179 and RP195 were isolated from nodules of common bean grown in Moroccan soils, Rhizobium tropici CIAT899T
is a type strain and Mesorhizobium mediterraneum PECA21, a good solubilizing strain nodulating chickpea in Spain, were used as reference.
All the strains have a high phosphate solubilizing ability demonstrated by the formation of solubilization halos in Pikovskaya (PVK) solid
medium containing dicalcium or tricalcium phosphate. The phosphate solubilizing ability was further characterised by checking strain’s growth
in PVK liquid medium, pH values and free phosphate released in the medium.
Cultivar gazul wheat plants growing in an inert substrate supplemented with tricalcium phosphate were inoculated with the PSB strains under
greenhouse conditions. The elements P, N, Mg, K and Ca were analysed and plant dry weight and length were measured. 
The results indicate that the inoculation with strain RP179 (one of the fastest solubilizers in liquid PVK), induced an increase in plant mine-
ral content, as well as dry weight and length. Whereas the less phosphate solubilizing strain (RP8) showed the lowest positive effect on the
parameters measured. Our results indicate also that some strains, besides solubilizing phosphates, produced probably substances that faci-
litated wheat mineral nutrition and growth (PGPR effect).

P-586

Microscopic confirmation of endophytic colonization of pine tissues by diazotrophic Paenibacillus polymyxa
strain P2b-2R
Anand Richa, Chanway Chris

UBC Forest Sciences 3041-2424 Main Mall V6T 1Z4 Vancouver BC Canada

Research in our laboratory has uncovered intriguing evidence that certain boreal forest gymnosperm species may supplement their nitrogen
requirements through nitrogen fixation by diazotrophic endophytes. The mechanism appears to be similar to the Gluconoacetobacter diazo-
trophicus x sugarcane interaction. Using 15N assays, we found that 27-66% of lodgepole pine foliar nitrogen is derived from newly fixed N
after inoculation with Paenibacillus polymyxa strain P2b-2R, a diazotrophic endophyte previously isolated from internal stem tissues of natu-
rally regenerating lodgepole pine [1]. However, we used a pine tissue surface sterilization protocol to evaluate internal population sizes of
strain P2b-2R, a technique that may yield spurious results particularly with spore forming bacteria. Here we present microscopic confirma-
tion of endophytic coloniziation by P. polymyxa strain P2b-2R in pine tissues using scanning electron and fluorescence microscopy. We are
continuing studies to determine if we can detect nitrogen fixation in situ using gfp based techniques. 

[1] Anand. R. et al. (2006) Research on Endophytic Bacteria: Recent Advances with Forest Trees in Soil Biology, Volume 9, Microbial Root
Endophytes. B. Schultz, C. Boyle and T.N. Sieber (Eds). Springer Verlag, Berlin. pp. 89-106.
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Evaluation of apatite and urban compost effects on growth, phosphorus solubilization and colonization of
Bacillus megaterium (PSB) in rhizosphere of corn (Zea mays L.)
Doroudian Hamid reza1, Besharati Kalaie Hossein2, Fallah Alireza3, Darvish Farokh4, Heidari Hossein5, Alahverdi Asefeh6

1 Islamic Azad Uni.Lahijan Branch Academic Member of Agronomy Department no.4 Golayol Alley Etaati St. -Jalal al Ahmad Ave 1464755164 Tehran
Tehran Iran
2 Soil and Water Research Institute of Agriculture Ministry of Iran.
3 Dep. of Soil Biology. Mohagege Ardebili Uni. 
4 Dep. of Crop Breeding Islamic Azad uni. (Science and Research Branch) 
5 Seed Control and Registration Research Institute of Agriculture Ministry of Iran.
6 Tarbiat Modares Uni. Agronomy Dep.

There are many sources of apatite in the world that can be used as P fertilizer. But previous research showed that this source of P have no
advantage if used alone, because its solubility especially in alkaline soils (widespread in Iran) is very low. We supposed that compost or PSB
(Phosphate-solubilizing microorganisms) could promote solubilization of apatite. A two year experiment was conducted to evaluate the urban
compost and apatite resources interaction with Bacillus megaterium (as important Phosphate solubilizing bacteria) in the rhizosphere of corn
and their effects on P uptake, yield and yield component of corn. Three factors: 1-apatite, 2-urban compost and 3-Bacillus was factorially
applied in two levels in Complete Randomized Block Design in research farm of soil and water research institute, Karaj, Iran, in years 2005
and 2006. The results of combined analysis showed that simple effect of compost on yield of maize was significant (P<0/05), and apatite had
a significant reverse effect on growth and colonization of Bacillus and reduced corn yield and did not increase the soluble P in corn rhizos-
phere. The reasons of this output will be discussed. We conclude that the Environmental condition of experiment in these studies is very
important and could influence performance of apatite and PSMs. Combination of Bacillus with compost produced the most grain yield and
lead to highest P uptake.

P-785

Isolation, identification and determination of ACC deaminase activity in canola rhizobacteria isolated from
saline soils
Akhgar Abdol-Reza, Akhgar Abdol-Reza, Saleh-Rastin Nahid, Khavazi Kazem

Soil Science, Engineering University College of Agriculture and Natural Resources 4111 Karaj Iran
The proper use of saline soils to produce maximum yield of crop plants has always been a big challenge in the agricultural sector. Plants,
cropped in saline soils, are affected by salinity through different ways and hence, they may not reach their maximum yield. Ethylene accu-
mulation in the roots is one of these ways, reducing root growth and hence crop yield such as canola (Brassica napus). If there are ACC
deaminase producing bacteria in the rhizosphere, it may be likely that these bacteria change ACC precursor to á-ketobutyrate and ammo-
nium, resulting in the decreased ethylene level in the host plant. Hence, with respect to the importance of developing canola cropping area
in Iran and the necessity to plant it in saline and relatively saline soils, it seemed necessary that in the first step, some bacteria, with the men-
tioned ability, be isolated and identified. For this reason 21 combined soil samples along with the canola roots were collected from the saline
and relatively saline soils of Qom and Qazvin provinces. After determining some chemical and biological properties of the soil samples, 105
strains were selected from the soil rhizosphere of canola. According to the growing abilities of the strains in the minimum media of DF having
ACC, as the only source of nitrogen, it was determined that 15 strains had the ability to produce ACC deaminase. Identifying these strains,
according to the microscopy, physiological and biochemical characters showed that all the strains belonged to the group of fluorescent
Pseudomonads. According to the tests,14 strains were identified as P. fluorescent. Due to the lack of accordance with the characters in the
Bergey book one of the strains was identified as Pseudomonas sp. Also measuring ACC deaminase activity showed that the activity of this
enzyme in the isolated strains differed from 1.43 to 8.17 µM á-ketobutyrate.mg-1.hr-1. According to our results and in comparison with the
results of other researchers, it may be beneficiary to inoculate canola seed with the identified strains to alleviate the stressful effects of sali-
nity on canola growth and, hence yield.

P-783

Assessment of common bean/rhizobia symbiosis performance under different soil phosphorus levels
Ghoulam Cherki1, Mesbah Houda1, Raguibi Hassna1, Mandri Btissam1, Oufdou Khalid2, Drevon Jean-Jacques3

1 Faculty of Sciences and Techniques-Gueliz Biology B.P 549, Guéliz 40 000 Marrakech, Morocco
2 Faculty of Science Semlalia, Department of Biology, Marrakech, Morocco
3 UMR 1222 Biogéochimie du Sol et de la Rhizosphere, INRA-Montpellier SupAgro, Montpellier, France

This study was carried out on a common bean germplasm with four varieties, Paulista, Fequence, Contender, Concesa and four recombi-
ned lines, 104; 115; 124; 147. The aim of this work was to select more performing rhizobia symbiosis for biological nitrogen fixation under
low soil phosphorus level. Field trials were installed in four farmer’s fields at the Haouz region of Morocco by the beginning of April 2006.
These trials were conducted without nitrogen nor phosphorus chemical fertilization. 
At the flowering stage, the trials were assessed. Four nodulated plants per genotype per field were sampled and used in laboratory for nodule
diagnostic. We considered plant dry weight, their phosphorus and nitrogen contents, the root nodules number, dry weight and mean size.
The results showed differences between fields for almost all the considered parameters. The more significant differences were registered
between fields 1 and 2 that showed contrasting soil phosphorus and nitrogen levels before culture installation. For each field we noticed dif-
ferences between studied genotypes and these differences are more pronounced for the field 1 characterized with a weak levels of soil phos-
phorus and nitrogen. Some genotypes as Fequence, Paulista, 104 and 115 establishing symbiosis with local rhizobia strains has allowed
sufficient nitrogen nutrition for plant under low soil phosphorus level.

P-857
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Acidovorax sp. N35 - an AHL-producing rhizosphere bacterium able to perform phase variation
Li Dan1, Rothballer Michael1, Rohrer Stefanie1, Schmid Michael1, Klein Ilona1, Fekete Agnes2, Schmitt-Kopplin Philippe2, Hartmann Anton1

1 National Research Center forEnvironment and Health Microbe Plant Interactions Ingolstädter Landstraße 1 85764 Neuherberg Bayern Germany
2 GSF-National Research Center for Environment and Health, Institute of Ecological Chemistry, D-85764 Neuherberg, Germany

Acidovorax sp. N35 is a β-proteobacterium, which was isolated from the surface of sterilized wheat roots and belongs to the family of
Comamonadaceae. The analysis of sequence data of 16S and 23S rRNA showed that the strain was closely related with Acidovorax facilis
and Acidovorax defluvii. This bacterium undergoes phase variation, with one phase type showing characteristic rough colony shapes on agar
plates and forming flocks in liquid medium (N35e), while the other type grows in smooth colonies and without flocculation in liquid medium
(N35r). According to the 16S and 23S sequence data and DNA-DNA-reassociation experiments, the two phases were genetically identical.
Among others, a rare AHL-molecule structure (3-hydroxy-decanoyl homoserine lactone) was identified as the dominant signalling substance
with a fourier transformation ion cyclotron resonance mass spectrometer (FTICR/MS). It was demonstrated that AHL was produced by both
of the two forms of strain N35, however strain N35e produced more AHL than strain N35r. Besides only N35e was able to swarm and utilize
alanylglycine as carbon source. Both strains were GFP tagged and their colonization behavior on barley roots grown in an axenic system
was examined with a confocal laser scanning microscope (CLSM). A species specific FISH probe was developed as well for the in situ detec-
tion of the two phase types.

P-638

An evaluation of drought resistance for some Sinorhizobium meliloti strains
Bapiri Azadeh1, Khavazi Kazem2, Arzanesh Mohammad hossein2

1 Islamic Azad University-Branch of Savadkooh Soil science Islamic Azad University-Branch of Savadkooh-Poiese P.O.BOX:155 Savadkooh
Mazandaran Iran
2 Soil and Water Research Institute, North Karegar Avenue, Tehran, Iran

Alfalfa (Medicago sativa L.) is one of the major forage crops cultivated in some 600,000 hectares of farmland in Iran. This plant is capable
of providing symbiotic activities for Sinorhizobium meliloti bacteria and as a result of this symbiotic relationship fix a considerable amount of
molecular nitrogen. The optimum utilization of this symbiotic activity as well as the maximum rate of the fixation of molecular nitrogen requi-
res the elimination or a reduction in the level of unfavorable soil conditions such as moisture deficiencies, salinity hazards and so on. Low
moisture levels not only lowers the population densities of the Rhizobium bacteria but also reduces the nitrogen fixing efficiencies of the sym-
biotic system. Utilization of drought resistant Rhizobium strains would provide a solution to this problem. In this study the degree of drought
resistance was evaluated for 25 S. meliloti strains under free living or symbiotic conditions. Three experiments were conducted for this pur-
pose as given below. The first experiment involved 25 strains, four replications and four moisture levels (0, -0.4, -0.8 and -1.0 MPa) carried
out with a completely randomized block design. In the second experiment two moisture levels were used (0, -0.8 MPa). Polyethylene glycol
6000 was used to regulated moisture tensions in all the samples. In the third experiment the levels of resistance of the strains were evalua-
ted under symbiotic conditions. The alfalfa plants were seeded in sand field tips which were then transferred to columns containing polyethy-
lene glycol after inoculation with the bacterial strains. The results showed significant differences (P<0.05) among the strains regarding their
drought resistance capabilities and secondly the different strains exhibited different reactions to the drought conditions.
In short strains No. 116, 66-1, 45 and 31 were determined to be resistant to drought under free living conditions. The bacteria reactions to
the drought conditions, furthermore, followed a different pattern altogether under symbiotic conditions whereby strains No. 31 and 136 sho-
wed the greatest resistance to moisture deficiencies

P-653

The impact of sterol biosynthesis inhibitors fungicides on arbuscular mycorrhizal fungi: a molecular approach
Oger Elodie1, Ghignone Stephane2, Bonfante Paola1, Lanfranco Luisa1

1 Dipartimento di Biologia Vegetale, Università di Torino Viale Mattioli 25, 10125, Torino, Italy
2 Istituto per la Protezione delle Piante - CNR - Sezione di Torino. Viale Mattioli 25, 10125, Torino, Italy. 

Fungicides belonging to sterol biosynthesis inhibitors (SBI) are the major class used in agriculture for the control of fungal diseases. Soil
accumulation of fungicides could have detrimental effects on beneficial soil fungi such as arbuscular mycorrhizal (AM) fungi. AM fungi, which
establish symbiotic association with the roots of most land plants, are currently recognized as crucial determinants for plant production and
biodiversity and functioning of ecosystems. Little is known about sterol metabolism in AM fungi. It has been shown that the final products are
24-methyl and 24-ethyl cholesterol (Grandmougin-Ferjani et al., 2005) and not ergosterol, the final sterol compound in most fungi. Studies
on the yeast Saccharomyces cerevisisae showed that SBI have a deep impact on transcriptome profiles of genes related to the sterol bio-
synthetic pathway.
The aim of this research is to investigate at a molecular level the influence of SBI on gene expression profiles of AM fungi. We have been
focusing on the identification of genes involved in the sterol biosynthetic pathway (ERG genes). A strategy based on the use of degenerate
primers was not successful. Bioinformatic searches within Glomus intraradices public databases revealed the presence of a sequence sho-
wing similarity with sterol C-4 methyloxidase (ERG25). Quantitative gene expression analyses on external mycelium grown in in vitro cultu-
res of carrot hairy roots and exposed to different SBI fungicides will be presented.
This work was supported by a Marie Curie Early stage Research Training Fellowship of the European Community’s Sixth framework
Programme under contract number MEST-CT-2004-514213.
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Synthesis of IAA by rhizospheric bacteria of the genus Azospirillum in the presence of glyphosate
Kryuchkova Yelena, Oleg Makarov

Institute of Biochemistry and Physiology of Plants Laboratory of Structure Research Methods 13 Prospekt Entuziastov 410049 Saratov
Russia
There exists no doubt about the importance of the study of the ecological and biochemical aspects of interaction between associative
microorganisms and plants. Metabolic regulation of the plant-rhizospheric microorganisms system is a promising direction in the cleanup of
polluted soil, in plant protection, and in the enhancement of yields. Unfortunately, human activities have decreased natural symbiotic poten-
tial, and man-made loads have substantial effects on the functioning of plant-microbial communities.
It is known that the ability to synthesize phytohormones allows microorganisms to occupy a specific ecological niche (in this case, the rhi-
zosphere of plants). Auxin is a most important phytohormone. In nature it is represented mainly by indole-3-acetic acid (IAA). There are seve-
ral IAA-biosynthetic pathways, with L-tryptophan being the major metabolic precursor of IAA. In plant-microbial association, bacterial synthe-
sis of IAA is determined by the presence of a sufficient tryptophan quantity in plant-root exometabolites.
In this work, we sought to quantitatively analyze IAA and its main precursors by liquid chromatography after cultivation of bacteria with various
concentrations of glyphosate as an inhibitor of tryptophan biosynthezis. We used the following Azospirillum brasilense strains: Sp245, Sp7,
and SR80.
We found that all the studied strains exhibited decreased IAA production with increasing concentration of the xenobiotic. The auxin amount,
relative to the control, decreased by 54% in strain SR80 at a herbicide concentration of 90 ìg/ml and be 55% in strain Sp245 at a herbicide
concentration of 45 ìg/ml. It strain Sp7, phytohormone biosynthesis was inhibited by 82% at a herbicide concentration of 33.75 ìg/ml.
In the culture liquid of the bacteria, we also detected indole-3-acetamide (IAM) and indole-3-pyruvic acid (IPA) as the major precursors in two
different IAA-biosynthetic pathways. In all experiments, there was a direct correlation between the concentration of IAA, IAM, and IPA.

P-834

Identification of an iron transport operon in Gluconacetobacter diazotrophicus
Sánchez-Espíndola Adriana, Vázquez-Candanedo Ada, Ávila-Ramírez Carlos, Baca Beatriz Eugenia

Universidad Autónoma de Puebla Centro de Investigaciones Microbiológicas Edif. 76 3er piso CU. Av. San Claudio y 14 Sur S/N 72540
Puebla Puebla Mexico
Gluconactebacter diazotrophicus is a nitrogen-fixing bacterium, endophyte of sugarcane. To clone components of the iron acquisition sys-
tem in G. diazotrophicus, we have designed degenerated oligonucleotides to amplify by PCR a conserved region of a specific permease for
iron transport. The 400 bp amplicon obtained was used, in turn, to isolate a plasmid clone from a library of the bacterium. The sequence ana-
lysis of this clone revealed 3 ORF, named feuA, feuB and feuC, organized in an operon, encoding proteins of 314 (34 kDa), 342 (34.2 kDa)
and 240 (25.4kDa) amino acids, respectively. The deduced translation proteins showed similarity with a periplasmic binding protein, a per-
mease and an ATPase involved in iron transport, designated FeuA, FeuB and FeuC respectively, for iron-regulated (Fe) uptake transporters.
GeneBank number accession DQ080039. 
In order to determine if the feuABC operon was functional, we constructed a mutant by homologous recombination of a Km resistance cas-
sette. The role of G. diazotrophicus in survival under iron depletion was evaluated by comparing the ability of the feuB-km mutant, and the
wild-type strains to grow in media, without Fe supplement and in the presence of the iron chelator 2’di-pyridyl (DPI). The growth was not
affected in the medium without Fe, indicating that traces of Fe were iron sufficient conditions. This also suggests the existence of an alter-
nate system different of the FeuABC to transport iron. In contrast, when the iron chelator was added this created iron-deficient conditions
and the mutant strain showed a growth defect. A transcriptional fusion was constructed with the gusA gene. The feuABC operon of G. dia-
zotrophicus is expressed at higher levels in cells that are depleted for iron than in those that are replete for the metal. The expression of the
fusion in association with sugarcane is under study to establish if the feuABC operon is required for the endophytic colonization of the host
plant. Further analysis will be also performed to determine the role of this iron acquisition system for nitrogen fixation both at the free-living
state and in planta.
The work was partially found by a grant of VIEP-SEP.
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Interactions between plant roots and non-symbiotic N2-fixing bacteria in the rhizosphere
Calvo i Alegre Olga Cristina1, Neumann Günter1, Rosenberg Uri2, von Wirén Nicolaus1

1 Plant Nutrition Institute University Hohenheim Fruwirthstr. 20A 70593 Stuttgart Germany
2 AGRON Uri Rosenberg M. Sc. Agr., Agrochemicals Development & Marketing Ltd., P.O.B. Rehovot 76121 2196, Israel

Nitrogen fixation by microorganisms can occur in the free-living state and in symbiosis or association with higher plants. The plant benefit
from bacterial nitrogen fixation appears to be highest in symbiosis, e.g. between legumes and Rhizobia, while associative bacteria do not
form nodules but use plant exudates. Root exudates are an important source of nutrients for the microorganisms present in the rhizosphere
and play an important role in the colonization process through chemotaxis of soil microorganisms (Campbell and Greaves, 1990). Inoculation
of cereal crops with non-symbiotic N2-fixing bacteria can lead to growth stimulation and increases in grain yield. Among the likely mecha-
nisms are the production and release of bacterial plant growth regulators and the fixation of atmospheric nitrogen (Dobbelaere et al., 2001).
However previous studies have shown a great variability in the success of inoculation approaches.
The aim of the present project is to test the chemo-attractive potential of root exudates of bean, spring wheat and maize on non-symbiotic
N2-fixing microorganisms and to investigate by which mechanism non-symbiotic N2-fixing bacteria stimulate plant growth. Special emphasis
was placed on the investigation of nitrogen acquisition by wheat plants in the presence or absence of different nitrogen-fixing bacteria
employing the 15N dilution method. 
For chemotaxis assays we used putative N2-fixing bacteria like Paenibacillus polymyxa and Brevibacillus reuszeri from the late-exponential
phase. We tested them on an agar plates towards seed and root exudates of Phaseolus vulgaris, Triticum aestivum var. Paragon and Zea
mays var. Tassilo grown in hydroponics under N deficiency. The root exudates were collected at 4, 6 and 8 days after germination.
Brevibacillus reuszeri prefered the monocot plants and showed chemoattraction after 24h, while P. polymyxa has been attracted by bean
already after 2h. The identification of chemotactic compounds is under investigation. 
Field studies in Israel have shown that inoculation with the non-symbiotic nitrogen fixer Paenibacillus polymyxa leads to a significant increase
in height, number of grain row-1 and number of spikes in wheat plants compared to non-inoculated plots. Following these promising field
trials, we tried to reproduce these experiments in the greenhouse using the same spring wheat variety and the same soil from Israel.

P-647

Effect of phosphorus treatment on interactions between common bean genotypes and native rhizobia from
Moroccan soil
Mandri Btissam1, Ghoulam Cherki1, Oufdou Khalid2, Drevon Jean-Jacques3

1 Unit of Plant Biotechnology and Agrophysiology of Symbiosis, Faculty of Sciences and Technics Gueliz, Marrakech
2 Environmental Microbiology and Toxicology Unit, Laboratory of Biology and Biotechnology of Microorganisms, Faculty of Sciences-Semlalia
P.O. Box 2390, Morroco
3 UMR 1222 Biogéochimie du Sol et de la Rhizosphère, INRA, Montpellier, France
The improvement of common bean production in the Mediterranean area requires the selection of effective rhizobial strains and cultivars of
Phaseolus vulgaris, more adapted to the semi-arid and arid climate and nutritional conditions prevailing in this region. The interactions bet-
ween common bean genotypes and rhizobia strains were studied under controlled conditions in hydroaeroponic culture using commercial
bean cultivars and different rhizobia strains that we isolated from nodules of ccommon bean plants collected from farmer’s fields in the Haouz
region of Marrakech. Two phosphorus levels were tested, 250 µmole/plant/week as control treatment and 75 µmole/plant/week as phospho-
rus deficiency treatment. For each treatment, ten plants were considered per genotype per strain.
Under phosphorus deficiency treatment, the variety Paulista, grown in Haouz region, appeared to be less tolerant when inoculated by refe-
rence strain Rhizobium tropici CIAT 899 but when inoculated by the Moroccan local strains of rhizobia, Paulista appeared to be the highly
tolerant genotype to phosphorus deficiency. A difference between different bean genotypes/rhizobia strains combinations was evident and it
should be interesting for selection of most adapted symbiosis to phosphorus deficiency conditions.

P-849

Breeding for improved responsiveness to arbuscular mycorrhizal fungi in onion
Galvan Guillermo A.2, Burger-Meijer Karin3, Kik Chris4, Scholten Olga E.3, Kuyper Thomas1

1 Wageningen University Soil Quality P.O. Box 47 6700 AA Wageningen Netherlands
2 University of the Republic, Montevideo, Uruguay
3 Plant Research International, Wageningen, the Netherlands
4 Centre for Genetic Resources, the Netherlands, Wageningen, the Netherlands

Onion (Allium cepa L.) is one of the major vegetables worldwide. Due to its root properties (superficial, thick, unbranched roots without root
hairs), onion is very inefficient in nutrient uptake. As a result, large amounts of fertilisers are used in onion cultivation. In low-input systems
crops need to have a higher nutrient uptake efficiency. To improve nutrient uptake in onions it is possible to breed for larger root systems. A
complementary approach is to breed for enhanced responsiveness to arbuscular mycorrhizal fungi (AMF). The aim of the present research
is to study possibilities to improve onions for mycorrhizal responsiveness by breeding and crossing with related species such as A. fistulo-
sum. 

Seventy seven genotypes of a tri-hybrid population of A. cepa x (A. roylei x A. fistulosum) were vegetatively multiplied and tested for respon-
siveness to Glomus intraradices (kindly provided by Dr Y. Kapulnik) in a greenhouse. Responsiveness was calculated as weight increase
compared to the non-mycorrhizal treatment: (WAMF – WNM)/WNM* 100%. AMF had a significant effect on plant height and fresh weight of
different genotypes. The frequency distribution for responsiveness demonstrated genetic variation that varied from hardly or no response to
genotypes with up to 500% for weight. Analysis of the genetic basis of AMF responsiveness will be done by QTL mapping in this population.
We expect not only to find traits to improve the rooting system but also to improve mycorrhizal responsiveness. The results support our hypo-
thesis that using A. fistulosum is an interesting option to improve onions by breeding to obtain cultivars better adapted to low input farming
because of their improved rooting system and mycorrhizal responsiveness.

P-1209
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Growth and photosynthetic characteristics of pine seedlings inoculated with ectomycorrhiza under acidified
forest soil
Choi Dong-Su1, Kayama Masazumi2, Sasa Kaichiro3, Jin Hyuno4, Toda Hiroto1, Koike Takayoshi5

1 Tokyo University of Agriculture and Technology Institute of Symbiotic Science and Technology Saiwaichou 3-5-8 183-5809 Fuchu Japan
2 Kyushu Research Center, Forestry and Forest Products Research Institute
3 Hokkaido University Forests, FSC
4 College of Life Science, Kyung Hee University
5 Research Faculty of Agriculture, Hokkaido University

Increasing soil acidification due to human activity such as use of fossil fuels might have a serious impact on forest ecology. In this study, we
examined the effect of ectomycorrhizal infection on growth and photosynthetic characteristics of pine seedlings in Northeast Asia grown
under acidified forest soil. For revealing the plant-microbe interaction under soil acidification, we grew Pinus densiflora, P. koraiensis, P. rigida
and Larix kaempferi seedlings with two ectomycorrhiza in brown forest-soil derived from granite, which had been treated with the acid solu-
tion of H2SO4, HNO3 and HCl (SO4

-2 : NO3
- : Cl- = 5 : 3 : 2) for 180 days. The H+ ion concentrations in the soil were used (0 (control), 10, 30,

60 and 90 mmol H+?kg-1). With increasing amounts of H+ added to the soil, the water-soluble concentrations of Ca, Mg, K, Al and Mn increa-
sed. Ectomycorrhiza infection rate, i.e. Pisolithus tinctorius (Pt) and Ectodrench (EC) with P. densiflora, P. koraiensis, P. rigida and L. kaemp-
feri seedlings significantly increased 10 and 30 mmol H+.kg-1 treatments compared with control treatment, however that of 60 and 90 mmol
H+?kg-1 treatments significantly decreased compared with other treatments. The concentrations of Al in roots and Mn in needles of each spe-
cies increased with increasing H+ added to soil. However, those at each organ of ectomycorrhizal seedlings at each species significantly
decreased as compared with each non-ectomycorrhizal (NE) seedling. Maximum photosynthetic rate at light and CO2 saturation (Pmax), car-
boxylation efficiency (CE) and RuBP regeneration rate of each seedling increased at 10 mmol H+.kg-1 treatment than that of control treat-
ment, and decreased over 30 mmol H+.kg-1, especially 60 and 90 mmol H+.kg-1 treatments. Pmax, CE and RuBP regeneration rate of ecto-
mycorrhizal seedlings at each species significantly increased than that of each NE seedling. The relative total dry mass (TDM) of P. koraien-
sis and L. kaempferi seedlings approximately 40% at a BC(base cation)/Al ratio of 1.0, but that of P. rigida and P. densiflora showed approxi-
mately 50% at a BC/Al ratio of 1.0. However, ectomycorrhizal seedlings of each species increased relative TDM at a BC/Al ratio of 1.0 than
each NE seedlings, 20 - 100%, even if those also reduced. Our results indicated that P. koraiensis and L. kaempferi tended more tolerant to
soil acidification than P. rigida and P. densiflora seedlings.

P-711

Growth, nitrogen fixation and ammonium assimilation in common bean (Phaseolus vulgaris L.): effect of iron
deficiency
Slatni Tarek1, Krouma Abdelmajid2, Aydi Samir1, Cheffi Chiraz3, Gouia Houda3, Abdelly Chedly1

1 Laboratoire d’Adaptation des Plantes aux Stress Abiotiques, Centre de Biotechnologie, Technopole de Borj Cedria, BP. 901, 2050 Hammam-Lif,
Tunisia
2 Laboratoire des Interactions Legumineuses-microorganismes, Centre de Biotechnologie, Technopole de Borj Cedria, BP. 901, 2050 Hammam-Lif,
Tunisia. 
3 Unité de Nutrition et Métabolisme Azotés et Protéines de Stress, Département de Biologie, Faculté des Sciences de Tunis, Campus Universitaire,
1060 Tunis, Tunisia. 

A greenhouse experiment was carried out aiming to study the effect of iron deficiency on nitrogen fixation and ammonium assimilation in
common bean nodules. Host plant and nodule growth, symbiotic nitrogen fixation, glutamine synthetase (GS) and glutamate dehydrogenase
(GDH) were analysed in two common bean varieties subjected to iron deficiency. Results show that host-plant and nodules growth, nitrogen
fixation and GS activity decrease when limiting iron nutrition against an important increase of ammonium accumulation and GDH activity.
Tolerant variety flamingo is clearly less affected than the sensitive one, coco blanc. The allocation of iron to nodules and Fe use-efficiency
for nodules growth and symbiotic nitrogen fixation were on the basis of symbiotic performance of flamingo under iron deprivation. Under this
nutritional constraint, GDH take over GS the ammonium assimilation activity, particularly in the latter variety.

P-858

Effect of plant growth promoting rhizobacteria on morphological and physiological characteristics and yield of
wheat (Triticum aestivum L. cv Milan)
Valed Saravi Seid Cobra

Azad University Mehregan Complex-Pardis Alley-Piruzi Avenue 4818895763 Sari Mazandaran Iran
Some microorganisms which are present in the rhizosphere are the cause of a number of physiological and morphological changes in plants.
These changes have some positive effects on plan growth, nutrition and health. These microorganisms are called Plant Growth Promoting
Rhizobacteria (PGPR). Before now, this term was used for Pseudomonads fluorescents bacteria group, but today it has wider meaning and
includes bacteria like Pseudomonas, Azotobacter and Azosprillum.This experiment is being carried out in the field with 2 strains of
Pseudomonas putida, Pseudomonas fluorescens and Azotobacter. Treatments included 
1) NPK without inoculation (control )
2) NPK + P. putida 1
3) NPK + P. putida 2
4) NPK + P. fluorescent
5) NPK + Azotobacter
6) NPK + Azotobacter + P. putida 1
7) NPK + Azotobacter + P. putida 2
8) NPK + Azotobacter + P. fluorescent
Results showed that inoculated wheat seeds with Pseudomonas and Azotobacter increased yield and improved physiological properties (N,
Fe, Chl, Car, Pro, GB content and nitrate reductase activity was measured in comparison with control) and morphological properties such as
tillering and biomass.

P-906
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The interaction between the arbuscular mycorrhizal fungus Gigaspora margarita and its endobacterium: a
molecular analysis
Salvioli Alessandra, Lanfranco Luisa, Chiapello Marco, Bonfante Paola

Università degli Studi di Torino Dipartimento di Biologia Vegetale viale P. A. Mattioli n°25 10125 Torino, Italy
Arbuscular mycorrhizal (AM) fungi colonize the root cortex of the majority of land plants, supplying them with nutrients, and conferring resis-
tance against biotic and abiotic stresses. In addition, they offer the best known example of an association between fungi and bacteria. The
spores of the AM fungus G. margarita seem to be a specialized niche for rod-shaped bacteria which have also been consistently found in
many other Gigasporaceae. Recently we have shown that the isolate BEG 34 of Gigaspora margarita hosts a homogenous population of
bacteria that is vertically transmitted through fungal generations. The bacteria have been grouped into a new taxon, named Candidatus
Glomeribacter gigasporarum. The status of uncultivable microbe and its small genome strongly suggest that Ca. Glomeribacter gigaspora-
rum is an obligate endosymbiont (Lumini et al., 2006). Recently we reported how a protocol based on the use of successive in vitro single-
spore inocula caused a dilution of the microbial population, eventually leading to bacteria-cured spores. Morphological analyses and mycor-
rhizal experiments showed that the cured line is a stable variant of the original one, showing clear-cut morphological differences and impor-
tant changes in the growth of the germinating mycelium (Lumini et al., 2007).
To understand the impact of the endobacterium on its fungal host, different molecular approaches were applied, comparing the two fungal
populations in presence and absence of the bacterial symbiont. Thus, transcriptome, proteome and lipid profile from the two spores lines
were compared. RNA was extracted from germinating spores with and without endosymbionts and used to construct a suppression subtrac-
tive hybridization cDNA library. A number of differentially expressed genes were identified. For the proteomic analysis, proteins from both the
fungal lines were extracted and analyzed by two-dimensional gel electrophoresis. Several spots representing putative differentially expres-
sed proteins were detected. Finally, fatty acids and sterols profiles from both the fungal lines were analyzed using chromatography techni-
ques, in collaboration with Anne Grandmougin-Ferjani (University of Calais, France).
Interesting correlations were obtained from these analyses. They underline the meaning of lipid metabolism for the fungal development, and
the possible impact of the endobacteria on some aspects of the fungal physiology, as mRNA modulation and protein turnover.

P-838

Mycorrhizal specificity in green Mediterranean orchids of open habitat
Segreto Rossana1, Cafasso Donata2, Liebel Heiko3, Boyer Luca1, Cozzolino Salvatore4, Gebauer Gerhard3, Girlanda Mariangela1, Perotto Silvia1

1 Department of Plant Biology, University of Turin, Turin, Italy
2 Department of Structural and Functional Biology, University of Naples, Naples, Italy
3 Laboratory of Isotope Biogeochemistry, Bayreuth Center of Ecology and Environmental Research, University of Bayreuth, 95440 Bayreuth, Germany
4 Department of Biological Sciences, University of Naples, Naples, Italy

In the first stages of their development, all orchids share a heterotrophic phase and rely on symbiotic fungi for C supply (mycoheterotrophy).
Some orchids remain aclorophyllous also in the adult phase and they are highly specialized exploiters of ectomycorrhizal (ECM) symbiosis.
Most orchid species become green, but the diversity of the fungal symbionts and their functional role in plant nutrition remain to be unders-
tood. For green orchids with reduced photosynthetic efficiency, such as forest species thriving in woodland shade, it has been suggested
that the fungus may, at least in part, subsidize the host plant with nutrients that include organic carbon. Such green forest orchids exhibit a
diverse range of mycorrhizal specificity, supporting the idea of a correlation between actual photosynthetic efficiency (and hence dependency
on external, fungus -derived C) and mycorrhizal diversity. By contrast, little is known on the diversity and functional role of mycorrhizal fungi
in fully photosynthetic orchids living in open habitats, and previous studies on green orchids were mainly based on classical isolation
methods. Both culture-dependent and PCR-based methods were therefore used to identify fungal partners of meadow orchid species in
Mediterranean habitats (Serapias vomeracea, Ophrys fuciflora, Orchis purpurea and Anacamptis laxiflora). In order to elucidate the functio-
nal role of  these fungal symbionts in orchid nutrition and the possible gain of nutrients from fungi, stable isotope analyses were applied to
the same orchid species. In all species examined, individual plants were found to be colonized by either Ceratobasidium, Tulasnella and/or
Sebacina species, showing different degrees of mycorrhizal specificity. In several cases, fungal sequences obtained from ectomycorrhizal
roots were found as sister-groups of sequences from green orchid mycorrhizal symbionts, suggesting early appearance, during orchid evo-
lution, of the capacity of establishing symbiosis with fungi capable of association with ectomycorrhizal plants.

P-805

Arbuscular mycorrhizal fungi colonizing halophytic and glycophytic plants in Iran
Khara Jalil

Urmia University Biology Dept. of Biology, Urmia University, Urmia, Iran 57198 Urmia West Azerbaijan Iran
Arbuscular mycorrhizal fungi (AMF), mostly Glomus spp., colonize halophytic plants in salt marshes on four islands in a hypersaline lake in
Iran (Lake Urmia National Park). The AMF infected 3 and 1 halophytic species, respectively, belonging to the Chenopodiaceae and Poaceae.
Although the majority of the samples of halophytic species had only intraradical hyphae, fungal structures occupied between 0.7 to 7.7% of
the length of the halophytic plant roots. AMF were more abundant on the 8 species of salt-intolerant plants (glycophytes) and occupied from
26 to 86% of the length of their roots. Spores of AMF were present in numbers ranging from 5 to 38 g-1 in the rhizosphere soils and from 4
to 15 g-1 in non-rhizosphere soils associated with the AMF-infected halophytes. In the rhizosphere soils of the AMF-infected glycophytes the
numbers of AMF spore ranged from 20 to 49 g-1 but where non-mycorrhizal glycophytes grew the range was only from 1 to 8 AMF spores
g-1 rhizosphere soil. In the non-rhizosphere soils of the AMF-infected glycophytes spore numbers were from 20 to 38 g-1. Soil salinity values
(electrical conductivity as dS m-1) in the soils bearing glycophytes and halophytes, respectively, varied between 0.9 to 3.0 and 9.0 to 47.

P-944
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Nodular diagnosis for integrated improvement of symbiotic nitrogen fixation and its rhizospheric interactions.
Drevon Jean-Jacques1, Gugliemni Sylvia2, Boyer Gilles3, Lafosse-Bernard Elodie4, Pernot Catherine1, Vailhé Hélène1

1 INRA-Montpellier SupAgro, UMR 1222 Biogéochimie du Sol et de la Rhizosphère, Place Viala F-34060 Montpellier Hérault France
2 CT Montpellier-Supagro, France
3 Chambre d’Agriculture, Catelnaudary, France
4 CIVAM-Bio, Montpellier, France

The nodular diagnosis consists in measuring the nodulation of a legume in an area of production, and relate it to the environment, especially
edaphic. It links with the impact of the nodulated-root and its rhizosphere, on the soil fertility and the growth and subsequent yield of the
legume. Its objective is to assess the spatial variation in the expression of the legume potential in rhizobial symbiosis, and to search for local
soil factors that limit this symbiosis. The sampling of the field sites where measurements are performed is based on the participation of far-
mers. Results will be shown for the nodulation of common bean in various agro-ecosystems of Mediterranean areas under various agrono-
mic practices, including organic farming. The relation of the nodular diagnosis with rhizospheric mechanisms will be illustrated with the par-
ticipatory assessment of recombinant inbred lines contrasting for their efficiency in use of phosphorus for symbiotic nitrogen fixation. It will
be concluded about the contribution of the nodular diagnosis to an integrated approach to improve symbiotic nitrogen fixation and the rela-
ted rhizospheric mechanisms involved in P bioavailability under osmotic constrains in Mediterranean areas like in the previous Fysame and
on-going Aquarhiz project of the EU-INCOMED program.

P-935

Ectomycorrhization of Pinus pinaster seedlings under controlled and no controlled conditions: Efficiency of
commercial inoculum
Iglesias-Díaz M. Isabel, Lamosa-Quinteiro Santiago, Sainz-Osés M.Jesús

Universidad de Santiago de Compostela Producción Vegetal Escuela Politécnica Superior, Campus Universitario 27002 Lugo Lugo Spain

The effect of commercial ectomycorrhizal inoculum on container-grown Pinus pinaster seedlings was tested. Trials were established in April
from seeds of Pinus pinaster with three different systems: 1.sowing on pasteurized substrate, inoculation and container-grown in a growth
chamber; 2. sowing on unpasteurized substrate, inoculation and container-grown in a glasshouse; 3. sowing and inoculation as system 1
and after three months from inoculation the trials were transferred to glasshouse. The substrate consisted of Sphagnum peat, pine bark and
coarse sand. The commercial inoculum was composed by Pisolithus tinctorius, Scleroderma verrucosum and Rhizopogon roseolus spores.
The inoculum was prepared by mixing powder form in distilled water an applied by irrigation in three different moments: at sowing (I0), one
months after sowing (I1) and three months after sowing (I3). A treatment of non inoculated plants (C) was also considered in all systems.
The variables of length (L), diameter of the stem (D), dry matter of canopy (DMC), dry matter of root system (DMR), mycorrhization percen-
tage (M) and presence of morphotypes were assayed in a random selection of 9-12 plants per treatment. The dates of harvesting were 6
and 9 months after inoculation in each treatment (I0, I1, I3) and system. Non-inoculated plants (C) were also assayed to compare at all dates. 
The commercial inoculum was effective in all systems and significant differences were observed between inoculated and no-inoculated
plants. However the results depended of growth conditions and significant interactions were detected between systems and inoculation treat-
ments. Five different morphotypes were identified but two of them were recorded only on inoculated plants in all systems. An high sponta-
neous contamination by ECM fungus (Telephora terrestris) occurred on non-inoculated plants growing in the glasshouse. In the growth cham-
ber only inoculated plants showed high levels of mycorrhizal infection accomplished with higher values of D and DMC, and lower values of
DMR than those observed on C. The length was similar in mycorrhizal and non-mycorrhizal plants and it was principally influenced by envi-
ronmental conditions. The higher averages values of DMC and M (80%) were observed in system 3. These results point to the importance
of controlled conditions on ectomycorrhizal seedling production in order to obtain benefits from a particular inoculum.

P-874

Influence of various insoluble P sources on rhizosphere pH
Miao Shujie, Han Xiaozeng, Qiao Yunfa

Northeast Institute of Geography and Agro-Ecology Harbin Haping road NO.138 150081 Harbin Heilongjiang Provinc Hong Kong
Though many soils have large reserves of total Phosphorus (P), P is one of the least available mineral nutrients to the plants in many crop-
ping conditions. This is because P forms sparingly soluble iron and aluminum phosphates in acid soils, calcium phosphates in alkaline soils.
The potential effect on rhizosphere acidification of various insoluble P sources is not well understood. This study evaluated the influence of
four insoluble P sources (FePO4, AlPO4, Ca-P (hydroxyapatite) and NaH2PO4 as P-sufficient control) on rhizosphere pH in 15 genotypes (5
genotypes from strongly acid red soils; 5 genotypes from alkaline soils and 5 genotypes from mildly acid to neutral soils). When supplying
Ca-P source to 15 soybean genotypes, the rhizosphere pH among all genotypes had a significant difference. Comparing the mean pH for
the 5 soybean genotypes from same local origin, the rhizosphere pH of northeast was biggest, which was 6.17, then south was 6.01, the
lowest was northwest, 5.81. Statistics showed that genotypes significantly influenced the rhizosphere pH. The changes of pH were correc-
ted with amount of Ca-P uptake. The greater the Ca-P uptake, the greater the cation content in plant tissues. Thus many H+-ions were relea-
sed into the rhizosphere, resulting in decreased pH. Under Fe-P supply, northeast genotypes yielded a pH of 6.24, 6.30 for the northwest
and 5.96 for the south. When Al-P was supplied, the rhizosphere pH was 5.93 for the northeast genotypes, 5.95 for the northwest and 5.78
for the south. When Na-P was supplied, the rhizosphere pH was 6.40 for the northeast genotypes, 6.30 for the northwest and 6.27 for the
south. However, irrespective of P source, rhizosphere pH was south > northwest > northeast under same local origin genotypes. This is
because genotypes adapted to their environment for a long time. To compare the P sources, rhizosphere pH increased for Al-P, Ca-P, Fe-P
and Na-P, irrespective of genotype from local origin.

P-980
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Study of the mechanisms of interaction between lectins of the nitrogen fixing soil bacterium Azospirillum bra-
silense and hydrolytic enzymes
Alen'kina Swetlana, Nikitina Valentina

Institute of Biochemistry and Physiology of Plants 13 Pr. Entuziastov 410049 Saratov Russia
Azospirilla are widely distributed plant-growth-promoting bacteria (PGPB) that enhance the development of many important crop and non-
crop plants. In PGPB, the cell-surface lectins are still not clearly understood. Previously, we showed that Azospirillum lectins not only are
involved in ensuring specific attachment of bacterial cells to the host-plant roots [1] but also are able to modify the activities of α-glucosi-
dase, β-glucosidase, and β-galactosidase in three seedling-root fractions obtained from the wheat cultivar Saratovskaya 29 - the exocom-
ponent fraction, the membrane fraction, and the apoplast fraction [2].
We studied in detail the mechanism of interaction between the Azospirilla lectins and the hydrolytic enzymes by using a model system inclu-
ding lectins of A. brasilense Sp7 and its mutant in lectin activity Sp7.2.3 (with carbohydrate specificity towards L-fucose and D-galactose)
and a commercial β-glucosidase preparation (sweet almonds). Using a dot assay on nitrocellulose membranes, we showed the formation of
lectin-â-glucosidase complexes. The inhibitory effect of the lectins decreased when they were chemically modified with 2,3-butanedione, die-
thyl pyrocarbonate, and 2,4-pentanedione. This fact allowed us to conclude that the lysine, histidine, and arginine residues present in the
lectin molecules are functionally important for the inhibition of β-glucosidase activity. The strains were concluded to differ only in the degree
of influence of the modifying agents. 
[1] Nikitina VE, Alen’kina SA, Ponomareva EG, Savenkova NN (1996) Role of lectins of the cell surface of azospirilla in association with wheat
roots [in Russian, with English summary]. Microbiologiya 65:165-170.
[2] Alen’kina SA, Payusova OA, Nikitina VE (2006) Effect of Azospirillum lectins on the activities of wheat-root hydrolytic enzymes. Plant and
Soil 283:147-151.
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Effects of the inoculation with Glomus intraradices on maize growth and P availability in the mycorrhizosphere
Cozzolino Vincenza, Di Meo Vincenzo

Facoltà di Agraria DiSSPAPA Via Università 100 80055 Portici Naples Italy
The use of arbuscular mycorrhizal fungi (AMF) may help to reduce chemical fertilizer inputs and sustain plant productivity in agriculture; par-
ticularly, emphasis has been put on the introduction of isolates which differ in their ability to stimulate plant growth in natural soils in the pre-
sence of indigenous fungi. Since AMF remarkably contribute to plant health and nutrition, in the rhizosphere of mycorrhizal plant, greater soil
volumes that extend to the environment surrounding the mycorrhizal mycelium (mycorrhizosphere) could be affected by specific chemical
modifications.
The present study was conducted under field conditions to assess the effectiveness of the introduced AMF Glomus intraradices on growth,
P and Ca uptake of corn plants fertilized with organic and inorganic P and to verify if indigenous fungi and introduced G. intraradices were
different in their capability to modify P and Ca availability, in an alkaline soil (pH 8.5), under conditions of limited P (10 mg kg-1, Olsen) and
Ca abundance, during the growing season. Soil (bulk and rhizosphere soil) and plant (leaves, root and grain) samples were collected at 40,
80 and 120 days after sowing (DAS).
The inoculation with G. intraradices increased plant growth and grain yield in both fertilizer treatments. Inoculation produced more root colo-
nization than in the indigenous root colonized controls, particularly in organic P fertilized plants at all sampling dates. Olsen P was higher at
80 DAS in all treatments. Higher values were found in inoculated and fertilized plots, especially in P organic fertilized plots. Only at 40 DAS,
differences between P concentrations in rhizosphere and bulk soil were ascertained. In fact, in inoculated and organic P fertilized plots, P
concentrations were significantly higher in rhizosphere soil compared to bulk soil, whereas in inoculated and inorganic P fertilized plots a
slight depletion was observed in rhizosphere soil with respect to bulk soil. No differences were found in unfertilized plots. Soil exchangeable
Ca did not differ significantly between rhizosphere and bulk soil in all sampling and treatments. At 80 DAS, only in inoculated plots, was a
significant increase in exchangeable Ca noted in rhizosphere and bulk soil, possibly due to the better efficiency of the introduced fungus for
mobilizing P from the P-minerals as Ca phosphates. P and Ca contents of the leaves and grain increased with inoculation in both fertilizer
treatments.
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Ecological Significance and potential applications of rhizo-cyanobacteria in rice-wheat cropping system
Prasanna Radha1, Sood Anjuli1, Jaiswal Pranita1, Nayak Saswati1, Ancha Radhika2, Tripathi Ravindramani2, Gupta Vishal2, Srikrishna Jadhav2, Lata2,
Kaushik Brahma.D.2

1 IARI CCUBGA & Division of Microbiology CCUBGA, IARI,New Delhi 110012 New Delhi India
2 Division Of Microbiology,Indian Agricultural Research Institute,New Delhi 110012

Cyanobacteria are globally important primary producers, which exhibit a worldwide distribution in diverse ecosystems and have been an inte-
gral part of our planet’s history. The floating assemblages of free-living cyanobacteria have been the focus of attention in most investigations
and the rhizosphere is less investigated in this context. Although cyanobacterial associations with plants are known to involve a mutual
exchange of nutrients, beyond serving as models for investigating the steps involved in inter/intra cellular relationships, research findings
have yet to be extended from laboratory to field level.
Our efforts have been to understand the nature of associations of rhizo-cyanobacteria with roots of rice and wheat plants, through bioche-
mical and molecular characterization of the strains and metabolites produced, as a prelude to the development of efficient plant growth pro-
moting associations and biocontrol agents against phytopathogenic fungi.
At the CCUBGA and Division of Microbiology, IARI, (New Delhi, India), we have been analyzing the diversity and abundance of cyanobac-
teria in the rhizosphere of diverse rice and wheat varieties. Cyanobacterial strains belonging to the genera Nostoc and Anabaena compri-
sed 80% of the rhizosphere isolates, a majority of which were able to significantly promote the germination of rice/wheat in hydroponics expe-
riments. DNA fingerprinting of the rhizo-cyanobacterial isolates using an extended Hip primer-Hip TG revealed tremendous diversity and uni-
que profiles which can be helpful in reliable detection, when used as inoculants in the future. Electron microscopic investigations revealed
that some cyanobacterial strains (Calothrix sp. and Nostoc sp.) form inter and intracellular associations, which can prove valuable in impro-
ving the effectiveness and establishment of cyanobacterial biofertilizers in rice-wheat cropping systems. These strains proved to be valua-
ble sources of bioactive molecules, including UV absorbing compounds, IAA-like compounds and antibacterial/ antifungal compounds. For
the first time, the activity of hydrolytic enzymes- chitinase, xylanase was recorded in cyanobacterial strains that may be responsible for their
biocidal, especially fungicidal properties. In-depth analyses into the nature of the novel molecules may provide “new roles” for cyanobacte-
ria in the rhizosphere.

P-395

White clover living mulch improves the phosphorus (P) nutrition of corn in Andisols via arbuscular mycorrhi-
zal (AM) fungus colonization
Deguchi Shin1, Shimazaki Yumi1, Uozumi Sunao1, Tawaraya Keitaro2

1 National Agricultural Research Center for Tohoku R 4 Akahira, Shimo-kuriyagawa 020-0198 Morioka Japan
2 Yamagata University

The living mulch system is a management technique in which the cover crop is planted before a main crop, and remains alive during the gro-
wing season of the crop. In certain cases, the living mulch system does not require the use of chemical herbicides to suppress weeds. In
Andisols, we found that the phenomenon of phosphorus (P) deficiency of corn was suppressed when the living mulch with white clover was
used without P fertilization. This result may suggest that the living mulch promoted the P uptake by corn. However, few studies have repor-
ted the relationship between the living mulch and the P nutrition of corn. The objective of this research was to study the effect of the living
mulch on the P nutrition and yield of corn. We conducted the field experiment to investigate the yield of corn, and the AM fungus coloniza-
tion of the corn roots with the living mulch.
We established the following six treatments: two living mulch treatments without P application, with the white clover sown in August 2004
and in March 2005 (hereafter referred as summer living mulch and spring living mulch, respectively); and four rotary tillage treatments with
different P application rates (0, 500, 1000, 2000 kg P2O5 ha-1). In June 2005, the white clover shoots in both the living mulch treatments were
clipped and allowed to remain in place. After tilling the four rotary tillage treatments, corn was sown in all the treatments. 
The growth of corn at early stage in both the living mulch treatments was more vigorous than that in other treatments. At knee height stage,
the AM fungus colonization and the P concentrations of the corn in both the living mulch treatments were increased relative to those in the
other treatments. The yield of corn in the summer living mulch treatments was not significantly different from the maximum yield among the
rotary tillage treatments. The yield of corn in the spring living mulch treatments was higher than that in the rotary tillage treatment without P
application. These results suggested that the living mulch system increased the yield of corn by promoting the AM fungus colonization and
improving the P nutrition. Moreover, the effect of living mulch system may depend on the time of sowing white clover. We consider that P
application rate could be reduced by living mulch.

P-1010



Occurrence of diverse nifH sequences but absence of metabolically active nitrogen fixing bacteria in the rhi-
zosphere and roots of the drought-affected Lasiurus sindicus, a perennial desert grass
Paul Chowdhury Soumitra1, Schmid Michael2, Hartmann Anton2, Tripathi Anil1
1 Banaras Hindu University School of Biotechnology Faculty of Science 221005 Varanasi Uttar Pradesh India
2 Department of Microbe-Plant-Interactions, GSF- National Research Center for Environment and Health. D-85764, Neuherberg/Munich,
Germany
Lasiurus sindicus is a highly nutritive, drought-tolerant, perennial grass, endemic to the Thar Desert of Rajasthan, India. In order to find the
diversity of bacteria associated with this grass that had survived a period of drought, 16S-cDNA gene clone libraries were established from
RT-PCR amplified products of the total RNA extracted from the washed roots and rhizosphere soil samples. Eight major bacterial taxa were
identified in a total of 121 16S-cDNA clones. The majority of sequences belonged to Gram-positive bacteria, Actinobacteria being the most
predominant ones, closely followed by Firmicutes. Most of the sequences showed similarity with sequences from cultivated bacteria or uncul-
tivated environmental clones associated with arid, semi-arid environments, cold deserts and contaminated soils. But, the populations of nitro-
gen-fixing bacteria in the dried root samples and rhizosphere were negligible. Our inability to amplify nifH by RT-PCR indicated the absence
of metabolically active nitrogen fixers. However, PCR amplification of nifH using total DNA as template produced a total of 48 nifH clones
from the rhizosphere soil and root samples and revealed a predominance of nifH sequences closely affiliated to Pseudomonas pseudoalca-
ligenes. Occurrence of nifH sequences showing similarity to that from Azospirillum, Rhizobium, Pseudomonas and Herbaspirillum suggests
that L. sindicus harbors bacteria with potential for nitrogen fixation.
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The interaction between Rhizobium and common bean genotypes: grain yield and nitrogen fixation in limed
and unlimed acid Acrisol from Cuba
Garcia Aurelio1, Hernandez Germán1, Dueñas Graciela1, Mendez Nancy1, Herrero Grisel2, Reyes Jorge Luis3

1 La Renée, Instituto de suelos Departamento de Fertilidad del Suelo y Nutrición d Autopista Costa-Costa y Ant. Carretera de Vento, C CP-10800
Habana Habana Cuba
2 Instituto de Ecología y Sistemática
3 Instituto de Forestales

The interaction of the 6bIII Rhizobium strain inoculated on BAT 58, BAT 304, BAT 477, DOR 364, DOR 390, Judía Roja Camagüeyana (JRC)
and Censa common bean genotypes - grown in a limed and unlimed acid Acrisol from Cuba - was evaluated in a field experiment. The varia-
bles evaluated were grain yield and biological nitrogen fixation (BNF) using the 15N isotope dilution technique (A value approach). NN A285,
a non-nodulating (non-fixing) common bean genotype, was used as reference crop. There were significant differences in grain yield for liming
and genotypes effects. The average grain yield of the bean genotypes in limed soil (1408 kg ha-1) was significantly higher than in unlimed
soil (720 kg ha-1). The average of nitrogen derived from air (%Ndfa) for all genotypes in limed soil was significantly higher (38 %) than in unli-
med soil (27 %). The %Ndfa average of DOR 390 (44 %), DOR 364 (40 %) and BAT 304 (37 %) were superior to those of other bean geno-
types. Although liming increased grain yield and BNF of all common bean genotypes, variability was observed among common bean geno-
types. Some genotypes such as DOR 390 and to some extent DOR 364 showed an intermediate capacity to fix nitrogen from the air in both
unlimed and limed soil. BAT 304, BAT 58 and DOR 390 had high grain yields and intermediate nitrogen fixation capacity. 

P-964

Performance of Cd-resistant rhizobacteria to improve Brassica napus growth under cadmium stress
Dell'Amico Elena, Cavalca Lucia, Andreoni Vincenza

University of Milan Department of Food Science and Microbiology Via Celoria 2, 20144 Milano Mi, Italy
Cadmium is one of the most toxic heavy metal for plants, inhibiting root and shoot growth and affecting nutrient uptake and homeostasis.
Plant growth promoting rhizobacteria (PGPR) can improve plant nutrition and growth, competitiveness and responses to external stress fac-
tors.
The plant growth promoting activity of four cadmium-resistant rhizobacteria (Pseudomonas tolaasii ACC23, Pseudomonas fluorescens
ACC9, Alcaligenes sp. ZN4 and Mycobacterium sp. ACC14) with multiple PGP traits was assessed on canola (Brassica napus) in presence
and in absence of Cd. The considered PGP traits were the production of indole acetic acid (IAA) and siderophores and the capability of
consuming 1-aminocyclopropane-1-carboxylate (ACC), the immediate precursor of ethylene. All the studied strains had in vitro ACC deami-
nase (ACCD) activity. The strains produced IAA and siderophores more actively under Cd-stress and the ACCD activity of only two strains
was reduced by the metal. Root elongation assay conducted on B. napus under gnotobiotic conditions demonstrated significant increases
in root elongation of inoculated canola seedlings grown in the presence or in the absence of cadmium (from 21 to 104% and from 34 to 97%,
respectively ) compared to g Cd2+ the control plants. The pot culture experiment with treated (15 g-1 dw) and un-treated soil clearly demons-
trated the beneficial effects of the inoculations with P. tolaasii ACC23, P. fluorescens ACC9 and Mycobacterium sp. ACC14. 
The PGPR protected plants from growth inhibition caused by the metal, as demonstrated by dry-weight biomass data, without influencing
the specific accumulation of cadmium in root and shoot systems. However, total Cd uptake per plant significantly increased, thus resulting
in a higher metal removal. In particular, the maximum growth and Cd uptake were obtained with P. tolaasii ACC23 and P. fluorescens ACC9. 
The isolated bacteria c as inoculants to improve B. napus growth in the presence of toxic concentration of cadmium. Field experiment will
confirm the PREP activity of the strains on plant growth in order to stabilize, revegetate and remediate metal-polluted soils.

P-521
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Influence of the ratio of ammonium to nitrate on uptake of phosphorus from rock phosphate in Cowpea (Vigna
unguiculata (L.) Walp.) inoculated with mycorrhiza fungi (Glomus sp.)
Ngwene Benard, Neumann Elke, Claussen Winfred , George Eckhard

Institute of Vegetable and Ornamental Crops (IGZ), Plant Nutrition Theodor-Echtermeyer-Weg 1, 14979 Großbeeren Germany
The roots of most crop plant species can become colonized by symbiotic arbuscular mycorrhizal fungi (AMF). It is well known that a high
rate of AMF root colonization can help plants to efficiently utilize small amounts of applied mineral fertilizer, whereas increasing levels of phos-
phorus (P) and nitrogen (N) fertilization generally decrease the abundance of AMF in roots and soil. However, not much is known about the
effect of different forms of N and P fertilizer on AMF development and the contribution of the symbiosis to plant P uptake and plant growth.
In this experiment, we therefore studied the effects of N speciation and application of P as rock-P or soluble P on growth and P uptake of
AMF inoculated and non-inoculated cowpea plants. 
Cowpea plants were grown in a 1:1 mixture of fine and coarse quartz sand in 12–L polyethylene pots that allowed free drainage from the
bottom and fertilized with a modified Haogland´s solution. The three factorial pot experiment consisted of two NH4-N: NO3-N supply ratios
(10:90 and 50:50), treatments with or without AMF, and three P fertilization treatments (low soluble P, SPL; high soluble P, SPH; and SPL
supplied with additional rock-P, RP). 
In the (50:50)-treatment, nutrient solution draining from the bottom of the pots had a lower pH compared with (10:90)-treatment, but AMF
inoculation or different P fertilization treatments had no effect. In the (10:90)-treatment, SPH plants showed a superior growth and higher leaf
P concentrations compared to the SPL and RP treatments. When more NH4

+ was supplied (50:50), RP plants produced as much dry matter
as SPH plants, and leaf P concentrations were increased approximately three fold compared with corresponding (10:90) RP plants.
Rhizosphere pH decrease in response to an increasing uptake of NH4

+ by the plants apparently improved dissolution of rock-P and thus plant
P availability. 
The AMF colonized root length was generally lower for (50:50) compared with (10:90) treatments, but this effect was less pronounced in RP
compared with SPL plants. 
A contribution of mycorrhiza inoculation to plant growth was only observed in (10:90) plants supplied with SPL or RP, but not in any other
treatment. The fact that mycorrhizal (10:90) SPL and RP plants did not differ in their dry weight or leaf P concentration, suggests that AMF
did not contribute to P uptake from rock P.

P-606

Mycorrhizal inoculation at the rooting stage improves growth of C. japonica cultivars in high and slightly acid
substrates
Sainz María J.1, Vela Pilar2, Salinero Carmen2

1 Universidad de Santiago de Compostela Producción Vegetal Campus Universitario s/n 27002 Lugo Spain
2 Estación Fitopatolóxica do Areeiro, Excma. Diputación Provincial de Pontevedra, Subida a la Robleda s/n, 36153 Pontevedra, Spain.
Camellias are known to grow best in highly acidic soils. The optimal soil pH range is considered to be between 4.5 and 5.5, although no
study has dealt with differences in soil pH requirements either among camellia species or cultivars within species. For camellia plant produc-
tion, nurseries use substrates based on mixtures of composted pine bark and peat, that have acidic pH. When sold for gardening and land-
scaping, camellia plants can be transplanted to the same substrates or soils equally acid, or to soils with pH higher than 5.5 due either to
natural soil characteristics or to soil liming. Arbuscular mycorrhizal (AM) fungi can improve plant tolerance to abiotic stress, and might play
an important role in the growth of ornamental camellias in substrates with unoptimal pH. We have studied the growth response of three
camellia cultivars to two levels of substrate acidity as affected by AM fungal inoculation at the rooting stage.
Cuttings of Camellia japonica cv. Cidade de Vigo and the hybrid cultivars Rosalía de Castro (C. japonica x C. reticulata) and Mary Phoebe
Taylor (C. japonica x C. saluenensis) were inserted in three rooting beds of sterile peat:perlite: one inoculated with Glomus mosseae, ano-
ther with G. intraradices, and the third not inoculated. Well-rooted plants of each bed and camellia cultivar were transplanted to pots filled
with perlite and either peat (pH 4) or peat (pH 6), fertilized with a slow-release NPK fertilizer, and allowed to grow in an outdoor area under
a polyethylene fabric for two years. 
In the first year, a significant growth decrease was observed in not AM-inoculated cultivars Cidade de Vigo and Mary Phoebe Taylor in the
substrate with pH 6 peat respect to the one with pH 4 peat. This effect persisted in the second year, more marked in the case of Cidade de
Vigo plants. The inoculation of AM fungi at the rooting stage, especially G. mosseae, significantly increased plant height, stem diameter, and
formation of shoots and leaves of these two cultivars respect to the uninoculated controls, helping plants to overcome the negative growth
effects of pH 6 substrate. Plants not AM-inoculated of cultivar Rosalía de Castro showed a fairly good tolerance to different substrate pH, the
inoculation of G. mosseae resulting in improved growth for this cultivar particularly at pH 4, whereas G. intraradices was not effective.
This research was funded by Xunta de Galicia (grant PGIDIT06RAG26103PR).
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Burkholderia, a genus rich in plant-associated ACC deaminase-expressing species
Onofre Janette, Caballero-Mellado Jesus

Centro de ciencias Genomicas UNAM Ecologia Genomica Av. Universidad S/N col. Chamilpa 565-A Cuernavaca Morelos Mexico
1-aminocyclopropane-1-carboxylate (ACC) deaminase activity has recently been proposed as a novel bacterial mechanism of plant growth
promotion. This enzyme can cleave the ethylene precursor ACC to a-ketobutirate and ammonium and thereby lower ethylene levels in deve-
loping or stressed plants. The presence of ACC deaminase has been screened in various plant growth promoting rhizobacteria, belonging
to genus like Pseudomonas, Enterobacter, Variovorax, Alcaligenes, Bacillus, Rhizobium, Azospirillum, Kluyvera, Achromobacter and
Methylobacterium. However, the complete functional genes encoding this enzyme and the corresponding studies with mutants have been
reported in a few strains. In the present work, the ACC deaminase activity is presented, as well as complete sequences of the ACC deami-
nase gene (acdS) in 20 diazotrophic and non-fixing representative Burkholderia species. The obtained sequences are highly conserved in
the genus, showing identities between 76-99% at nucleotide level. It was observed that the ACC deaminase activity varies according to the
analyzed species and the expression levels range from 8.6 to 67.5 µmoles of a-ketobutirate/mg protein/hr. In addition, the complete acdS
gene and its regulatory sequences of Burkholderia unamae MTl-641T was obtained, being this latter a plant growth promoting bacterium.
The analysis of the upstream DNA sequence suggests that the acdS gene could be regulated by an LRP (Leucine responsive regulatory pro-
tein) which is located in the opposite direction of its ORF. For knowing the effect of the ACC deaminase in tomato plant growth, a knockout
mutant was constructed by using the gene disruption method. Then, tomato plants were inoculated with the wild-type and the mutant (acdS-
) strains under gnotobiotic conditions and after 25 days of growth, the plants were stressed with salt or flooding. The monitored parameters
included shoot and root dry weight, chlorophyll content and root elongation. The results showed significant differences in the dry weight of
roots and shoots between the wild-type and mutant (acdS-) strains. Furthermore, it was observed that the chlorophyll content was higher in
plants inoculated with both strains. Although ACC deaminase seems to be involved in plant growth promotion, it varies depending on the
plant growth conditions. Based on these data, by means of transcriptional fusions, the ACC deaminase expression in association with plants
growing under a variety of conditions is being assessed.

P-909

Burkholderia an endophytic bacteria of teocinte (Zea mexicana sp mexicana L.)
Sanchez-Yañez Juan Manuel, Cardenas R Raul, Farias R Rodolfo, Villegas M Javier

Universidad Michaoacana deSan Nicolas de Hidalgo Instituto de Investigaciones Quimico Biologicas Ed- B-1 Ciudad Universitaria, Calle Fco
J Mujica 58330 Morelia Michoacan Mexico
Teocinte is a wild graminacea living in some areas of Mexico, and regarded as the ancester that by domestication/evolution gave maize. It
is reported that endophytic bacteria are related with health and plant growth in several environmental conditions. The aims of this research
were (i) to analyze the distribution of Burkholderia in teocinte and (ii) the response of maize to inoculation with Burkholderia. 
Teocinte growing in wild areas of Michocacan State, México were collected and used as source of endophytic Burkholderia isolated by spe-
cific technique for this type of bacteria. Some of the isolates were inoculated on seed of maize fed with nutrient solution with half strength
nitrogen supplied as urea in sandy/sterile soil under greenhouse conditions, where dry and fresh weight were measured to compare with
same plant without bacteria fed with full strength nutrient solution. Data from experiments were tested by Tukey´s test.
Results indicated that teocinte growing in this part of Mexico has Burkholderia as the main bacterial group, located in stems, leaves, root,
including seeds. Burkholderia so far was concentrated on the root system, from this part of plant we selected some isolated that caused
effects like the common plant promoting growing bacteria on maize inoculated, compared to maize control without bacteria.
We partially concluded that there are some specific relationship among some endopythic Burkholderia and teocinte. Further research along
this idea is in progress and according with the maize response to this specific bacteria which could be regarded as beneficial for plant spe-
cies such as maize.

P-955
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Regulation of the 1-aminocyclopropane-1-carboxylate (ACC) deaminase gene acdS in the PGPR Azospirillum
lipoferum 4B and its phenotypic variant 4VI
Prigent-Combaret Claire, Blaha Didier, Pothier Joël F., Bertrand Cédric, Vial Ludovic, Wisniewski-Dyé Florence, Moënne-Loccoz Yvan,
Combes-Meynet Emeline
UMR CNRS 5557 Microbial Ecology 43 bd du 11 novembre 1918 69622 Villeurbanne France
Plant growth-promoting rhizobacteria (PGPR) benefit the plant via a variety of mechanisms including biological control of root phytopatho-
gens, associative nitrogen fixation, and modulation of the plant hormonal balance. For the latter, this can involve bacterial deamination by
AcdS of the ethylene precursor ACC. Recently, we have evidenced acdS in certain Azospirillum such as A. lipoferum 4B. Here, factors modu-
lating acdS expression in A. lipoferum 4B were investigated by monitoring acdS transcription and ACC deaminase activity under various in
vitro conditions. Sequence analyses of upstream ORF and promoter region of acdS evidenced a regulator named acdR, which is an homo-
log to leucine-responsive regulator lrp, as well as potential Lrp, CRP (cAMP receptor protein) and FNR (fumarate-nitrate reduction regulator)
binding sites. Therefore, acdS transcription and ACC deaminase activity of A. lipoferum 4B were assessed by RT-PCR, colorimetric assays
or HPLC analyses, in response to Lrp effectors (LRP regulation), glucose (CRP regulation) and oxygen-limited conditions (FNR regulation).
Results point to the involvement of Lrp- and FNR-like transcriptional up-regulation of acdS in A. lipoferum 4B. A. lipoferum 4B generates at
high frequencies a phenotypic variant, named 4VI, exhibiting phenotypic and genomic alterations. In the variant 4VI, no ACC deaminase acti-
vity could be detected. The acdS gene is in fact lost during phenotypic variation, whereas other phytobeneficial genes (nifH, ipdC) are main-
tained. To our knowledge, this is the first report of the elimination of a phytobeneficial gene during phenotypic variation and further work will
be needed to characterize the ecological significance of this new type of regulation of phytobeneficial gene expression.

P-1006

Characterization and mobilization of carbon storage compounds in the ectomycorrhizal fungus Pisolithus sp.
Campos André12, Costa Mauricio Dutra2

1 INRA - Nancy 10, Rue des Chaligny 54000 Nancy France
2 Departamento de Microbiologia - Universidade Federal de Viçosa/BRASIL

The in vitro germination percentages of Pisolithus sp. spores range from 0.001 to 0.038% in the presence of the host’s roots. Knowledge on
basidiospore formation is fundamental to understand why germination rates in this important ectomycorrhizal genus are so low and thus find
ways to overcome this problem. In previous works, several compounds thought to be released by the host in the rhizosphere were shown to
stimulate spore germination. However, little is known about their effect on the mobilization of storage compounds present in the spores. The
objective of this work was to detect by cytochemical analyses the presence of reducing sugars, glycogen, starch, fatty acids, phenolic com-
pounds, RNA, and proteins in Pisolithus sp. basidia and spores during basidiospore formation and to determine the role of organic acids and
flavonoids in triggering the catabolism of storage compounds during spore germination. Reducing sugars and starch were not detected in
the fungal fruit bodies, while glycogen was abundant in hyphae and young basidia. The presence of phenolic compounds was detected only
in undifferentiated peridioles, while epifluorescence microscopy allowed the detection of RNA distributed in discreet regions in young basi-
dia and mature basidiospores. The presence of proteins was detected in undifferentiated peridioles, in young basidia, and in the cell wall of
mature basidiospores. Fatty acids were conspicuously present in the hyphae, basidia, and mature spores and must constitute the main sto-
rage compounds in Pisolithus sp. Glycogen was shown to be very important during basidiospore formation and is likely to be involved in the
synthesis of the fatty acids reserves. Further work is being conducted to determine how organic compounds released in the rhizosphere of
Eucalyptus grandis trigger spore germination and the mobilization of storage compounds in Pisolithus sp. 

Financial Support: Capes, CNPq, and FAPEMIG.
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The evaluation of effectiveness of Rhizobium sp. in annual legumes
Alsina Ina, Dubova Laila, Steinberga Vilhelmine, Ansevica Anita

Latvia University of Agriculture Institute of Soil and Plant Sciences Liela Str. 2 LV - 3001 Jelgava Latvia
One of the important questions in agriculture is nitrogen assuring and environmental pollution with nitrogen in green and conventional agri-
culture. For resolving the problems, it is necessary to manage the monitoring of nitrogen in the soil and include legumes in the plant rota-
tion. The yield quality and quantity of legumes can increase by pre - sowing seed material inoculating with Rhizobium strains. Bacteria of the
Rhizobium family form root nodules on legumes and developed symbiosis converting the inert form of nitrogen to organic nitrogen and incor-
porated into proteins, nucleic acids and other cellular components. Thereby increasing of yields quality and quantity are assured.
The aim of investigation were for practical use in agriculture of detected more effective Rhizobium leguminosarum and R. lupini strains from
collection of Latvia University of Agriculture, for lupines, peas and field beans. The tasks were to determine plant length, fresh weight, dry
matter, % of dry matter and total nitrogen amount in the dry matter. Experiment was carried out at Institute of Soil and Plant Sciences Latvia
University of Agriculture. Experiment were conducted in 5 L pots with washed river sand, mixed with Kemira GrowHow NPK 0-5-20 and
microelements fertilizer. Nitrogen was added as ammonium nitrate form 0.024 g per 1 kg of sand for inoculated plants and ten times more
(0.24 g kg-1) for the control variant, where plants were not inoculated. For evaluation of strains effectiveness in control variant plant seeds
were not inoculated with Rhizobium sp. strains.
Obtained results showed that plant length depended on plant species. The inoculation of plant seeds promoted plant length till the stage of
bud formation. There were significant differences between Rhizobium strains. The largest dry matter content in plant was observed as a result
of inoculation till the stage of bud formation. The effectiveness of Rhizobium sp. strains were species dependent.
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Oxalate crystal formation induced by ectomycorrhizal fungi in fine lateral roots of Eucalyptus sp.
Dutra Costa Maurício1, Zambrano Gonzalez Jhon Alexander1, Ribeiro da Silva Ivo2, Lima Neves Júlio César2, Félix de Barros Nairam2, Chaer Borges
Arnaldo1

1 Universidade Federal de Viçosa Microbiology Department Dep. Microbiologia/ Campus Universitário UFV 36570-000 Viçosa Minas Gerais Brazil
2 Departamento de Solos, Universidade Federal de Viçosa, Viçosa, MG, Brazil

The accumulation of calcium oxalate crystals (CaOx) was evaluated in fine lateral roots and ectomycorrhizas of Eucalyptus sp. cultivated for
2.5 years in calcium-poor soils typical of Minas Gerais State, Brazil. Approximately 2,100 fine lateral roots and ectomycorrhizas were ran-
domly collected in the study site, diaphanized and analyzed by polarized light microscopy for CaOx visualization. Ectomycorrhizal morpho-
types were analyzed by scanning electron microscopy for the presence of CaOx on the mantle surface. Seventy percent of the total number
of fine lateral roots analyzed, either ectomycorrhizal or not, showed the accumulation of CaOx in the cortex cells as druses or fine granular
deposits. The conspicuous presence of CaOx was observed in 56.2% of the ectomycorrhizas and in 17.5% of the nonmycorrhizal lateral
roots, evidencing the role of the ectomycorrhizal association in the storage of calcium in the roots of Eucalyptus sp. Druses were the predo-
minant CaOx form in ectomycorrhizas, while in nonmycorrhizal roots fine crystalline grains were the most frequent when CaOx were pre-
sent. Ten ectomycorrhizal morphotypes with varied content and types of CaOx in the root cortex were observed in the site under study, sug-
gesting distinct abilities of the ectomycorrhizal fungal species to supply calcium to the host plant and to induce CaOx accumulation. The ana-
lysis of the ectomycorrhizal morphotypes by scanning electron microscopy did not indicate the presence of CaOx on the hyphae of the man-
tle surface, confirming that under the conditions evaluated, the accumulation of CaOx in the association is limited to the root cortex. This is
the first report on the occurrence of CaOx in the roots and ectomycorrhizas of Eucalyptus sp. under the prevalent conditions of Brazilian soils,
suggesting a role for ectomycorrhizal fungi in supplying the high calcium demand of eucalypts, especially in soils with low calcium availabi-
lity.

Financial support: FAPEMIG, CAPES e CNPq
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Cell wall-degrading enzymes involved in the endophytic establishment of rhizospheric nitrogen-fixing bacteria
Robledo Marta1, Jimenez-Zurdo Jose I.2, Velázquez Encarna1, Dazzo Frank3, Martínez-Molina Eustoquio1, Mateos Pedro F.1

1 Universidad de Salamanca Microbiología y genética Doctores de la Reina s/n 37007 Salamanca Salamanca Spain
2 Estación Experimental del Zaidín, CSIC, Granada, SPAIN. 
3 Department of Microbiology and Molecular Genetics, Michigan State University, USA.

Diazotrophic bacteria–plant symbioses are of critical agronomic and environmental importance, allowing crops production in nitrogen-limited
soils without fertilizer supply. Rhizobia grow as free-living organisms but can also induce and colonize root nodules in legume plants thereby
establishing a partnership that benefit both organisms.
Nitrogen-fixing endophytic bacteria can invade their plant hosts though colonization of intercellular epidermal spaces, crack entry at emer-
ging lateral roots or infection of root hairs. The later is the best characterized infection pathway, elicited by a complex molecular dialogue bet-
ween the symbionts.
Hydrolytic enzymes are predicted to have a key role in the primary host infection by rhizobia. In this work, we have addressed the role of rhi-
zobial endoglucanases in root nodule colonization. Previous studies have shown that Rhizobium leguminosarum biovar trifolii strain ANU843
produces one pectinase and two cellulase isoenzymes, called C1 and C2, which are cell-bound. CelC2 cellulase can erode the tip of the
host root hair in vitro, at the entry point of the endosymbiont into clover. ANU843 celC2 null mutants were unable to invade the plant, thus
remaining as endophytes in the rhizosphere.
To further analyze the function of this bacterial endoglucanase we have generated cellulase CelC2 overexpression mutants and monitor its
symbiotic phenothype through the different steps of the infection process. Compared to the wild type, the cellulase-overproducing strain sho-
wed relevant differences both in root hair deformation and nodule development. Our results support these enzymes as biotechnological tar-
gets to optimize the balance between endophytic and endosymbiotic states in rhizobial biofertilizers.

P-1047

Effect of root exudates on the expression of plant-growth promoting genes in rhizobacteria
Costa Carvalhais Lília1, Costa Carvalhais Lília1, Fedoseyenko Dmytro1, Chen Xiao-Hua2, Borriss Rainer2, Vanderleyden Jos3, Neumann Günter1, von
Wirén Nicolaus 1
1 Hohenheim University Institute of Plant Nutrition Fruwirthstrasse 20 70599 Stuttgart Baden-Würtemberg Germany
2 Bacterial Genetics, Institute of Biology, Humboldt University Berlin, Chausseestr. 117, 10115 Berlin, Germany 
3 Centre of Microbial and Plant Genetics (CMPG) Katholieke Universiteit Leuven, Kasteelpark Arenberg 20, Belgium

Plant growth promoting rhizobacteria (PGPR) has been considered a promising alternative to environment-unfriendly chemical fertilizers.
However, the reproducibility and ubiquity of the increase in plant yield are still a question of debate. Some important aspects of plant-PGPR
interactions are not well known, such as the influence of nutritional plant status on the attraction of rhizobacteria and on plant promotion pro-
cesses, for example bacterial colonization of the rhizosphere, nutrient assimilation and phytohormone production. It is therefore a major goal
of this work to identify compounds in root exudates that positively affect the association between plant roots and PGPR. Root exudates were
collected from N-sufficient versus N-limited wheat plants at different development stages. These exudates were used to perform gene induc-
tion tests via bacterial promoter-reporter systems to test interactions between plants and rhizobacteria. The first results on this research will
be reported in the conference.

P-1027
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Composition and diversity of arbuscular mycorrhizal fungal (AMF) communities in soils under different tillage
practices and fertilizer regimes
Lumini Erica2, Borriello Roberto2, Bianciotto Valeria3, Bonfante Paola2, Borriello Roberto1

1 University of Turin Plant Biology Viale Mattioli 25 10125 Turin Italy
2 Dip. Biologia Vegetale - Università degli Studi di Torino, V.le Mattioli 25, 10125 Torino (Italy)
3 Istituto Protezione Piante (IPP) CNR Torino, V.le Mattioli 25, 10125 Torino (Italy)

Intensification of land use practices has resulted in a widely documented reduction in soil quality and productivity. The productivity and health
of agricultural systems are, dependent on the functional processes of soil microbial communities. In most agrosystems, AM fungi are a main
component of soil microbiota and are thought to increase plant and soil health by improving plant fitness and soil quality, through an impro-
ved nutrient (N and P) uptake and soil stability. As obligate mutualistic symbionts, they colonize the roots of the majority of plants, including
most crop plants.
The aim of this study was to investigate the relationship between management intensity and the diversity of symbiotically active AMF com-
munities in the crop roots and those present in the soil. The selected site is a hilly agrosystem characterized by clayey soils in the munici-
pality of Serra de’ Conti (Ancona, Central Italy) and represents a long term experiment of maize/wheat rotation. We used molecular techni-
ques to investigate whether different crop management practices (two different tillage and fertilizer regimes applied since 1994) have affec-
ted the AM fungal community associated to this agrosystem.
DNA extracted from soils and roots was analysed using AM fungal-specific primers to amplify sequences from partial small and large subu-
nit of ribosomal RNA genes. Cloned fragments obtained from each sample types were analyzed by restriction fragment length polymorphism
(RFLP) and the 15% of these were sequenced. Phylogenetic analysis revealed fungal types belonging to Glomus group A and B. Preliminary
results showed that the AM fungal types in soils are different from those living in roots. Some sequences were closely related to fungal types
observed in other agrosystems described in previous studies.
The ordination analysis indicates that the composition of the AMF community is significantly affected by the tillage system more than by the
fertilizer treatment. In conclusion, since some fungal types were treatment specific, agricultural practices can directly or indirectly influence
AM biodiversity.

P-924

Identification of chemoattractants and signalling substances in the root exudates of nutrient-deficient plants
Fedoseyenko Dmytro, von Wiren Nicolaus, Costa Carvalhais Lilia, Neumann Günter

Uni Hohenheim Plant Nutrition Fruwirthstr-20 70599 Stuttgart Germany
A large number of non-leguminous plants (including as well cash crop species such as wheat and maize) are colonized by free-living diazo-
trophs. Biological nitrogen fixation in the plant rhizosphere promises to decrease nitrogen fertilization levels by maintaining crop yield and
quality. Plant growth-promoting rhizobacteria (PGPR) have been reported to enhance plant growth by inhibiting plant pathogens, by sup-
plying host plants with nutrients or by facilitating nutrient uptake. Interestingly, certain strains of rhizobacteria exhibit specificity in establishing
on host plants. This might be attributed to the qualitative and quantitative composition of their root exudates. 
Root exudates were collected from wheat plants (variety Cubus) under axenic and non axenic conditions. Effect of nitrogen deficiency on
exudation pattern of amino acids, organic acids and aromatic substances was investigated. Root exudates composition under axenic and
non axenic conditions was compared. 
Difference in quantity of phytohormone precursor amino acids (tryptophan, methionine, phenylalanine) depending on nitrogen status was
determined, since plant growth promoting rhizobacteria are able to utilize amino acids from root exudates as a substrate for producing phy-
tohormones.
Additionally root material was profiled to determine difference in qualitative composition of root extracts and root exudates.

P-1026

A new species of genus Cohnella isolated from rhizosphere of Phaseolus coccineus subsp. coccineus in North
Spain
Garcìa Paula, Rivas Raúl, Mateos Pedro F., Martínez-Molina Eustoquio, Velázquez Encarna

Universidad de Salamanca Microbiology and Genetics Doctores de la Reina s/n 37007 Salamanca Salamanca Spain
The genus Phaseolus is one of the most important legumes in the world and in Spain two species are currently cultivated, Phaseolus vulga-
ris (common bean) and Phaseolus coccineus subsp. coccineus (ayacote or Spanish bean). This last species constitutes an important crop
in Granja de San Ildefonso (Segovia, Spain) because this species is included in a PGI (geographical protected indication) denomination.
During a study of bacteria associated to the variety most commonly cultivated of P. coccineus subsp. coccineus in this soil, “judión de la
Granja”, we isolated on YMA plates a strain from the rhizosphere of this plants that was named GSPC1. The bacteria of the strain GSPC1
are rods Gram positive, sporulating and motile by peritrichous flagella that grow forming white, mucoid and smooth colonies. 
The complete 16S rRNA gene sequence of this bacterium showed that it belongs to the recently described genus Cohnella, that contains
two species, C. thermotolerans and C. hongkongensis, isolated from clinical and industrial origins. Conhella has been recently separated
from genus Paenibacillus, which includes several nitrogen fixing species. Therefore, the strain GSPC1 is the first rhizospheric strain of genus
Cohnella and could be Phaseolus endosymbiont which contributes to the nitrogen fixation.
A pairwise analysis between the 16S rRNA gene of strain GSPC1 and the type strains of currently described species of genus Cohnella sho-
wed an identity lower than 97%, indicating that the strain GSPC1 does not belongs to these species.
The analysis of menaquinones, fatty acids and polar lipids of the strain GSPC1 showed differences with respect to the previously described
species and it also differs from these species in their phenotypic characteristics. Therefore, the phenotypic and molecular characteristics of
strain GSPC1 show that this strain belongs to a new species of genus Cohnella that inhabits plant rhizosphere in North Spain.

P-1048
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On-station and on-farm field experiments to study yield, protein content and farmers’ acceptance of common
bean genotypes inoculated with Rhizobium and Azospirillum in the province of Piñar del Rio, Cuba
Reyes Jorge Luis1, Remans Roseline2, Ramaekers Lara2, Garcia Aurelio3, Mendez Nancy3, Hernandez German3

1 Estacion experimental forestal Viñales Km. 20 Carretera a Viñales Viñales Viñales Cuba
2 Centre of Microbial and Plant Genetics (CMPG), K.U.Leuven, Belgium
3 La Renée, Instituto de suelos, Cuba

Common bean forms part of two of the three daily meals in Cuba. It is a main source of protein and minerals. Nitrogen fixation contributes
to the yield and protein content of the grain and offers farmers an alternative for nitrogen fertilizers. However, many factors, including P defi-
ciency and soil acidity which characterize the soil in the Piñar del Rio province in Cuba, limit the impact of nitrogen fixation. Potential to select
for bean genotypes with enhanced nitrogen fixation capacity under poor soil conditions exists. Further, plant growth promoting bacteria have
shown potential to enhance nodulation and nitrogen fixation of common bean. In this study, four common bean genotypes were evaluated
in combination with two inocula: a local Rhizobium strain 6bIII and a mixed inoculum of Rhizobium 6bIII and Azospirillum brasilense Sp245
and this on-station an on-farm, in collaboration with three farmers in Piñar del Rio. Plant parameters measured are nodulation, shoot and
root dry weight at different growth stages, yield and protein content of the seeds. Further a survey on farmers’ perception on bean varieties
and microbial inoculation was performed. It was observed that Azospirillum provokes a differential plant and nodulation response among
bean genotypes. Further, this differential plant and nodulation response to Azospirillum is dependent on P nutrition. Nodulation and yield of
two out of the four genotypes is enhanced by Azospirillum under low P conditions, while a negative effect of Azospirillum is observed for the
other genotypes under P deficiency. When P fertilizer is supplied, the four genotypes respond more similarly to Azospirillum co-inoculation.
This study highlights the effect of the host genotype and the nutrional status of the soil in rhizosphere interactions.

P-1050

The effect of Zea mays genotypes contrasting for phosphorus efficiency on mycorrhizal diversity analyzed by
denaturing gradient gel electrophoresis (DGGE) and DNA cloning/sequencing
Gomes Eliane1, Oliveira Christiane2, Carneiro Newton1, Marriel Ivanildo1, Sa Nadja2, M Scotti2, Schaffert Robert1, Guimaraes Claudia1, Alves Vera1

1 EMBRAPA MILHO E SORGO NBA MG 424 KM 65 35701-970 Sete Lagoas Minas Gerais Brazil
2 Federal University of Minas Gerais

Marginal soil fertility, soil acidity, aluminum toxicity, and a generalized low level of available nutrients, especially P, are some of the major limi-
ting factors to crop production across the tropics. Plants have evolved several strategies to improve P acquisition, including symbiotic asso-
ciations with arbuscular mycorrhizal (AM) fungi. Mycorrhizal population DNA fingerprints were generated from the roots and rhizosphere of
maize genotypes contrasting for phosphorus efficiency, by denaturing gradient gel electrophoresis (DGGE) and DNA cloning/sequencing, to
assess the variation in the AM fungi communities. Fragments of AM fungi rDNA were amplified using nested PCR with universal and speci-
fic fungal primers for Acaulosporaceae, Glomaceae and Gigasporaceae AM. Acaulosporaceae and Glomaceae specific primers and DGGE
were efficient in differentiating the dynamics of mycorrhizal communities. Maize genotypes had a greater influence on the rhizosphere mycor-
rhizal community than the level of P in soil. DGGE profiles of maize roots revealed bands that were present only in P efficient genotypes,
indicating that some mycorrhizal groups were favored by P efficient maize genotypes. Direct cloning of rDNA fragments amplified by AM fungi
specific primers from root and rhizosphere DNAs of two of these contrasting genotypes indicated differences in the composition of root
mycorrhizal communities. Genetic diversity in the microbial community of the root was reduced when compared to the rhizosphere, and there
were some differences in the AM fungi species between the two genotypes. Sequencing analysis of cloned fragments revealed that,
Scutellospora was the dominant genus found in efficient genotypes. Visualization of mycorrhizal colonization using stereomicroscope analy-
sis demonstrated greater colonization in roots of the P efficient maize genotypes compared to P inefficient genotypes. The number of AM
spores found in the rhizosphere was similar in both genotypes but significantly reduced in the roots of the P inefficient genotype. These
results provide strong evidence that the maize genotype plays an important role in regulating microbial colonization of maize roots and
influencing P acquisition.

P-852
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Phosphorous acquisition from rock phosphate by twelve arbuscular mycorrhizal species from conventionally,
organically managed and natural habitats
Perner Henrike1, Oehl Fritz2, Schwarz Dietmar3, George Eckhard3

1 Humboldt University of Berlin Invalidenstr. 42 10115 Berlin Germany
2 Institute of Botany, University of Basel, Switzerland 
3 Institute of Vegetable and Ornamental Crops, Großbeeren, Germany 

Rock phosphate is a fertilizer frequently used in organic horticulture. However, dissolution of rock phosphate can be too slow to meet the
high P demand of young plants. The use of beneficial soil microorganisms can contribute to plant P uptake and growth. Therefore it was tes-
ted whether arbuscular mycorrhizal species are especially adapted to specific soil management systems, thus to fertilization with rock phos-
phate. In this study, we examined growth and P uptake of leek (Allium ampeloprasum L. var. porrum ‘Prelina’) used as a model plant. A ver-
miculite-sand substrate was used to grow the plants with and without arbuscular mycorrhizal (AM) fungi for 10 weeks. Plants were inocula-
ted with twelve different isolates of arbuscular mycorrhizal fungi and supplied with rock phosphate and modified Hoagland solution for 10
weeks (first 6 weeks 0 mmol P; next weeks 0.1 mmol P; last 2 weeks 0 mmol P). Four isolates were collected from conventionally (Glomus
mosseae, Glomus etunicatum), organically managed soils (Glomus mosseae, Glomus etunicatum) and neglected grassland unaffected by
humans (Glomus constrictum, Glomus lamellosum), respectively. Inoculation with AM fungi resulted in colonization rates up to 62%.
Arbuscular mycorrhizal inoculation did promote dry matter production of leek and increased total shoot P content compared to non inocula-
ted plants, independently from AM fungi origin. All plants inoculated with isolates from neglected grassland had their total P contents in a
lower range. Total P content of plants inoculated with isolates from conventionally managed soils were all in a higher range. However, total
P content of plants inoculated with isolates from organically managed soils were not clustered. The two isolates causing the highest total P
content in leek were selected from bio-dynamically managed soils. We conclude that isolates from different managed soils generally do not
differ much in their effect on P acquisition from rock phosphate for leek plants. Single AM isolated though might have a higher beneficial effect
for leek plants than others.

P-1018

Genetic and environmental factors determining the agronomical relevance of Azospirillum-wheat interaction
Spaepen Stijn, Croonenborghs Anja, Dobbelaere Sofie, Vanderleyden Jos

Centre of Microbial and Plant Genetics Kasteelpark Arenberg 20 - bus 2460 3001 Heverlee Belgium
Azospirillum-plant interaction is the best documented case of direct plant growth promotion, both in terms of mechanistic studies and appli-
cations. Within the genus Azospirillum, the species brasilense is genetically and physiologically best known. A. brasilense produces phyto-
hormones, of which the auxin indole-3-acetic acid (IAA) is the most prominent. The plant growth promoting effect of A. brasilense has there-
fore been termed phytostimulation. We have addressed the question as to how and to what extent Azospirillum inoculation can be used to
reduce chemical inputs in the production of wheat, an important crop in Europe. Our previous studies, using specific mutants, have shown
that IAA production by A. brasilense is crucial to observe a plant growth promoting effect, for which lateral root proliferation and root hair
development can be used as morphological markers. In this study, we have determined the environmental factors that have a major effect
on A. brasilense IAA synthesis, among which carbon stress has been revealed as a key factor. Availability of nitrogen sources does not
directly influence IAA synthesis of A. brasilense but affects the root response to IAA. Concerning the genetic regulation of IAA synthesis by
A. brasilense, it was found that the promoter of the ipdC gene, encoding the key enzyme for IAA synthesis, is subject to complex regulation.
In an attempt to overrule this regulation, we have made ipdC gene constructs with a constitutive and a plant inducible promoter respectively.
A. brasilense strains containing these constructs consistently performed better in wheat inoculation trials in terms of plant growth promotion
as compared to wild type strains. 
In conclusion it can be stated that the phytostimulatory effect of A. brasilense is most effective in poor soils (low organic content) in combi-
nation with sub-optimal N-fertilizer dose and that genetic modification of A. brasilense can further enhance the phytostimulatory effect.

P-1020

Evaluation of the capacity of soils in dissolution of rock phosphates
Benkhoua Nezha1, HafidiMohamed2, Duponnois Robin3

1 Faculté des Sciences Semlalia 40000 Marrakech, Morocco
2 Faculté des Sciences Semlalia, Département de Biologie, BP
3 IRD. UMR 113 CIRAD/INRA/IRD/AGRO-M/UM2. Laboratoire des Symbioses Tropicales et Méditerranéennes (LSTM). 34398. Montpellier. France.

The western African basements abound in an important quantity of rock phosphates. Paradoxically these soils are generally deprived of
phosphorus. This deficiency constitutes a limiting factor of agricultural production, from where the need of filling this deficiency by chemical,
organic or minerals amendments. Furthermore, the chemical amendment enriches temporarily soils in this element and its use remains limi-
ted because of its prohibitive cost. Direct application of rock phosphates enriches continuously soils in this element and is available for wide
range of producers. This inorganic amendment could not be used in substitution to chemical fertilisers, unless determining its solubilization
factors. However, this possibility of dissolution of phosphates is rare in soils with pH slightly acid, even neutral, and very widespread in West
Africa. To rectify this situation, soil micro-organisms, mainly mycorrhizal fungi, could mobilize phosphorus from rock phosphates in order to
place it at the disposal of host plants and improve their phosphorus nutrition. 
In order to evaluate the effect of the physico-chemical characteristics of soils on rock phosphates solubilization and their capacity to improve
growth plants, 2 species of plants were used: Medicago sativa highly mycotrophic plant and Brassica oleracea as a negative control. Four
soil types were compared. These soils were amended or not with rock phosphates at the start of test. For each experiment, a positive control
was added by using soluble amendment, triple superphosphate (TSP). 
This study showed that, by comparison with the quantities of available P proportioned in the four soils of the various treatments before esta-
blishment of the test and even without taking into account the share of phosphorus exported by plants, the amendment in RP allowed a very
clear improvement of the starting quantity in available P. Comparing to control test without amendment and/or with amendment in TSP, this
profit of available P was important in the majority of soils, especially in treatments with Medicago sativa. Total produced biomass was signi-
ficantly correlated to solubilized P in the whole soils.

P-1054
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Plant growth promotion of Echinocactus platyacanthus, an endangered Cactaceae from Mexican highlands, by
inoculation with isolates of methylotrophic bacteria
Sánchez-Saavedra Alejandra2, Téllez-Torres Gabriel3, Muñoz-Rojas Jesús2, Mascarúa-Esparza Miguel Angel2, Castañeda-Lucio Miguel2, Florencia-
Torres Luz Elena2, Bustillos-Cristales Rocío2, Fuentes-Ramírez Luis Ernesto1

1 Universidad Autónoma de Puebla Microbiología de Suelos Apdo. Postal 1622 72000 Puebla Puebla Mexico
2 Instituto de Ciencias, Universidad Autonoma de Puebla
3 Esc. de Biología, Universidad Autonoma de Puebla

Echinocactus platyacanthus is distributed in arid areas of Mexico. Like other Cactaceae shows a very slow growth until the reproductive
stage. Although it has a wide distribution, the human-dependent deterioration of its habitat, and the abuse for ornament and for traditional
candy production, has put in danger its populations. Diverse taxonomic groups of bacteria, known as methylotrophs, are capable of meta-
bolizing one-carbon sources. Different experiments have shown the potentiality of these bacteria as PGPRs in diverse plants, but not in cacti,
to our knowledge. Tissue samples of E. platyacanthus and Pseudomitrocereus fulviceps (Cactaceae) growing in arid areas of Puebla,
Mexico, were used for isolation of aerial surfaces- and endophytic bacteria in methanol-containing plates. Identification as methylotrophs was
based on PCR amplification with primers intended for methanol dehydrogenase (mxaF) locus (McDonald and Murrell, 1997). ARDRA sho-
wed the presence of seven groups of methylotrophs. Four isolates and Methylobacterium extorquens JCM 2833T were inoculated in germi-
nated seeds of E. platyacanthus growing in sterilized peat moss, as separate treatments. The plantlets were watered once a week with tap
water. The growth was determined each month by measuring length of stem, dry weight of roots and stem, and number of ribs. Three strains
induced growth in comparison with the non-inoculated controls until 6 month old plantlets. The inoculated strains were recovered from ino-
culated plants. 
This work was partially funded by project VIEP 09/NAT/06-G
McDonald, I, Murrel, J.C. 1997. The methanol dehydrogenase structural gene mxaF and its use as a functional gene probe for methano-

trophs and methylotrophs. Appl. Environ. Microbiol. 63:3218-3224.

P-532

Does carbon flow from mycorrhizal fungi stimulate bacterial antibiotic production?
Siasou Eleni, Siasou Eleni, Johnson David, Standing Dominic, Killham Ken

University of Aberdeen Plant and Soil Science Cruichshank Building St Machar Drive AB24 3UU Aberdeen United Kingdom
The presence of mycorrhizal-root associations markedly alters the quality of carbon flow from roots. We investigated how antibiotic produc-
tion of the model Pseudomonas fluorescens strains were modulated by qualitative changes to C-flow. Specifically, we quantified the produc-
tion of the antibiotic 2,4-diacetylphloroglucinol (DAPG), a known suppressant of root fungal pathogens. In the first experiment, wheat plants
were grown for five weeks in sand inside split pots so that half of their root systems were colonised by arbuscular mycorrhizal fungi and half
remained uncolonised. In the second experiment, wheat plants were grown without mycorrhizal fungi, with mycorrhizal fungi and with the
root pathogen Gaeumannomyces graminis var. tritici (Ggt) and with both mycorrhizal fungi and Ggt. Roots were harvested and homogenate
was used to challenge cultures of P. fluorescens strains. Each homogenate was balanced for molar C. To increase sample throughput and
analytical efficiency, we used a 96-well plate Porvair Sciences Ltd Microlute® system containing a C-18 Solid Phase Extraction matrix. The
analyte of interest (DAPG) in each cell in the growth plate was retained on the C-18 matrix until elution by methanol for HPLC analysis. We
discuss how the presence of the arbuscular mycorrhizal fungi and Ggt affects the antibiotic production by root associated bacteria.

P-1072

Phosphate solubilizing microorganisms associated with maize rhizosphere in Brazilian acid savanna soils
Sa Nadja2, Marriel Ivanildo1, Gomes Eliane1, Scotii Maria2, Carneiro Newton1, Guimaraes Claudia1, Alves Vera1, Schaffert Robert1

1 EMbrapa Maize and Sorghum Caixa Postal 151 35701-970 Sete Lagoas MG Brazil
2 Federal University of Minas Gerais

Many soil microorganisms are able to transform insoluble forms of phosphorus to an accessible soluble form, contributing to plant nutrition
as plant growth-promoting microorganisms (PGPM). The objective of this work was to isolate, screen and investigate the phosphate solubi-
lizing activity of microorganisms in maize rhizosphere soil to manage soil microbial communities and to select potential microbial inoculants.
Forty-five of the best isolates from 371 colonies isolated from rhizosphere soil of maize grown in an oxisol with P stress were selected based
on the solubilization of inorganic and organic phosphates in a modified Pikovskaya’s liquid medium culture containing sodium phytate (Phytic
Acid), soybean lecithin, AlPO4, and tricalcium phosphate (Ca3(PO4)2). The isolates were identified based on nucleotide sequence data from
the 16S rDNA sequences for bacteria and actinomyces and ITS rDNA sequences for fungi. Bacteria produced the greatest solubilization in
medium containing tricalcium phosphate. The strains B17 and B5, identified as Bacillus sp and Burkholderia sp, respectively, were the most
effective, mobilizing 67% and 58.5% of the total P (Ca3(PO4)2) after 10 days, and were isolated from the rhizosphere of the P efficient maize
genotype, L3 under P stress. These genera of bacteria have been reported in the literature as important PGPM. The fungal population was
the most effective in solubilizing P in the aluminum, phytate, and lecithin forms of phosphorus. A greater diversity of P solubilizing microor-
ganisms was observed in the rhizosphere of the P efficient maize genotypes in the no-till planting system. The P efficiency in these cultivars
may be related to the potential to enhance microbial development interactions of P solubilizing microorganisms.

P-1064
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Genetics and genomics of aminoacid synthesis of Sinorhizobium meliloti and the analysis of a mutant bank
De Bruijn Frans, Sauviac Laurence , Carrère Sebastian, Ragatz Daniel, Lauber Emmanuelle, Bruand Claude

CNRS/INRA LIPM LIPM UMR/CNRS/INRA 52627-31326 BP 27 Castanet Tolosan France
A collection of 5000 Tn5-luxAB S. meliloti mutants was previously constructed and screened for genes that were induced during nitrogen,
carbon, and oxygen limitations, conditions which are believed to be present in bulk soil and potentially in the rhizosphere of plants. On the
other hand microbes in the rhizosphere are benefiting from sugars and aminoacids, but the extent of it is not known. Therefore we screened
the collection of 5000 Tn5 mutants for auxotrophs, both to enhance our knowledge about basic amino acid metabolism, synthesis of nucleo-
tide bases and vitamins and to see if specific auxotrophs had lost their ability to colonize the rhizosphere, infect their host plant Medicago
spp. and fix nitrogen in nodules induced on the plant. 45 putative auxotrophs were isolated and identified. Two Leu- auxotrophs were Nod-,
Fix-, as reported before for Leu- mutants, and an additional 6 mutants were found to be Nod+ Fix-. Thus the S. meliloti auxotrophs are gene-
rally not detrimental to the symbiosis, unlike the case in multiple other symbiotic interactions, some of which will be reviewed. The resulting
sequence of the auxotrophic mutants was pruned and analysed with the NCBI Blast program against the complete S. meliloti database, fol-
lowed by KEGG protein analysis as to their place in the metabolic pathways. As part of a larger DNA sequencing effort, the first 718 Tn5
luxAB other insertions were also sequenced. The construction of a large signature-tagged mini-Tn5 transposon library has been reported by
Pobigaylo et al. (AEM 72, 4329-4337) and sequenced. We have been comparing this database with our emerging base and have already
noticed that among the 528 genes mutated with Tn5luxAB 48% were not found to be mutated in the Pobigaylo bank. This suggests that mul-
tiple mutant libraries are required to cover a single genome. We also hope that our further search in the mutant banks will lead to the isola-
tion of mutants involved in soil- and rhizosphere persistence, as well as plant infection.

P-972

A new paradigm for legumes symbiosis: absence of nod genes in photosynthetic Bradyrhizobia
Bonaldi Katia1, Moulin Lionel1, Cartiaux Fabienne1, Fardoux Joël1, Hannibal Laure1, Nouwen Nico1, Prin Yves2, Giraud Eric1

1 IRD Laboratoire des Symbioses Tropicales et Méditerranéennes TA/10J Campus de Baillarguet 34398 Montpellier Cedex. France
2 CIRAD Laboratoire des Symbioses Tropicales et Méditerranéennes TA/10J Campus de Baillarguet 34398 Montpellier Cedex. France

Legume plants have developed symbiotic associations with specific soil bacteria, collectively referred to as the rhizobia, which allow plants
to thrive and reproduce in nitrogen-poor environments. These plant-bacterial symbiotic associations typically result in the formation of root
organs, termed nodules that house nitrogen-fixing bacteria. Nodule formation has been assumed to be exclusively initiated by the binding of
bacterial, host-specific lipochito-oligosaccharidic Nod factors, encoded by the nodABC genes, to kinase-like receptors of the plant. However,
very recently this established dogma has been overturned by showing that the genomes of two photosynthetic Bradyrhizobium strains
(ORS278 and BTAi1) symbiotic of some Aeschynomene species lack canonical nodulation genes. This indicates that other signalling strate-
gies can be used by rhizobia to trigger nodule organogenesis in legumes.
In order to identify the bacterial factors involved in symbiosis, we individually screened a Tn5 mutant library (20000 clones) of Bradyrhizobium
ORS278 strain for their inability to induce nodules on A. sensitiva. More than one hundred mutants severely defective in symbiosis were
selected. Sequence analysis of the Tn5 insertion sites of these mutants as well as additional cytological studies suggest that a purine deri-
vative, which may be a cytokinin-like molecule, plays a key role in the formation of nodules on A. sensitiva by the photosynthetic bradyrhi-
zobia.

P-1073

Genetic variability in symbiotic nitrogen fixation and tolerance to phosphorus (P) deficiency in Cowpea (Vigna
unguiculata L., Walp), Mungbean (Vigna radiata (L.) Wilzeck) and Chickpea (Cicer arietinum L.) genotypes from
Cuba
Gomez Luis1, Shagarodsky Tomas2, Dibut Bernardo2, Dueñas Graciela1, Hernandez German1, Mendez Nancy1, Toscano Vidalina1

1 La Renée, Instituto de suelos Autopista Costa-Costa y Ant. Carretera de Vento CP 10800 Ciudad de Habana Cuba
2 Instituto de Investigaciones Fundamentales de la Agricultura Tropical

P deficiency is a major limiting factor for symbiotic nitrogen fixation and yield of various legume crops cultivated in the sub-tropics, including
Cuba. Twenty cowpea, twelve mungbean and eighteen chickpea genotypes from Cuba were evaluated for their capacity to fix nitrogen in
symbiosis with Rhizobium. The plants were grown in i) an hydroponic solution culture, ii) in pots with soil and iii) under field conditions at dif-
ferent supply of P. Plants were dependent on nitrogen fixation (N2 plant) or were supplied with mineral nitrogen (MN plant). The amount of
nitrogen fixed of the plants grown in soil, both in pot and field condition, was estimated by the 15N isotope dilution method. Results showed
that shoot growth and total N accumulation in the plants depending on N2 fixation or mineral nitrogen was severely limited by P deficiency,
while root dry weight was increased under low P conditions. For N2 plants, nodulation was also severely reduced by P deficiency while spe-
cific nodule activity was increased. The growth response to P supply was higher for N2 plants than for MN plants, and revealed a larger geno-
typic variation under nitrogen fixing conditions than under mineral nitrogen supply. A large genotypic variability for P use efficiency (PUE) was
observed particularly when plants were depending on symbiotic nitrogen fixation. The most promising genotypes for nitrogen fixation under
low P conditions were Habana 82, INIFAT and IZMIR 92 for cowpea, mungbean and chickpea species respectively. It can be concluded that
large variability for N2 fixation at low P among genotypes of cowpea, mungbean and chickpea varieties from Cuba exists and that N2 fixa-
tion capacity under P deficiency for the various legumes tested is correlated with the number of nodules, specific nodule activity and P use
efficiency for N2 fixation.

P-1076
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Effets of host plants on the development and diversity of arbuscular mycorrhizal fungi from peanut and millet
rizospheres
Kane Aboubacry12, Diouf Diégane1, Mbaye Mame Samba3, Sylla Samba Ndao1

1 Université Cheikh Anta Diop de Dakar Biologie Végétale Avenue Cheikh Anta Diop BP 5005 Dakar-Fann Dakar Région de Dakar Senegal
2 Laboratoire Commun de Microbiologie IRD/ISRA/UCAD, CP 18524, BP 1386 Dakar
3 Laboratoire de Botanique et Biodiversité, FST, Université Cheikh Anta Diop, BP 5005, Dakat-Fann, Sénégal

Arbuscular mycorrhizal fungi (AMF) diversity was studied in five sites in the central zone of Senegal with a peanut (Arachis hypogaea L.)
field and a field of millet (Pennisetum typhoides) in each site. This zone of Senegal, gathers 2/3 of the acreages of the country. The princi-
pal crops are peanut (Arachis hypogaea), 53% of cultivated surfaces and cereals mainly millet (Pennisetum typhoides) and sorghum
(Sorghum bicolor) with 41% of cultivated surface. The minimal and maximal spores densities of MA fungi by 100 g of soils were observed in
the soils of millet fields and vary from 15 spores at Ndoffane to 284 spores at Dinguiraye. Eight different species were distinguished : three
of the Glomeraceae family, four of the Gigasporaceae and one of the Acaulosporaceae. The influence of the farming of peanut (Arachis hypo-
gaea L.) and millet (Pennisetum typhoides) on the development and diversity of the arbuscular mycorrhizal fungi (AMF) was investigated.
The precedent rhizospheric soils collected from peanut and millet was insert with the seeds of peanut, millet and maize (Zea mays) in plas-
tic boxes and cultivated for four months. After this period the roots are collected and the frequency and the mean intensity of root colonisa-
tion were evalueted. Collection of rhizospheric soil are made to evaluate the number of spore and species of AMF.

P-952

Influence of nodule-inducing Frankia in salinity tolerance of Casuarina glauca Sieber Ex spring plants and rhi-
zosphere remediation
El-Settawy Dhmed, El-Gamal Amal 

Fac. Agric., Alex Univ. Forestry and Wood Tech. Forestry and Wood Tech. Fac. Agric., Alex Univ. 21545 Alexandria Alexandria Egypt
This study was carried out to investigate the effect and role of nitrogen-fixing nodules induced by Frankia bacteria on roots of Casuarina
glauca plants in salinity tolerance and soil remediation. 
Experiment 1: Eight NaCl concentrations (00.00 (S1), 10.00 (S2), 3000 (S3), 5000 (S4), 7000 (S5), 10.000 (S6), 12.000 (S7) and 14.000
ppm (S8)) amended to root rhizosphere to pinpoint the maximum salinity level that 50% of nodulated and unnodulated plants can survive. 
Experiment 2: In this experiment split-root technique was applied using double-container foam pots to study the direct and indirect effect of
salinity on plant and nodule characteristics. 
Experiment 3: This experiment was conducted to study the effect of nodule diameter on salt tolerance and growth of the host and remedia-
tion of chemical-soil characteristics. 
In the first experiment, it was found that the nodulated plants had higher salinity tolerance than that of unnodulated ones. However, nodula-
ted plants showed 40% survival at S7 while unnodulated plant reached this survival percent at S6. It was noticed that the growth rate of nodu-
lated plants was significantly higher than that of unnodulated ones at S4 up S8. Nodule dry matter (NDM) decreased to abut 50% at S7 treat-
ments.
In the second experiment, it was noticed that unnodulated plants displayed the lowest survival (20 and 30% in first and second season, res-
pectively). Shoot live ratio (SLR) of nodulated root under salinity stress was higher than that of unnodulated ones. However the reaction of
nodules to direct salinization as well as the changes of characters of plants bearing it will be described and discussed in details. 
The results of experiment 3 revealed the direct relationships between nodule diameter and N content of branchlets and total dry matter under
salinity stress. On the other hand, it was found that the higher the nodule diameter, the lower the EC, Na, Cl contents of the rhizosphere
obtained. Ultrastrastructural studies of nodules using SEM supported the foregoing results, since the filamentous hyphae of Frankia coloni-
zed nodule became finer and more condensed due to salinization. This modification brought forth an increase in surface area of filamentous
hyphae to be adapted with saline rhizosphere. These results, however, revealed the importance of nodules of Frankia in soil or rhizosphere
remediation.

P-1088
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Nodule metabolism and N2-fixation in common bean (Phaseolus vulgaris) under osmotic stress
Sassi Aydi Sameh1, Gonzalez Ester2, Aydi Samir1, Arrese-Igor Cesar2, Abdelly Chedly1

1 Laboratoire d’Adaptation des Plantes aux Stress Abiotiques, CBBC, BP 901, 2050 Hammam Lif Tunisia
2 Dpto. Ciencias del Medio Natural, Universidad Pública de Navarra, 31006 Pamplona (Navarra), Spain

Drought is the major abiotic stress factor limiting crop productivity worldwide, and understanding the genetic and biochemical mechanisms
which control drought tolerance is a central question in plant biology. As water resources for agricultural uses become more limiting, the deve-
lopment of drought-tolerant lines will become increasingly important.
Osmotic adjustment is generally thought to be the major mechanism to maintain cell turgor in many species as the water potential decrea-
ses, enabling water uptake and the maintenance of plant metabolic activity and therefore growth and productivity. 
The aim of this work was to study the C/N interactions in common bean nodules subjected to mannitol induced water stress and the even-
tual involvement of carbon flux limitation in the decline of N2 fixation under drought and to investigate whether some nodule metabolism
enzyme activities differs among two contrasting Phaseolus vulgaris genotypes.

P-920

Interactions of Medicago truncatula–Rhizobia strain under Phosphorus deficiency.
Aydi Samir1, Drevon Jean-Jacques3, Sassi Aydi Sameh2, Payre Hélène3, Abdelly Chedly2

1 Centre de Biotechnologie de Borj Cedria Laboratoire d'adaptation des plantes aux stress 2050 Hammam-Lif Tunisia
2 Laboratoire d’Adaptation des Plantes aux Stress Abiotiques, CBBC, BP901, Hammam-Lif 2050, Tunisia.
3 INRA – Montpellier SupAgro, UMR 1222 Biogéochimie du Sol et de la Rhizosphère, 1 place Viala, 34060 Montpellier, France.

The N2-dependent growth of 19 lines of the forage legume model Medicago truncatula, originating from Algeria, Australia, France, Greece,
Spain and Tunisia, including Jemalong 6 as a reference, was compared in hydroaeroponic culture with three different rhizobia strains under
two phosphorus concentration (15 and 45µM P) under semi-controlled conditions in a glasshouse. After germination of sterilized seeds in
agar, seedlings were inoculated with three different rhizobia strains: a reference (Sinorhizobium meliloti 2011) and two local ones (S. meliloti
KIII3 and S. medicae SII4). After 4 weeks of treatment, plants are harvested. Shoot and root dry weight, nodulation, the efficiency in utilisa-
tion of the rhizobial symbiosis (EURS) and Symbiotic Nitrogen Fixation were determined.
In controlled conditions, nodule and shoot biomass varied between 100 and 13 mg nodule per plant and 2 and 0,47 g shoot per plant for
DZA315.16 and Jemalong6. Thus hydroaeroponics constituted an excellent environment for the expression of the M. truncatula symbiosis.
P deficiency inhibits significantly shoot DW, nodulation, nodule biomass, and nitrogen fixation. A great variability of the shoot growth was
found among the control lines, depending on the rhizobia strain used for their inoculation. However, SII4 was more efficient than KIII3 and
the reference 2011, since improving the growth of the majority of the lines. The most productive lines inoculated with SII4 were 108R and
SEPHY, contrasting with DZA105 and Jemalong A17. The EURS, determined by the shoot biomass as a function of the nodule biomass per
plant, showed also an important variability, with the highest values characterising the most productive lines.

P-921

Early changes in root characteristics of maize (Zea mays) following seed inoculation with the PGPR
Azospirillum lipoferum CRT1
El Zemrany Hamdy, Czarnes Sonia, Hallett Paul, Alamercery Serge, Bally René, Jocteur Monrozier Lucile

Faculty of Agricultur, Minoufiya university, Egypt Soil science Faculty of Agricultur, Shibin ELkom, Minoufiya uni No Shibin ELkom Minoufiya
Egypt
The effect of the direct inoculation of seeds with the PGPR Azospirillum lipoferum CRT1 was assessed on maize (Zea mays) grown in control-
led conditions (greenhouse) in a luvisol soil from south-eastern France for WinRhizo software was used to describe 35 days after sowing
(d.a.s.). It revealed the following changes in the root system morphology for each plant : distribution and average root diameter, root surface
and the number of tips. The rupture stress and stiffness of the roots in tension were also determined. Evaluation of biochemical components
of roots was achieved by direct Attenuated Total Reflectance (ATR) - FTIR on root section. Inoculated roots exhibited significant larger num-
bers of tips and extending surface to rhizosphere when compared to controls. Measured mechanical parameters of inoculated roots showed
a slight increase for rupture stress up to largest diameter (1.4 mm) when compared to controls. Stiffness (Young’s modulus) values were
nearly constant for inoculated plants with higher values than for non inoculated plants at day 26 and day 35. Using Principal Components
Analysis of ATR-FTIR profiles, the polysaccharide enrichment of inoculated roots compared to controls was found at day 35. Noticeable
absorbance at wavenumber specific to aromatic ether (lignin) was observed in control plants. All these data featured a pattern of immature
root properties, when maize was inoculated with Azospirillum lipoferum CRT1. Observed modifications of root development are possibly
conducive to unseen beneficial effects, like water retention, resistance to mechanical stress, or root litter quality. Studies on more mature
plants are required to assess if the differences between inoculated and control plants would persist or become accentuated with time until
harvest.

P-1091
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Variation in di-nitrogen fixation among (Phaseolus vulgaris L.) RILs grown at low and high levels of phospho-
rus supply
Hernandez German, Garcia Aurelio, Drevon Jean-Jacques, Mendez Nancy, Toscano Vidalina, Mulling Miguel, Galvez Lazaro

La Renée APC-6 APC-6 Quivican Habana Cuba
An initial screening of 49 RILs of the crossing (DOR 364 X BAT 477) (Phaseolus vulgaris L.) with contrasting growth and nodule develop-
ment at low levels of soil phosphorus (P) was performed. Seed of these accessions were inoculated with local efficient Rhizobium and grown
in 15 and 90 kg P2O5 ha-1. Samples were taken in the R6 developmental stage of nodulation, dry matter production, N and P concentration.
In R9 developmental state seed yield was obtained. There was a strong correlation between nodule dry weight, and plant dry weight among
the RILs examined. Total N and P in plant was correlated with P nodule concentration. This supports an earlier suggestion that plant N/P
ratio may be a good indicator for N2 fixation, P and N in the seed, nodule P concentration, and nodule activity at low P. RILs 18- 3- M-M and
117 – 1 – 1 M performed best and 35-1-6 – M -M worst , of the RILs in dry weight accumulation when P supply was limited. A large root /
shoot ratio does not explain this difference.

P-979

Expression of catalytic activity of various fungal phosphatases in contact with a mineral surface
Quiquampoix Hervé, Abadie Josiane, Mousain Daniel, Staunton Siobhán

INRA Rhizosphère & Symbiose place Viala 34060 Montpellier France
Organic phosphorus in soil is not directly bioavailable, and must first be hydrolysed by phosphatase enzymes to orthophosphate which may
then be taken up by biological systems. In the rhizosphere, both free and symbiotic microorganisms are important sources of phosphatase.
However, the catalytic activity of these enzymes may be strongly modified by the presence of organo-mineral surfaces. Enzymes, in com-
mon with other proteins, tend to be strongly adsorbed on many surfaces. Adsorption limits mobility and may greatly decrease catalytic acti-
vity. The optimal pH of many enzymes is shifted to larger pH following adsorption, and activity is decreased especially below the isoelectric
point of the enzyme. Most measurements of enzyme activity in soil or more specifically in the rhizosphere, do not attempt to distinguish bet-
ween the amount of enzyme present and the expression of its catalytic activity. There is thus little information on the extent to which enzy-
matic activity is conserved when extracellular enzymes come into contact with soil surfaces. We have performed a screening of several phos-
phatases obtained from ectomycorrhizal fungi. Both adsorption and the activity of the adsorbed enzymes were measured as a function of pH
in contact with a clay mineral, montmorillonite. A very wide range of reactions was observed, from no effect of the mineral surface to com-
plete adsorption with activity of the adsorbed enzyme. Intra specific differences were sometimes as large as interspecific differences, sho-
wing that fungi have different mechanisms for improving phosphorus nutrition.

P-1002

Comparison of the genetic structure and diversity of bacteria associated with mycorrhized and non-mycorrhi-
zed roots of Medicago truncatula
Offre P1, Pivato B2, Mazurier S1, Siblot S1, Corberand T1, Berta G2, Mougel C1, Lemanceau Philippe1

1 INRA SPE UMR MSE 17; rue Sully BP 86510 21065 Dijon France
2 Università del Piemonte Orientale, DISAV, Alessandria, Italy

Arbuscular mycorrhizae (AM) are ancient symbiosis (400 millions years) between Glomeromycetes and roots of 80% of terrestrial plant fami-
lies. AM are known to be non-specific associations. However, the plant community is affected by the diversity of AM fungi (van der Heijden
et al., 1998), and reciprocally we have recently shown that the genetic diversity of AM fungi differ according to the plant species. These obser-
vations are consistent by the long joint evolution of plants and AM fungi. This evolution is expected to not have occurred independently from
the rhizosphere microflora.
To test this hypothesis, we have compared the genetic structure of bacterial communities associated with Medicago truncatula J5
(Myc+/Nod+) and its symbiosis-defective mutants TRV48 (Myc+/Nod-) and TRV25 (Myc-/Nod-). DNA was extracted from the corresponding
rhizospheres and its polymorphism was assessed by A-RISA DNA fingerprint. Based on Principal Component Analysis of the corresponding
fingerprints, markers explaining the differences of structure between the communities associated with M. truncatula genotypes were sequen-
ced and identified. These markers were further used to design probes used to screen isolates from mycorrhized roots that belonged to the
corresponding microbial groups. The diversity of these isolates was characterized by BOX-PCR.
The genetic structure of bacterial communities associated with mycorrhized and non-mycorrhized plants differed significantly. Phylogenetic
analysis of the molecular markers explaining these differences indicated that they belong to Comamonadaceae, Oxalobacteriaceae, and
Rubrivivax sub-group. The isolates harboring sequences highly homologous to that of markers affiliated to these microbial groups were clus-
tered in 25 groups on the basis of their BOX-PCR fingerprints, indicating a high diversity of these isolates. The distribution of the isolates in
the different BOX-PCR groups differed significantly upon their origin (mycorrhized/non-mycorrhized roots). The effects of isolates represen-
tative of the genetic diversity described here above is currently being evaluated to test the value of our initial hypothesis.
Offre P., Pivato B., Siblot S., Gamalero E., Corberand T., Lemanceau P., Mougel C. 2007. Appl. Environ. Microbiol. 73: 913-921.
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Isolation and characterization of plant growth promoting rhizobacteria of ryegrass from volcanic soil
Schoebitz Mauricio12, Ribaudo Claudia3, Ciampi Luigi2, Poncelet D1

1 Ecole Nationale d'ingénieurs des Techniques des Industries Agricoles et Alimentaires. UMR CNRS GEPEA 6144. Route de la Géraudière - BP
82225, 44322 Nantes Cedex 3, France2 Universidad Austral de Chile. Facultad de Ciencias Agrarias. Instituto de Produccion y Sanidad Vegetal.
Casilla 567, Valdivia, Chile
3 Universidad de Buenos Aires, Facultad de Agronomía. Departamento de Biología Aplicada y Alimentos. Av. San Martín 4453 - C1417DSE - Buenos
Aires, Argentina

Plants of ryegrass (Lolium perenne L.) growing on a volcanic soil from the south of Chile were used to isolate bacteria from their rhizosphere.
From these isolations, tests were conducted in order to select biological nitrogen fixers. Two strains of genus Enterobacter showed the
highest levels of nitrogenase activity.
Both autochthonous isolates were used to test their activity for biosynthesis of indole compounds. Isolate demonstrated a high level produc-
tion of this substance equating the capacity of Azospirillum brasilense FT 326 considered one of the top indole producers.
These strains were taxonomically identified by molecular and biochemical assays. Results indicated that belong to the species Enterobacter
ludwigii.
The plant growth promotion effect was also determined inoculating ryegrass seedlings cv. Nui. Dry weight was increased, after fifty days of
plant growth. Using alfalfa and tomato seedlings the effect of plant growth promotion was confirmed through an increase on the amount of
radical absorbent roots of inoculated seedlings.
Finally, we also report the antagonistic effect of isolates on mycelium growth detention of the brown root pathogen Monilia spp.

P-969

Plant coexistence in Mediterranean ecosystems mediated by AMF and Pseudomonas fluorescens populations
(case of Pinus halepensis and Cupressus atlantica in high Atlas mountains-Morocco)
Kchakech Hanane1, Ouahmane Lahcen2, Hafidi Mohamed1, Duponnois Robin3

1 Université Cadi Ayyad-Faculté des Sciences Semalia Lab. d'Ecologie Végétale Sol et Environnement Avenue Prince My Abdellah BP 2390 40000
Marrakech Morocco
2 Centre Régional de Recherche Forestière, Marrakech, Morocco
3 IRD, UMR 113 CIRAD/INRA/IRD/AGRO-M/UM2, UMR LSTM, Montpellier, France

It is well known that many biological factors like competition for light, for soil resources, allelopathy…, play a major role in maintaining and
regulating coexistence of forest trees in their natural environment.
Recent researches have indicated the importance of soil microflora in mediating plant species coexistence and maintaining biodiversity within
plant communities.
In Mediterranean ecosystems it has been shown that mycorrhizal fungi and their associated microflora can be a key factor promoting this
plants coexistence. Nevertheless their influence in the case of presence of both endomycorrhizal and ectomycorrhizal host plants is still igno-
red. 
In this context our aim was to describe the spatial variability of arbuscular mycorrhizal fungi (AMF) and soil fluorescent pseudomonads popu-
lations in a site with endomycorrhizal (Cupressus atlantica) and ectomycorrhizal (Pinus halepensis) plants (High Atlas Mountains Morocco).
For this purpose we genotypically characterized soil Pseudomonas fluorescens communities by restriction fragment length polymorphism
(RFLP). We also assessed some of their functional activities (phosphates solubilizing activity, lipolytic activity). Furthermore the mycorrhizal
status in natural conditions was evaluated. We have also determined the effect of soil origin on the growth of each plant species in experi-
mental conditions.
Our results underline the effects of distance from trees on the abundance and species richness of AMF and on the variability of functional
and genotypic properties of P. fluorescens. Glasshouse experiments revealed a significant effect of soil origin on growth of individual plant
species.

P-997



RRhhiizz    sspphheerree 22
Session 2 - Symbioses and plant growth promotion

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

50

Hormonal interplay between plant growth promoting bacteria and plants grown under saline stress.
Vanegas-Guerrero Javier1, Bacilio Macario1, Sanchez-Nieves Jimena2, Holguin Gina1

1 CIBNOR Environmental Microbiology Mar Bermejo No. 195 23090 La Paz Baja California Sur Mexico
2 Universidad Nacional de Colombia, Bogota, Colombia

Reforestation of mangroves and the productivity of commercial crops is severely limited by soil salinization. Some works have shown that
bacterial inoculation can mitigate the deleterious effects of saline stress in plants. However, the role of plant growth regulators in this res-
ponse is not clear. The objective of this work was to determine if the synthesis of plant growth regulators by plant growth promoting bacte-
ria, PGPB, is induced by root exudates and if inoculation of plants with PGPB changes the composition of plant growth regulators exuded
by plants grown under saline stress. Chili plants (Capsicum annuum) and mangrove seedlings (Avicennia germinans) were grown under
hydroponic conditions at different concentrations of NaCl and inoculated separately with Enterobacter hormaechei, isolated from the roots of
A. germinans, Azospirillum brasilense Cd, or with A. brasilense Cd/pRKTACC transformed with the ACC deaminase gene. Root exudates
were collected, and indoleacetic acid, IAA, indolebutyric acid, IBA, abscissic acid, ABA, and gibberellins AG3 and AG4 analyzed by HPLC.
Addition of root exudates to bacterial cultures induced their synthesis of IAA and AG4 irrespective of the concentration of NaCl employed.
No IAA was detected in root exudates of non-inoculated chili plants in contrast to inoculated plants where 0.84-0.50 ìg/mL of IAA, and 0.36
-1.38 ìg/mL of AG4 were found. Similarly, no plant growth regulators were found in root exudates of non-inoculated plantlets of A. germinans,
in contrast to inoculated plants, which registered both IAA (0.52 ìg/mL) and AG3 and AG4. Interestingly, non-inoculated chili plants grown
under saline stress exuded significantly more ABA (0.97 µg/mL) than inoculated plants. Results show that when the plant and the bacteria
interact they create a cocktail of plant growth regulators that results from interaction with the plant, which is different from that of the bacte-
ria alone. These modifications may play an important role in the mitigation of plant saline stress.

P-880

Valorisation of legume nodulating bacteria diversity for degraded arid and saline Algerian land restoration
Merabet Chahinez2, Bekki Abdelkader2, Boukhatem Faiza2, Galiana Antoine3, Beunard Pierre3, Willems Anne4, De Lajudie Philippe13

1 Institut de Recherche pour le Développement Ressources Vivantes Campus de Baillarguet TA 10 J 34398 Montpellier cedex 5 France
2 Laboratoire de biotechnologie des interactions plantes-microorganismes, Univ. Oran Es-Senia, Algérie
3 UMR Symbioses Tropicales et Méditerranéennes, IRD-CIRAD-SupAgro-Univ. Montpellier II, Campus de Baillarguet TA A-82/J. 34398 Montpellier
Cedex 5, France.
4 Laroratorium voor Microbiologie, Faculteit Wetenschappen, Universiteit Gent, Belgium.

In Algeria soils available for agriculture are limited by salinity and drought. In this country there is a need for plant production improvement
to face the increasing demand for human food and fodder. The global strategy for saline and degraded areas restoration includes the use of
plant species developing nitrogen-fixing symbioses well adapted to these constraints, especially legumes. In this study plant and soil sam-
ples originating from arid and saline regions were collected all around the country. 72 bacterial nodule isolates were obtained and characte-
rised phenotypically and genotypically. Their salinity tolerance was tested on YEM medium and 23 of them tolerate 800mM NaCl. The growth
kinetics of the most tolerant strains was determined in M9 medium added with either 600mM or 800mM NaCl. All strains were tested for
nodulation and nitrogen fixation with their host plant in standard tube conditions. After 16SrDNA sequencing, isolates were affiliated to
Sinorhizobium, Rhizobium, Agrobacterium, Phyllobacterium and Bradyrhizobium. Some of them, forming a separate group possibly repre-
senting a new species in Rhizobium were further characterised by Multi Locus Sequence Analysis (MLSA) of five housekeeping genes and
by auxanographic tests.
Three S. medicae and two S. meliloti strains were selected for their efficiency and tolerance to NaCl in vitro and further tested as inoculants
for the growth of Medicago ciliaris and M. polymorpha, the two dominant forage legume in arid and saline regions of Algeria. The effectivity
of strains was estimated by measuring ARA and plant aerial part dry weights with statistical treatments of data. Tests were performed both
in a greenhouse and in open field located in a semi-arid region, South-Western part of Algeria.
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Arbuscular Mycorrhizal Fungi (AMF), a major factor contributing to growth and co-existence of plants species:
case of Cupressus spp, Thymus spp and Lavandula spp in a degraded area (High Atlas-Morocco)
Ouahmane Lahcen1, Hafidi M2, Boumezzough A3, Duponnois R4

1 Centre Régional de Recherche Forestière Unité Symbioses et Environnement Circuit de la Palmeraire 40000 Marrakech Morocco
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3 Laboratoire d'Ecologie Animale Terrestre Fac des Sciences Semlalia Marrakech, Morocco
4 IRD, UMR 113 CIRAD/INRA/IRD/AGRO-M/UM2, LSTM Montpellier, France

Lavandula spp and Thymus spp are considered as representative shrub species associated to Cupressus atlantica G. in a degraded area
in Morocco (Haut Atlas). The objectives of our study were to asses the potential effects of these shrub species in revegetation strategies.
The mycorrhizal status of several representative shrub species (Lavandula spp. and Thymus satureioides) in Moroccan semi-arid ecosys-
tem was evaluated in situ.and in vitro. Their contribution to the soil mycorrhizal potential was evaluated using the method of the Most
Probable Number (MPN). Rhizosphere soils collected under these target species were tested for their influence on the growth of Cupressus
atlantica, a tree species whose natural stands has declined in Morocco. Soil samples were collected from the rhizosphere of Lavandula stoe-
chas, Lavandula dentate, Thymus satureioides and of Cupressus. atlantica from the experimental area ( Idni station (8° 17’ 02’’ W, 31° 54’
34’’, 1700 m above sea level ). Mycorrhizal dependencies of Cupressus, Thymus and Lavandula species, were measured after inoculation
with an infective isolate of arbuscular mycorrhizal fungus, Glomus intraradices.
The main effects of the association between Lavandula species (Lavandula multifida) and Cupressus arizonica on the soil microbial activi-
ties, on the growth and the mycorrhizal status of each plant species were assessed in a glasshouse experiment. 
All the target species formed AM symbiosis and the extent of AM fungal colonization was not significantly different between plant species
In a glasshouse experiment, the growth of C. atlantica seedlings was significantly higher in the C. atlantica and in the shrub species soils
than in the bare soil. Lavandula multifida and L. dentata were representatives of highly mycorrhizal dependent plant species as well as C.
arizonica, C. sempervirens and C. atlantica. Lavandula multifida enhanced significantly the mycorrhizal soil infectivity, and when Cupressus
arizonica and Lavandula multifida were grown together, the growth and mycorrhizal colonization of each species were higher than those
recorded when each plant species grew alone. All these results show that this shrub species can be considered as nurse plants that could
promote the establishment of tree species such as Cupressus in reafforestaion programs.

P-409

Impact of inoculation by rhizobia on the productivity of a planted gum tree in Senegal and the microbial func-
tioning of subjacent soils
Fall Dioumacor12, Faye Aliou3, Sall Saïdou4, Diouf Diégane2

1 Laboratoire Commun de Microbiologie IRD-UR 040 Route des Hydrocarbures, centre de Recherche de Be 18524 Dakar Dakar Senegal
2 Département de Biologie Végétale, Université Cheikh Anta DIOP de Dakar, Sénégal, BP 5005
3 Laboratoire Commun de Microbiologie IRD/ISRA/UCAD, BP 1386, CP 18524
4 LEMSAT-Laboratoire d'Ecologie Microbienne des Sols et Agrosystèmes Tropicaux, BP 1386, CP 18524

Gum-arabic enters in composition of many foodstuffs. More than 90 % of exploited gum is produced by A. senegal. A. senegal, like other
leguminous plants, is able to join symbiotic micro-organisms (rhizobia) and forms a symbiosis which allows tree better development by impro-
ving nitrogen nutrition. The effect of inoculation by rhizobia on production of gum arabic by adult trees, the microbial biomass and the mine-
ralization of nitrogen are the objectives of this study.
A parcel of A. senegal was divided into two parts with two treatments for each part: inoculated with a cocktail of 4 rhizobia strains (CIRAD
F300, CIRAD F301, CIRAD F302, CIRAD F303) and not inoculated. Soils were sampled at: R0 (trunk foot), R/2 (half ray of houppier) and R
(end of houppier) and sampling horizons were : 0-25 cm, 25-50 cm and 50-75 cm. The sample are carried out before inoculation (dry sea-
son : T0), after inoculation (middle of raining season : T1), beginning of gum arabic production (T2) and the pic of gum production (T3). For
each sampling, total microbial biomass, nitrogen mineralization were analysed. The in situ mineralization of nitrogen was studied only at the
horizon 0-25 cm during the raining season. The microbial biomass was determined by fumigation-extraction (Amato and Ladd, 1988) method.
The results showed a reduction of microbial biomass according to depth and distance from tree trunk. The maximum of biomass was foun-
ded in the horizon 0-25 cm and at foot tree (R0). We noted also an increasing microbial biomass during the raining season but this increa-
sing was more important for inoculated trees and in R0. The mineral nitrogen (NH4

+, NO3
-) was extracted according to Bremner (1965)

method. Nitrogen mineralization showed a reduction of mineral nitrogen during the wet season (T1). However, from T2 we noted an increa-
sing of mineral nitrogen content. The mineral nitrogen at T0, T2 and T3 was in nitric form (NO3

-) whereas at raining season (T1), it was ammo-
niacal form (NH4

+). The in situ mineralization of nitrogen is studied on soil incubated in PVC tubes. The results show a reduction in mineral
nitrogen content during the rainy season but also an alternation of immobilization and remineralization of nitrogen. The tapping of trees was
carried out at the beginning of November 2005 (beginning at the stage of defoliation )using the traditional tool named “Sénégalais”. The
results showed that inoculated trees produced more than non inoculated trees

P-543
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Aromatic aminotransferases activity and indol-3-acetic acid production in Azospirillum brasilense Sp7 strain.
Aguilar Piedras Joaquín , Sandoval Jesús , Xiqui Ma. Luisa , Baca Beatriz , García Silvia

Universidad Autónoma de Puebla Centro de Investigaciones Microbiológicas, Institu Edif. 76 3er piso Cd. Universitaria Av. San Claudi 72540
Puebla Puebla Mexico
Azospirillum is one of the most study plant growth promoting bacteria (PGPB), known enhancing yield of numerous crop plants. The release
of phytohormones has been proposed as being responsible for the proliferation of the host root system. Azospirillum release indole-3-ace-
tic acid (IAA) into the culture medium, when grown in the presence of tryptophan (Trp). Previous data have demonstrated that synthesis of
IAA occurs through an indole-3-pyruvate (IPyA) pathway involving the key enzyme indol pyruvate decarboxylase, transforming IPyA to indol-
3-acetaldehyde. The initial reaction, the conversion of Trp into IPyA is catalysed by aromatic aminotransferases (AATs). Four these enzymes
have been identified in A. lipoferum (Ruckdäschel et al., 1988) and two in A. brasilense (Baca et al.1994).
Here we reported the identification of two gene encoding the AAT1 and AAT2 from A. brasilense Sp7 strain.
AAT1was purified, the proteolytic cleavage of the purified protein of 33kDa following by amino acid sequencing of internal peptides, resulted
two amino acid sequences, which were used to design the primers. We obtained by PCR a probe used to screening a library of A. brasi-
lense Sp7. DNA sequencing analysis revealed the presence of an ORF. The deduced protein showed the highest similarity with the histidi-
nol-phosphate/aromatic aminotransferases from Magnetospirillum magnetotacticum and Rhodobacter spheroides (79 and 74% similarity res-
pectively). The two peptides matched well with protein sequence determined.
The aat2 gene was obtained from genetic complementation of a mutant from A. brasilense 7030 strain a lower producer of IAA. The cosmid
was sequencing and the region encoding the AAT2 was determined by databases research. The deduced protein showed highest similarity
with the aromatic aminotransferase clase I from α-proteobacteria. In order to determine if aat1 and aat2 are particularly important for IAA
biosynthesis, mutants strains were generated and characterized. 
The work was partially found by a grant of VIEP-SEP and CONACyT.

P-1083

Stimulation of cotton growth by rhizobacteria affected by different temperatures
Egamberdiyeva Dilfuza

University of Agriculture University str.1 700140 Tashkent Uzbekistan
An understanding of ecological conditions effecting on bacterial inoculants is important when introducing microbes for increasing plant growth
and productivity. In this study the effect of two different temperatures on cotton growth and development inoculated by plant growth promo-
ting bacteria were investigated. The ambient temperatures influence the root and shoot growth of cotton introduced by bacterial strains in pot
experiments. Bacterial inoculation significantly (p<0.05) increased the shoot and root dry weights of cotton from 16 to 96% as compared to
the control. The strains B. amyloliquefaciens TSAU27 and Cellulomonas sp.43 also increased N, P and K uptake of cotton root and shoot.
This growth promoting effect was higher at 26°C temperature compared to 16°C. These results suggest that plant growth stimulating effi-
ciency of bacterial inoculants for cotton affected by temperature. The warmer temperature such 26°C is favourable for cotton growth inocu-
lated with bacteria than lower temperature 16°C.

P-1087

Nitrogen fixation effectiveness of indigenous soyabean rhizobial isolates under field conditions in Zimbabwe
Zengeni Rebecca1, Giller K.E.2

1 Bindura University Environmental Sciences P. Bag 1020 +263 Bindura Zimbabwe
2 Department of Plant Sciences Wageningen University P.O. Box 430 6700, AK Wageningen The Netherlands

Ten promiscuous soyabean isolates that proved superior in nitrogen fixation effectiveness to commercial inoculant strains under greenhouse
studies were evaluated for their symbiotic potential under field conditions. The promiscuous soyabean variety, Magoye and the specific
variety Solitaire were used as test hosts. Five of the isolates were isolated from the nodules of Magoye and coded M1 to M5 while the other
five were isolated from the promiscuous soyabean variety Hernon 147 and coded H1 to H5. Two commercial inoculant strains, MAR 1491
and 1495 were included for comparison. Parameters tested included nodulation effectiveness, yield, nitrogen content and nitrogen fixation
effectiveness. Isolate M3 gave significantly higher yields and N2 fixation effectiveness in Magoye than the reference strains, while H1, H3
and H5 gave better yields and N2 fixation effectiveness with Solitaire. Nodule numbers and nitrogen contents obtained were highly variable
and not reliable indicators of effectiveness. There were strong harvest index effects of different rhizobiai isolates, which closely followed the
trend for grain yield. Isolates M3, H1, H3 and H5 were concluded to be potential commercial inoculants, while the other six isolates need to
be retested over many sites and seasons before they can be recommended for inoculant production. 

P-422
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Identification of a nitrogen fixation island and of rhizosphere competence traits in the genome of the root asso-
ciated Pseudomonas stutzeri A1501
Yan Yongliang1, Yang Jian2, Dou Yuetan1, Ping Shuzhen1, Yao Ziying1, Li Hongquan1, He Sheng1, Wang Yiping3, Jin Qi2, Elmerich Claudine4, Lin Min1

1 Biotechnology Research Institute, Chinese Academy of Agricultural Sciences 12 Zhongguancun Nandajie 100081 Beijing Peoples Republic of China
2 State Key Laboratory for Molecular Virology and Genetic Engineering, Beijing 100176, China
3 College of Life Sciences, Peking University, Beijing 100871, China
4 Département de Microbiologie, BMGE, Institut Pasteur, Paris 75724, France

Pseudomonas stutzeri A1501 (Chinese Culture Collection: CGMCC 0351), formerly known as Alcaligenes faecalis A15, was isolated from
rice paddy soils and has been widely used as crop inoculant in China. P. stutzeri A1501 exhibits the unusual feature of fixing nitrogen and it
can survive in the soil, colonize the root surface and invade the root tissues of the host plant. Availability of the A1501 genome sequence is
of fundamental importance in our understanding of the evolution of the nitrogen fixation property, as well as for identification of rhizosphere
competence traits required in interactions with host plants. The genome consists of a single circular chromosome with 4,567,418 base pairs.
Among the 4,146 protein-encoding genes, about 2000 of these have orthologs in each of five representative Pseudomonas species geno-
mes. All the genetic information specific to nitrogen fixation is clustered in the A1501 genome in a 49-kb nitrogen fixation region consisting
of 59 ORFs. This favors the hypothesis that the nif region in P. stutzeri constitutes a nitrogen fixation island. In addition to core genes for syn-
thesis, maturation and functioning of nitrogenase additional ORFs are found interspaced between or within the nif operons, showing a high
degree of packing. Transcriptome analysis and construction of mutants led to the identification of several new genes within the nitrogen-fixa-
tion island required for optimal nitrogenase activity. A1501 genome contains genes for broad utilization of carbon sources, denitrification and
multiple pathways of protection against environmental stresses. Adhesion to root surface and colonization depend on chemotaxis, pili, fla-
gella and surface polysaccharides. A complex chemotaxis signal-transduction pathway is encoded by 44 genes. The genome contains 3 clus-
ters of genes for flagellum biogenesis, 6 clusters of genes for type-IV pili biogenesis and the twitching motility, 21 glycosyl transferases poten-
tially involved in the synthesis of surface polysaccharides, 11 genes involved in biosynthesis of capsular polysaccharides and 33 genes
coding for LPS biosynthesis.

P-1011

Variable response of Gluconacetobacter azotocaptans DS1 on potato plant growth, at different concentrations
of sucrose in tissue culture system
Mehnaz Samina1, weselowski Brian2, Lazarovits George2

1 School of Biological Sciences Quaid-e-azam campus, University of the Punjab 54590 Lahore Punjab Pakistan
2 Southern Crop Protection and Food Research Centre, Agriculture and Agri-Food Canada, 1391-Sandford Street, London, N5V 4T3, Ontario,
Canada.

Several plant growth promoting rhizobacteria (PGPR) have been previously isolated from corn plants, growing in Canadian fields. Some of
these PGPRs promoted growth of corn, tomato, cucumber, radish and bell paper under green house conditions. In this study we used these
PGPRs to observe their growth promoting effect on three potato cultivars, in tissue culture system. Potato nodes were inoculated with bac-
terial inoculum and transferred into tissue culture MS medium (without growth hormones). Plants were harvested after 8 weeks of growth.
Root/shoot weights and heights of inoculated plants were compared with un-inoculated/control plants. It was observed that two strains, i.e.,
Enterobacter cloacae CR1 and Gluconacetobacter azotocaptans DS1, drastically reduced the plant growth and another strain, i.e.,
Burkholderia phytofirmans E24 aggressively promoted root growth. These three bacteria were selected for further studies. Tissue culture
medium (without growth hormones) with three different concentrations (30g/l, 15g/l, and 7.5g/l) of sucrose was used to study the effect of
these bacteria on plant growth. It was observed that B. phytofirmans E24 promoted plant growth and E. cloacae CR1 reduced plant growth
at all concentration but G. azotocaptans DS1 showed variable response.

P-1130

Microbe-microbe interactions and its impact on plant growth promoting rhizospheric bacteria, Azospirillum
brasilense SM and Pseudomonas fluorescens Psd
Srivastava Sheela, Malhotra Mandira

University of Delhi South Campus Genetics Benito Juarez Road 110021 New Delhi India
Rhizospheric soil microorganisms are likely to have a variety of repercussions on plant health. Rhizobacteria can beneficially influence plants
either directly or indirectly. The direct beneficial influence is mediated by the phytohormone, Indole-3- acetic acid (IAA), while indirect means
of plant growth promotion (PGP) involve biocontrol and antimicrobial compounds. The biochemical basis of IAA biosynthesis and its genetic
improvement in natural isolates of Azospirillum brasilense SM and Pseudomonas fluorescens Psd were carried out. IAA biosynthesis in strain
SM follows a tryptophan (Trp)-dependent pathway while in Psd both Trp-dependent and -independent pathway are present. A pathway, Indole
acetamide pathway (IAM) involving Trp-2-monoxygenase and Indole-3-acetamide hydrolase was identified in Psd. The Trp side chain oxi-
dase pathway is also being looked into for its role in IAA secreted by these cells. Strain SM, on the other hand, synthesizes IAA only by the
indole pyruvate pathway (IPyA). The net effect of these strains was assessed by coinoculation. These conditions, wherein strain Psd out-
competed strain SM as it grew faster, nevertheless, benefited the growth of both strains. Moreover, the PGP could be maintained under
various nutrient and environmental fluctuations as well as coinoculation. IAA over-producing derivatives of A. brasilense SM and P. fluores-
cens Psd generated either by targeted engineering of the IAM pathway genes in both the strains on a high copy number plasmid subse-
quently resulted in 3-5 folds increase in IAA produced and an improvement in the PGP response, which corroborated the increased IAA in
recombinant strains. However, in case of Psd derivatives the extremely high level of IAA proved detrimental to growth of the host plant, sor-
ghum. This over-expressing strain in conjunction with the lower IAA producing wild type strain, showed a better response on the host plant
as compared to the individual set. The gene, ipdC, coding for Indole pyruvate decarboxylase, of the IPyA pathway, when used for homolo-
gous or heterologous over-expression also resulted in 2.5-3 folds improvement in IAA production levels. When such recombinant strains were
tested with sorghum they showed an improvement in the seedling growth and root lateral branching, over and above the effect of the wild
type strain after 2 weeks. The efficacy of the PGP strains has also been established at 10 and 16 weeks post bacterization.

P-1145
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Rooting induction of olive plants cuttings by plant growth promoting rhizobacteria
Montero Calasanz Marìa Del Carmen, Santamarìa Linaza Carmen, Albareda Contreras Marta, Daza Ortega Antonio, Camacho Martìnez-Vara de Rey
Marìa

IFAPA, Centro Las Torres-Tomejil - Junta De Andalu Recursos Naturales Y Producciòn Ecològica CTRA. Cazalla-Sevilla KM 12.2 41200
Alcalà Del Rìo Sevilla Spain
Chemical agents used to prevent diseases symptoms or to fertilize plants can cause detrimental effects on human health and persist in natu-
ral ecosystems so, in the last decade conventional chemicals products are being replaced by biological agents, such as microorganisms
(bacteria and mycorrhizae). Actually, in organic agriculture it is forbidden to use chemical compounds. 
Free living soil bacteria that provide some benefit to plants are usually referred to as plant growth-promoting rhizobacteria (PGPR).They may
facilitate plant growth and development indirectly through their ability to prevent or decrease the damage to plants or directly through iron
sequestration, phosphate solubilization or the production of plant growth hormones such as indole-3- acetic acid (IAA), the most common
auxin which stimulate root elongation.
Azospirillum brasilense has been widely used as a PGPR owing its capacity to produce and release a broad spectrum of plant growth regu-
lators. Among several A. brasilense strains, the strain Cd was the one that produced the highest levels of IAA. 
Nowadays, the olive propagation adopted by nursery growers, is mostly through semi-woody olive plants cuttings. They are treated during
several seconds with an IAA solution (2-4 mg/L). The use of IAA in organic agriculture is forbidden so to find an ecologic alternative to the
use of IAA is needed.
In this work we have studied rooting induction by the use of some bacteria previously described as highly effective as auxin’s producers, and
others isolated from the rhizosphere of organic olives trees, and selected by its in vitro capacity to solubilize phosphate, and to produce side-
rophores and IAA. 

P-1021

Effect of P availability on the diversity and functioning of mycorrhiza and mycorrhizosphere bacteria in mari-
time pine stands of the Landes forest ecosystem
Domergue Odile1, Plassard Claude2, Prin Yves3, Guinberteau Jacques4, Bakker Mark5, Augusto Laurent6, Trichet Pierre7, Saur Etienne5, Hinsinger
Philippe2, Jaillard Benoît2, Ali Muhammad Arif2, M'Balla Joseph3, Duponnois Robin3, Castells Caroline3, Galiana Antoine3

1 INRA LSTM, Campus de Baillarguet TA82/J 34398 Montpellier cedex 5 France
2 UMR1222 Biogéochimie du Sol et de la Rhizosphère, INRA-SupAgro-M, Montpellier
3 Laboratoire des Symbioses Tropicales et Méditerranéennes, INRA-IRD-CIRAD-UMII-SupAgro-M, Montpellier
4 Mycologie et Sécurité des Aliments, INRA, Bordeaux
5 Transfert sol-plante et Cycles des Eléments minéraux dans les Ecosystèmes Cultivés, ENITAB, Bordeaux 
6 Transfert sol-plante et Cycles des Eléments minéraux dans les Ecosystèmes Cultivés, INRA, Bordeaux 
7 Ecologie fonctionnelle et physique de l’environnement, INRA, Bordeaux 

The maritime pine (Pinus pinaster), distributed from Moroccan Atlantic coast to South of Europe, is the most planted forest species in France
with 1 million hectares located in the Landes region. Most of these monospecific plantations grow on sandy acidic soils that are deficient in
mineral elements, phosphorus in particular. Since mycorrhiza associated to pine roots play an important role in P availability, the different fer-
tilization regimes applied to pine plantations throughout the Landes forest could have a direct effect on the diversity and functioning of mycor-
rhiza and their associated bacteria.
We analysed the diversity of pine ectomycorrhiza and that of their associated mycorrhizosphere bacteria (MB) in thirty representative forest
sites ranging from 6 to 93 years-old, along three successive surveys (autumn 2005 to autumn 2006). After intensive mycorrhiza samplings
from soil cores combined to a systematic survey of sporophores, mitochondrial DNA of mycorrhiza and sporophores was sequenced
(ML5/ML6 primers). MB were isolated on trypcase medium from the surface of mycorrhiza and their ability to solubilize P was assessed after
incubation on TCP agar medium. Among the isolated MB, fluorescent pseudomonads, known to include mycorrhization helper bacteria, were
also detected using the King's B medium.
The first results show a great diversity of mycorrhizal species (± 30) with a predominance of Russulaceae species. Clear differences are
observed in the proportion of various fungal species according to the site and between belowground fungal microflora (mycorrhiza) and abo-
veground one (sporophores). The proportion of MB able to solubilize inorganic phosphate is significantly higher in non-P-fertilized plots than
in those regularly fertilized with P, 70% vs 45% respectively. Among all the MB isolated, the proportion of fluorescent pseudomonads varied
dramatically according to the season, i.e. from about 5% in autumn to 45% in spring.
16S gene sequencing of MB will be performed to investigate specific affinities and functional relationships between bacterial and fungal part-
ners.
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Attenuations in rhizosphere selectivity: genetic approach to modify plant interactions with parasitic weeds and
AM fungi
Gadkar Vijay2, Kapulnik Yoram12

1 The Volcani Center Agronomy and Natural Res. Bet Dagan 25250 Bet Dagan Israel
2 Institute of Plant Sciences, the Volcani Center, ARO, PO Box 6, Bet Dagan 50 250 ISRAEL

The rhizosphere encompasses the millimeters of soil surrounding a plant root where complex biological and ecological processes occur. At
the interface of a living plant root and soil a huge amount of molecular dialogue is mediated by variety of signaling molecules of diverse che-
mical origin. The use of host mutants deficient in its ability to interact with rhizospheric microbes is an attractive option to both understand
and modify the dynamics of rhizospheric functioning. Through fast-neutron mutagenesis we identified three mutants in tomato (L. esculen-
tum), defective in their ability to interact with the arbuscular mycorrhizal fungi (AMF) i.e. Myc- phenotype. In addition, usomg the same bulk
of mutants we identified a mutant (ORT10) that was resistant to the pathogenic Orobanche (broomrape). All the mutants affected the pre-
contact phases of the interaction a phase which is extremely important in the AMF or Orobanche ontogeny. While the genetic basis of the
defect is being studied, these mutants provide us with a unique opportunity to study the genetic basis of plants' ability to modify the rhizos-
phere. The identified Myc- mutants was found to differentially interact with different AMF species, thereby providing us the opportunity to dis-
sect differential interaction within an AMF population. Similarly, the ORT10 tomato mutant resisted Orobanche aegyptiaca Pers, however,
when tested against other Orobanche species, a differential resistance response was obtained. The ability of root exudate to alter plant rhi-
zosphere, quantitatively and qualitatively, serves as an important factor in successful colonization processes and would be extremely impor-
tant in future sustainable agriculture. 

P-1115

Characterization of pre-mycorrhizal infection (pmi) mutant mycorrhizal phenotype through backcross
Gadkar Vijay12, Wininger Smadar2, Bonfante Paola3, Novero Mara3, Kapulnik Yoram2

1 The Volcani Center Agronomy and Natural Res. Bet Dagan 50205 Bet Dagan Jamaica
2 Institute of Plant Sciences, the Volcani Center, ARO, PO Box 6, Bet Dagan 50 250 ISRAEL
3 Dipartimento di Biologia Vegetale dell'Università and CSMT-CNR, Viale Mattioli 25, I-10125 Turin, ITALY

A tomato Myc- mutant (M161) previously obtained through fast neutron mutagenesis and designated to possess the pre-mycorrhizal infec-
tion (pmi1) phenotype (David-Schwartz et al., 2001) was further characterized by transferring this trait into a wild-type (WT), through back-
cross (BC) breeding. Three successive generation of the back cross plants were generated and the resulting progeny plants, termed as
“BC1” was characterized for pmi phenotype in the WT background. The BC1 did not differ with respect to WT in any of the biomass assess-
ment parameters i.e. root and shoot growth. The BC1 was found to absolutely resist infection attempts when either spores or whole inocu-
lum (spores + mycelia) of the AMF Glomus intraradices were used. The latter property is in stark contrast to the M161 mutant which got colo-
nized to a limited extent by whole inoculum. The ability of an AMF to infect the BC1 during its initial stages of interaction was strongly depen-
dent on (a.) the type of AMF species and (b.) nature of cultivation system. For e.g. under pot based system, the AMF Gigaspora margarita
did not germinate, however in vitro the fungus germinated, made infections attempts but the intraradical structure were highly aberrant. This
result was similar to one obtained when the AMF Gl. mosseae was used. However, when the AMF Gl. intraradices was used, a normal arbus-
cular development was observed, suggesting a differential ability of BC1 to interact with different AMF species. In BC1 an alteration in the
normal hyphae structure could be observed while in WT roots a normal “PARIS” type of intraradical structures were observed. Due to the
severe Myc- phenotype of the BC1 with Gl. intraradices, attempts were made to characterize the chemical moiety responsible for the pmi
phenotype. Characterization of the BC1 mutant and its novel application in ecological studies would be presented.

P-1116

Unraveling relationships between Ragwort plant performance and arbuscular mycorrhizal fungi, using molecu-
lar techniques
Van de Voorde Tess, Bezemer T. Martijn, van der Putten Wim H.

Wageningen University and NIOO-KNAW WUR, Nematology Boterhoeksestraat 48 6666 ZG Heteren Netherlands
Ragwort (Jacobaea vulgaris, previous nomenclature Senecio jacobaea), is an early successional plant species that disappears relatively
quickly during secondary succession. We hypothesized that this decline in ragwort abundance is caused by soil organisms. To test this hypo-
thesis we took soil samples from a long-term grassland biodiversity field experiment in which ragwort abundance was recorded annually and
varied considerably between plots. In the greenhouse we carried out a bioassay by growing ragwort in sterilized soil inoculated with soil col-
lected from the different field plots. There was a strong negative relationship between ragwort root biomass in the bioassay and ragwort abun-
dance in the field, indicating that the decline in ragwort abundance is indeed likely to be due to soil microorganisms that negatively influence
root growth. In the field we collected 12 individual ragwort plants from different plots and determined the arbuscular mycorrhizal fungal (AMF)
community colonizing the roots of each plant, using nested PCR and sequencing techniques (LSU rDNA). A total of 150 clones were sequen-
ced. Phylogenetic analysis indicated that sequences could be grouped into 9 clusters. Within a single plant root up to six clusters were found
indicating high mycorrhizal diversity in this natural grassland system. However, no clear relationship between AMF species composition and
J. vulgaris abundance was observed. Further research will focus on other soil parameters that are associated to this plant species and that
can be important for the decline in J. vulgaris abundance during secondary succession.

P-1121
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Effectiveness of mycorrhizal fungi in promoting growth of calcifuge Eucalyptus seedlings in a calcareous soil
Adjoud-Sadadou Djamila, Halli-Hargas Rosa

Univ. Mouloud Mammeri Biologie Rte de Hasnaoua 15 000 Tizi Ouzou Algeria
The root associated microbiota comprises a variety of microbial groups. This study deals with mycorrhizal fungi. Symbiosis between these
fungi and plants enhance ability for nutrient uptake and alleviate effects of adverse environments (including physical and chemical compo-
sition of soil), improving plant health and growth. In this study, Eucalyptus seedlings have been grown in soil sterilized or not. Most species
of the genus Eucalyptus are calcifuge species. Three calcifuge species and a calcicole one were used. Rhizospheric soil was collected
around aged eucalypt trees, in a stand presenting a calcareous soil. A previous study of the mycorrhizal status of these eucalypts revealed
many mycorrhizal fungi which were identified. Seedling height, number of leaves, root length and number of secondary roots were recorded
over two months. Roots were observed for a qualitative study and mycorhizal root lengths were assessed. Results showed that in non ste-
rilized soil, seedlings of the calcifuge species grew well and no chlorosis was observed. Calcicole E. seedlings showed no chlorosis in ste-
rilized soil but their growth was significantly enhanced in non-sterilized soil. A lot of mycorhiza were observed on roots of all seedlings grown
in non sterilized soil. These results suggest that mycorrhizal fungi have a beneficial impact on tolerance of calcifuge E. species to soil cal-
cium carbonate and promote their growth.

P-1184

PGPR, phytohormones and their influence on gene expression profiles of Solanum lycopersicum
Oggerin de Orube Monike1, Rubio Víctor1, Marín Irma2

1 Centro de Ciencias Medioambientales-Instituto de Ciencias Agrarias- CSIC Protección Vegetal C/ Serrano 115 dpdo 28006 Madrid, Spain
2 Centro de Biología Molecular Severo Ochoa. UAM. 28049 Madrid, Spain

It is well established that some bacterial strains produce compounds that can affect plant growth and development such as Plant Growth
Regulators (Phytohormones), which regulate plant development since germination to senescence. Usually, to evaluate the effect of Plant
Growth Promoting Rhizobacteria (PGPR) on plant growth a number of parameters have been used like stem and root length, dry weight,
number of leaves, number of flowers and fruits amongst others, but in general it has not been determined how could be affected the plant
gene expression treated with PGPR. In this research we have optimized Mass Spectrometry technique to detect the different compounds in
cultures of several PGPR that could affect plant development, finding interesting results about. On the other hand we have assessed the
influence of PGPR and the compounds produced by them over plant gene expression along time by hybridising extracted mRNA to tomato
cDNA microarrays. The results obtained in these experiments may help to consider seriously the use of PGPR in agriculture as an alterna-
tive method to conventional fertilization methods.
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Different clones of the soil fungus Trichoderma are known to increase rootstocks development of grapevines (F. Delucca, et al 2003), and
works with a certain antipathogenic efficiency against wood decay, thanks to a preventive colonisation of rhizosphere (Larignon, 2005). The
purpose of the study was (i) to determine the impact of the soil fungus Trichoderma atroviride on garden species and horticultural crops :
colonisation of soil, wood vessels, increase in growth of leaves and (ii) to evaluate its antipathogenic efficiency in grapevine as a conse-
quence of a preventive colonisation of the rhizosphere. 

Microbiological analyses of cuttings of grapevine inoculated with T. atroviride showed that the fungus was able to settle in the woods ves-
sels. Such colonisation was especially rapid and complete when cuttings were treated with hot water.

Secondly, the agronomic observations of grafted grapevine inoculated with T. atroviride (liquid solution or root coating) in tree nursery indi-
cated that the development of leaves was faster for plants treated with a solution of spores of the fungus. 

Finally, the study of the dynamics of T. atroviride population in different soils demonstrated that the fungus colonised the soil efficiently, espe-
cially when it was enriched with organic and mineral additives. 

As a conclusion, being able to colonise the rhizosphere and wood vessels and thereby to stimulate the leaf development of garden species
or horticultural crops such as grapevine, T. atroviride confirmed its potential for agricultural applications.
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