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Global change impacts underground: structural and functional impacts on soil-borne microbial communities
Kowalchuk George

Netherlands Institute of Ecology Terrestrial Microbial Ecology P.O. Box 40 6666 ZG Heteren, The Netherlands

In plant-soil systems, methods that attempt to link microbial identity with function are providing insight into the many roles that microbes play,
including the recycling of nutrients, buffering against perturbations such as climate and land use change, and controlling plant pathogens.
Most significantly, microbial ecology of the rhizosphere is moving forward from just describing microbial diversity to trying to elucidate what
it actually does. The recent application of molecular and genomics approaches in microbial ecology is providing access to this reservoir of
diversity, providing the opportunity to better understand how rhizosphere communities function, and how microbial activities might better be
exploited. In this presentation, I will provide a number of examples of how we are attempting to gain insight into the organization of rhizos-
phere communities and the forces that drive microbial community structure, diversity and function in this vital soil compartment. Special
emphasis will be paid to the effects of environmental perturbations and change, specifically the effects of global warming, rising atmosphe-
ric CO2 concentrations and changing land usage. I seek to highlight the advances being made in our understanding of, and attempts to,
unlock the riches of soil-borne microbial kingdoms.
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How genetic pressure of Medicago truncatula acts on the molecular selection and population pattern of its
favourite symbiotic bacteria, Sinorhizobium sp.?
Rangin Cécile1, Béna Gilles1, Brunel Brigitte1, Perrineau Marie-Mathilde1, Mauré Lucette1, Mougel Christophe2, Cleyet-Marel Jean-Claude1

1 LSTM TA A-82/J, Campus International de Baillarguet 34398 Montpellier cedex 5, France
2 UMR Microbiologie et géochimie des sols, Inra Dijon, 17 rue Sully BP 86510, 21065 Dijon cedex, France

Nitrogen-fixing Sinorhizobium sp. bacteria interact with Medicago truncatula plants, forming root nodules in this nitrogen fixation symbiosis.
When rhizobia colonize the rhizosphere of legumes, symbiotic specificity is expressed at two levels, among-species for nodulation ability and
within-species for nodulation competitivity. 

We investigated the genetic diversity of 223 Sinorhizobium sp. strains isolated from nodules sampled from four Medicago truncatula fixed
lines, each issued from distinct geographic areas, and cultivated on the same French soil. The DNA molecular polymorphism of isolates was
analyzed by CE-SSCP and RFLP on 5 loci chosen either for species characterization or for their involvement in symbiosis and effectors trans-
location pathways. 

Although more than 90% of the sample bacteria belonged to Sinorhizobium medicae (others belonging to S. meliloti), statistical tests sho-
wed a significant differentiation among M. truncatula lines for bacterial species proportion. Conversely, on the basis of the four other loci ana-
lysed, we could not detect any significant among-lines population differentiation, for each bacterial species. Nevertheless, several rare strains
isolated were specific from a single plant line. Thus, we compared the nodulation ability and the fixation efficiency of these isolates on the
different M. truncatula lines used for trapping. Moreover, to enlighten the role played by bacterial genetic diversity on nodulation competiti-
vity, intraspecific competition assays were performed with genetically different strains on 80 plants. Hence, SNP molecular genotyping of 200
nodules allowed the choice of the most competitive strain for each of the two Sinorhizobium species. Therefore, those two strains were tes-
ted for their ability to compete in the formation of nodules on the four Medicago truncatula lines, with inoculation of strains at different ratios
(90/10, 50/50 and 10/90 proportions) on 30 plants each. Results led us to formulate hypotheses explaining the S. medicae versus S. meli-
loti proportions found initially in this bacterial trapping.

This work outlines the influence of the genetic diversity of the host plant on the distribution of symbiotic genotypes in rhizospheric bacterial
populations, and allows a better understanding of bacterial selection in natural and cultivated ecosystems.
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Effects of systemically induced resistance on the indigenous rhizosphere and phyllosphere microflora of
Arabidopsis thaliana
Doornbos Rogier, Vervoort M.T.W., van Loon L.C., Bakker P.A.H.M.

Utrecht University Plant-Microbe Interactions Postbus 80.084 3508 TB Utrecht, The Netherlands

Pathogen-induced Systemic Acquired Resistance (SAR) and Induced Systemic Resistance (ISR) mediated by non-pathogenic rhizosphere
bacteria are phenotypically similar in that upon challenge inoculation disease severity is reduced and the growth and/or activity of the chal-
lenging pathogen is reduced. In how far SAR or ISR affect the non-pathogenic microflora in the rhizosphere and phyllosphere is as yet unk-
nown. To study possible effects on the indigenous microflora we used the model plant Arabidopsis thaliana, of which constitutive expressers
of induced resistance and mutants impaired in expression of SAR and/or ISR are available. Changes in population density and diversity of
the resident microflora were studied by selective plating and by denaturing gradient gel electrophoresis (DGGE) of PCR amplicons of the
small subunit rRNA genes, using primers specific for various microbial groups, including eubacteria and Pseudomonas spp.

Qualitative analysis using DGGE did not demonstrate differences in the rhizosphere microflora between any of the A. thaliana lines tested.
However, a quantitative analysis using selective plating revealed significant differences in bacterial numbers of both the rhizosphere and phyl-
losphere of several salicylic acid-signaling mutants compared to the wild-type Col-0 plants. Effects of induced resistance on the biodiversity
of the indigenous rhizosphere and phyllosphere microflora are currently under investigation.
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Assessing and tracking the functional diversity of forest soil microbes in coastal British Columbia, Canada
Winder Richard, Dale Phyllis

Natural Resources Canada / Canadian Forest Service Pacific Forestry Centre 506 West Burnside Rd. V8Z1M5 Victoria B.C., Canada

In the coastal Douglas-fir forests of Canada, several projects are underway to understand the dynamics of microbial communities in forest
soils. We are gathering information concerning the dynamics of microbial communities (e.g. nitrogen cycling bacteria, methanotrophic bac-
teria, fungi) responding to ‘baseline’ variables such as the degree of tree retention after harvest, the seral stage of the site, or the producti-
vity of the site. Using denaturing gradient gel electrophoresis (DGGE), we have detected fragments corresponding to the methane monooxy-
genase gene (pmoA2) of the so-called “uncultured forest soil methanotrophs”. Several fragments corresponded to different site types or sea-
sons. However, no significant differences in overall diversity of this group were observed. DGGE was also used to assay bacteria containing
the nitrogen reductase (nifH) gene. Of 46 positive signals detected with DGGE, subsequent incorporation into microarray tests found that 28
were actually ubiquitous, nine were seasonally variable in control and clear-cut plots, four were variable with respect to spatial distribution,
and three (a Paenibacillus species, an unnamed member of the Intrasporangiaceae, and an unnamed N-fixing bacterial species) were spe-
cific to clear-cuts. Again, differences in the overall diversity were not significant. Regarding the impacts of forest management methods, we
have examined fungal diversity among plots with different levels of tree retention, age, and N-fertilization using 18S rDNA primers and DGGE.
We found no statistically significant differences in fragment distribution across the different sites; however, other functional groups continue
to be evaluated. We have also examined the impact of a fungal biological control agent (Chondrostereum purpureum), using both universal
and nifH primers-specific for Frankia, Azospirillum, Herbaspirillum, and nitrogen-fixers in the Rhizobiales family. There were no significant dif-
ferences in the number of nifH DGGE bands between the treatments, suggesting that any negative effects from the different vegetation-
management treatments on nitrogen-fixing community were transient. In conjunction with the field work, we have developed a database
named the Edaphic Indicator Research Tool (EdIRT); the purpose of the database is to correlate microbial indicators with environmental
conditions and impacts, linking microbial genetic sequences and other signals with details concerning the environment of origin.

O-528

Culturing the ‘unculturables’; a challenging approach to recover new species from the leek (Allium porrum) rhi-
zosphere
Nunes da Rocha Ulisses1, Dini Andreote Fernando2, van Elsas Dick3, van Overbeek Leo1

1 Plant Research International (PRI) Droevendaalsesteeg 1, number 107 Postbus 166700AA Wageningen, The Netherlands
2 Universidade de São Pauso, ESALQ, Departamento de Genética, Piracicaba, São Paulo, Brazil
3 University of Groningen, Department of Microbial Ecology, Kerklaan 30, 9715 NN Haren, The Netherlands

It is generally accepted that between 1-5 % of the bacteria present in soil can be cultured. Lack of colony growth is partly due to restricting
growth conditions most commonly practiced in many laboratories. Further, part of the culturable fraction is ignored because of the formation
of extremely small colonies, often less than 250µm in diameter and thus not detectable by the naked eye (so called microcolonies - µC).
The number of culturable bacteria from leek rhizosphere samples was improved by application of different growth conditions. In this approach
it was compared colony numbers and species diversity by plating at standard conditions on R2A, and incubated at atmospheric CO2 (0.035%)
and O2 (21%) concentrations (Normal CO2/O2), with those obtained on oligotrophic agar (OLI), either or not amended with catalase (100
u/mL) or leek root exudates, with or without incubation at high CO2 (6%) and low O2 (15%) concentrations (High CO2/O2). Colony formation
was followed in time to up to 16 days after plating and both colonies visible by naked eye as well as µC were counted. Total bacterial cell
numbers in the leek rhizosphere was determined by DTAF staining followed by confocal microscopy. Percentages of cells capable to form
µC were between 5.2 (non-amended OLI incubated at Normal CO2/O2) and 13.3 (OLI with catalase at High CO2/O2), in contrast, no µC was
found on R2A. The identity of the microcolonies was determined by partial sequences of 16S rRNA using the RDPquery databank. This ana-
lysis revealed that some of the microcolonies found on OLI with catalase and incubated at High CO2/O2 showed nearest matches with genus
of Alcaligenaceae (91.5% similarity), whereas others found on the same medium but incubated at Normal CO2/O2 matched with the order of
Alphaproteobacteria (86.2%) and family of Shingobacteriales (88.9%). In OLI with leek root exudates and incubated at Normal CO2/O2 some
microcolonies found nearest match with genera of Incertae sedis V (84.9%) and Rhizobiaceae (89.5%) and the family of Burkholderiales
(93.8%). Part of the µC found on OLI without amendments and Normal CO2/O2 showed nearest matches with families of Burkholderiales
(94.5%), Rhizobiales (89.5%) and genera Comamonadaceae (95.1%). These results indicate that new species were recovered from the leek
rhizosphere by application of different growth conditions. The role of these new species will further be explored to unravel the mechanism of
disease suppression in the leek rhizosphere.
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Molecular detection of anammox bacteria in terrestrial ecosystems
Humbert Sylvia1, Tarnawski Sonia1, Mallet Marc-Philippe1, Fromin Nathalie2, Aragno Michel1, Zopfi Jakob1

1 University of Neuchâtel Institute of Biology, Laboratory of Microbiology Emile-Argand 11 2009 Neuchâtel, Switzerland
2 CEFE, CNRS, 1919 Route de Mende, cedex 5, 34293 Montpellier, France

Anammox represents the anaerobic, microbial conversion of ammonium to dinitrogen gas with nitrite as electron acceptor and hydrazine and
hydroxylamine as intermediates. It is the most unexplored part of the biological nitrogen cycle but its biogeochemical role is increasingly esta-
blished. Anammox has been detected in marine sediments but seems to be particularly important in oceanic oxygen minimum zones where
it can account for up to 67% of the total N2 production. Furthermore, this process has already found important applications in modern water
purification systems treating high ammonium wastes. However, virtually nothing is currently known about the distribution, abundance, and
activity of anammox bacteria in terrestrial ecosystems. Anammox depends on the concomitant presence of both oxidized and reduced nitro-
gen compounds under anoxic conditions. Thus anoxic microenvironments in soil aggregates, the rhizosphere of plants or oxic/anoxic inter-
faces in waterlogged soils represent potentially suitable microenvironments where anammox bacteria may be active. In a first step we focu-
sed on the detection of anammox bacteria in a wide range of terrestrial ecosystems. Bulk soil and rhizosphere material of different plant/soil
systems from agricultural land, riparian zones, permafrost, and peat bogs, as well as sediment of a contaminated aquifer was screened using
a nested PCR approach. In many tested samples PCR products of the correct size were obtained but frequently also unspecific amplifica-
tion was observed, suggesting that the specificity of the primers is limited. Thus clone libraries of Planctomycetes or anammox bacteria were
established in order to verify the presence of anammox bacteria and to determine specificity and coverage of the different primer combina-
tions. So far three out of the four known candidate genera of marine anammox bacteria could be detected in terrestrial ecosystems. A site
where anammox bacteria are abundant has been selected and their spatial distribution along a soil profile is being studied and related to bio-
geochemical parameters.
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Both functional and 16SrRNA marker genes reveal bacterial responses in bulk- and birch root-associated soil
during PAH bioremediation
Yrjälä Kim1, Keskinen Anna-Kaisa2, Åkerman Marja-Leena3, Fortelius Carola3, Sipilä Timo2

1 University of Helsinki P.O.Box 56 00014 University of Helsinki, Finland
2 Department of Biological and Environmental Sciences, P.O. Box 56 (Biocenter 1C), University of Helsinki
3 EVTEK University of Applied Science, Leiritie 1, 01 600 Vantaa, Finland

In bioremediation of polluted soil the natural catabolic potential is put in action. The knowledge of this potential is limited both on bacterial
species and catabolic degradation pathway level due to difficulty in culturing the large diversity of bacterial species in soil. To comprehend
the bacterial response in PAH-polluted soil and birch rhizosphere-associated soil we monitored bacterial communities using functional aro-
matic ring-cleavage genes and 16SrRNA marker genes in monitoring phytoremediation. The extradiol dioxygenase ring-cleavage gene pro-
ducts were analysed by RFLP and 16S rRNA products by T-RFLP to show both the actual catabolic community and the general changing
bacterial community with the aim of identifying dominating bacteria in PAH bioremediation. Functional marker gene analysis showed drama-
tic shifts in catabolic community structure upon PAH addition and the 16SrRNA bacterial community changed simultaneously. Betula pubes-
cens rhizosphere-associated soil had a more diverse functional catabolic community structure than bulk soil, whereas on general bacterial
level such a shift was not detected. The origin of retrieved novel functional ring-cleavage genes could only tentatively be estimated by
sequencing of 16S rRNA in PAH polluted soil. Sequence analysis showed inevitably that alpha and beta-Proteobacteria were activated upon
PAH addition and they are also putative hosts of found novel extradiol dioxygenases. Biodegradation was detected by HPLC analysis, but
removal of the four-ring pyrene was less effective than the removal of lower molecular weight PAHs, anthracene and fluoranthene.
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Secondary metabolite production confers high competitive advantage for Pseudomonas fluorescens CHA0
through grazing resistance against protozoan predators (Acanthamoeba castellanii)
Jousset Alexandre, Scheu Stefan, Bonkowski Michael

TU Darmstadt Zoologie Schnittpahnstrasse 3 64283 Darmstadt, Germany

The bacterium Pseudomonas fluorescens CHA0 is a common colonizer of plant roots and is known to improve plant performance and resis-
tance to root pathogens. Efficient exploitation of these ‘plant growth promoting rhizobacteria’ in agriculture requires knowledge of traits that
enhance the ecological performance of the bacteria in the rhizosphere. 

Pseudomonads produce a diverse array of secondary metabolites, such as hydrocyanic acid and DAPG. The production of these metaboli-
tes is a costly process and it is generally believed that the advantage lies in the competitive suppression of rhizosphere colonizing microor-
ganisms (bottom-up factors). In fact, antagonism against competing rhizosphere bacteria and inhibition of fungal plant pathogens such as
Pythium spp and Fusarium spp., or root knot nematodes has been demonstrated for DAPG-producing Pseudomonads. However more
recently, grazing of microfauna, mainly protozoa, has been shown to strongly affect the composition of rhizosphere communities (top down
regulation). 

We set up a microcosm experiment to determine whether the production of secondary metabolites by Pseudomonads is more important for
the suppression of bacterial competitors or for grazing resistance. We observed a relatively low direct interaction with other rhizobacteria
(bottom-up regulation), but a very strong competitive advantage due to grazing resistance (top-down regulation).

Considering that bacteria-protozoa interactions evolutionary represent the oldest predator-prey system on Earth, it may be suggested that
biocontrol properties of rhizobacteria are a side effect of a more ancient necessity to fend off predators. Our results demonstrate that the
consideration of the soil food web context is a key factor for the success of bacterial biocontrol applications.

O-658

Genetic and biochemical diversity of indigenous rhizobia in Mexico
Nava Daniel1, Miranda Mariana1, Munive Antonio2, Villegas Ma. del Carmen1

1 Centro de Investigacion en Biotecnología Aplicada- Carretera Estatal Tecuexcomac-Tepetitla km. 1.5 90700 Tepetitla Tlaxcala, Mexico
2 Laboratorio de Microbiología de Suelos, Instituto de Ciencias, Benemérita Universidad Autónoma de Puebla, Mexico

Native rhizobia present in soil show different ecological patterns to establish the nitrogen-fixing symbiosis. These patterns involve the com-
petitive capability, symbiotic specificity and nitrogen-fixing rate; depending on their adaptation to local ecological conditions. In order to ade-
quately follow the introduction of bacterial strains as biofertilizers, genetic characterization of the microsymbiont by molecular markers is very
useful. It allows achieving local validation of biofertilizers. In this work, bacterial strains were isolated from nodules of different legume crops
(Phaseolus vulgaris, Vicia faba, Pisum sativum, V. sativa and Medicago sativa) and soil samples of sixteen localities from three states in
Mexico: Puebla, Tlaxcala and Zacatecas. Biochemical diversity was evaluated using API20 NE galleries, acetylene reduction activity and
competitive capability. These rhizobia strains were also compared by 16S rDNA, nifH and nodC gene sequence analyses. Genetic charac-
terization of native strains is important because this kind of analysis have not considered bacteria present under non-legume crop site condi-
tions in Mexico. As expected, native strains isolated showed different capabilities to nodulate. Interestingly, nodulating and nitrogen-fixing rhi-
zobia strains were also isolated from sites with no record of legume crop during decades. Since the implementation of crop rotation with legu-
mes is an alternative to avoid problems of monoculture in Mexico, as a sustainable system, we followed the efficiency of native strains under
different crop conditions. Permanence in soil of bacterial strains used as biofertilizers was followed using the genetic characterization data.
After first inoculant application, benefits on grain production were evident. It is necessary to continue this work, to determine the establish-
ment of the rhizobia strains inoculated on the system and their effects on the legume and cereal crops.

O-759



Fertilization affects bacterial and fungal composition and diversity of a Chinese upland red soil
He Ji-zheng, Zheng Yong

Chinese Academy of Sciences Research Centre for Eco-environmental Sciences 18 Shuangqing Road 100085 Beijing, Peoples Republic of China

Effects of long-term application of organic and chemical fertilizers on soil bacterial and fungal composition and diversity were investigated by
using the conventional culturing method and the DNA-based molecular approaches. An upland red soil, derived from quaternary red clay in
the Red Soil Ecological Station (28º15'N, 116º55'E) at Yingtan, Jiangxi province of China, received the continuous applications of manure
(Manure), crop biomass return (Return), and chemical fertilizers of NP, NK, PK and NPK since 1988. The experimental plots were randomly
arranged with four replicates of each plot of 33.3 m2. Results showed that the treatments with organic matters (Manure and Return) had the
least cultured bacterial colony formation units (CFUs) but highest bacterial diversity as demonstrated by the DGGE patterns. The applica-
tions of chemical fertilizers (treatments NP, PK and NPK) had less effect on soil bacterial composition and diversity, and the NK treatment
had the lowest counts of bacteria and diversity. For the fungi, the largest CFU counts were obtained but much less DGGE bands were detec-
ted for the Manure treatment. Similar to bacteria, the lowest fungal counts and diversity were also found in the NK treatment. These results
suggested that P could be the major limiting factor of soil microbial diversity in this red soil. This is in consistent with the observations of that
P deficiency is the limiting factor of crop production in the area. Conventional culturing identification of the characteristic bacterial and fungal
genera showed that fertilization resulted in differences in composition of bacteria and fungi. 42.4% of the identified cultured bacterial isola-
tes were affiliated to members of Arthrobater, Aspergillus and Penicillium, while Mucor was the most frequent fungal genus which accoun-
ted for 46.5% of the identified cultured fungi. On the other hand, Cloning and sequencing analyses of the DGGE bands revealed that uncul-
tured bacteria and proteobacteria were the predominant bacterial types, and Tetracladium marchalianum and Auricularia sp. PBM2295 were
the predominant fungal types in their clone libraries.

Poster presentationst
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Gluconacetobacter diazotrophicus is reported among the rich endophytic bacterial population of north Sinai
desert plants
Amera Hanna2, Hanan Youssef2, Mervat Hamza2, Wafaa Amer3, Mohamed Abbas2, Mohamed Monib2, Nabil Hegazi2, Fayez Mohamed1

1 Cairo University, Faculty of Agriculture Agricultural Microbiology Faculty of Agriculture, Cairo University 12613 Giza, Egypt
2 Faculty of Agriculture, Cairo University, Giza, Egypt
3 Faculty of Science, Cairo University, Giza, Egypt

Othman et al. (2003) presented original data on RMO associated to the flora of north Sinai desert ecosystem. For further information on
endophytic RMO, the present study included 43 plant species representing 21 families of north Sinai flora, sampled during the rainy seasons
of 2004 and 2005. Among the richest plants (> 106-109 cfu g-1 dwt root) were Eremobium aegyptiacum, Euphorbia retusa, Fagonia mollis and
Malva parviflora. The list of the poorest included Pancratium maritimum, Zygophyllum album and Svignya parviflora. The majority, if not all,
of the endophytic population were of diazotrophic nature. 

Several hundreds of isolates representing the endophytic RMO were obtained. Of particular interest are those possessing morphological,
cultural, nutritional and acetylene-reduction characteristics similar to those of Gluconoacteobacter diazotrophicus. The API 20 E and 20 NE
profiles confirmed the relatedness of 21 isolates to the type strain ATCC 49037. The present results and those of Youssef et al. (2004) clearly
indicates that the bacterium is not confined to sugar plants, instead is having a promiscuous nature among cultivated and wild plants. 

Plants possessing rhizosheath, of compacted sandy layers around the root, were common; 8 belonged to Gramineae and 1 to Cyperaceae.
In agreement with the results of Othman et al. (2004), the microbial population of the rhizosheath was richer than the free sand (<108 cfu g-1

dwt), and comparable to that of the ecto-rhizosphere (>108-109 cfu g-1 dwt). A phenomenon demonstrates that the sand rhizosheath is a natu-
ral continuum to the root and further extending the rhizosphere effect and RMO to the soil-plant system.

Othman A Amal et al., (2003). Archives of Agronomy and Soil Science, 49, 683-705.
Othman A Amal et al., (2004). Microbiological Research, 159, 285-293. 
Youssef H Hanan et al., (2004). Biol. Fertil. Soils, 39, 391-397.

The studies were financed by the Egyptian Ministry of Agriculture and Land Reclamation through The French-Egyptian Project BLAFE/
FC/31/3-94 "The national project on agro-technologies based on biological nitrogen fixation for the development of Sinai agriculture".

P-564

Contribution to the ecobiological study of Pseudomonas fluorescens in the rhizosphere (area of Mascara
Northern Algerian West)
Meliani Amina

Laboratoire de Recherches Systèmes Biologiques et Biologie, Centre Universitaire Mustapha Stambouli BP 763 29000 Mascara, Algeria

It is now over 30 years since Pseudomonas sp. have been known as potential agents of biological control. Algeria like the other country in
the process of development, always pay the harmful consequences of the improper use of plant health protection products. In the connec-
tion of this problem, this work was undertaken in order to study and to estimate the adaptation of the rhizospheric fluorescent microflora with
the ecopedological conditions of the area of Mascara. For that, a prospection was carried out in three stations characterizing different eco-
systems, at the level of different rhizosphere to estimate microbiological and physicochemical soil properties. The results obtained ensure us
to seize some characteristics of P. fluorescens ecology. The distribution of this latter was correlated significantly (P< 0,05) with the majority
of the station factors. It comes out from this study that the microbial density on the level of each rhizosphere was very diverse where a pre-
dominance of P. fluorescens had been signaled.

P-1191
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Effects of interaction of aluminum and fluorine stress on soil
Fu ShaoGugang1, Luo Hong1, Liu Peng1, Xie Zhonglei2, Xu Gendi1, Chen Jun1

1 Zhejiang Normal University Key Lab of Botany Yingbin Road No.688 321004 Jinhua Zhejiang, Peoples Republic of China
2 College of Environment and Resources, Jilin University, Peoples Republic of China

Soil microorganisms and enzymes are main components of soil biological and biochemical properties. They are reported to be the most
important factors in soil of plant, especially the microorganisms, and they have become one of important target evaluating the soil. The rhi-
zosphere is the micro environment where plant roots are contacted with soils and the roots, and microbes are closely combined and inter-
act with each other in soils. Soil microbes play an important role in nutrient conversion, decomposition of organicmatter, degradation of pol-
lutants, and soil remediation. Therefore, soil microbiology has become more and more attractive. While Aluminium is mostly present in solids
in soil in acidic conditions, the proportion of soluble aluminium increases and can become harmful to plants.

In China, with the problem of acid rain becoming serious, the problem of aluminium and fluorine stress on plant and soil has been more
serious. Especially their interaction should not be neglected any more. Camellia sinensis L. is a plant species which accumulates aluminium
and fluorine, at concentrations evidently higher than other plants. It may be harmful to people who consume it. However, a lot of investiga-
tions have been done on only aluminium or fluorine effects on tea plant, but few has been done upon the stress of interaction of both on rhi-
zosphere microbes. So, this experiment compared two species, white tea and zhirenzao tea, in order to understand the idiographic effect
mechanism of interaction of aluminium and fluorine stress on soil microbes of tea rhizosphere. Several treatments as follows have been
applied to find out more about what better soils conditions Camellia sinensis L. needs, treated by different concentration of aluminium and
fluorine, to quantify their interaction on population of soil rhizosphere microorganisms, and evaluate effects on soil environmental factors.
This work may also help improving the quality and quantity of tea production. The experiment was completed in Zhejiang Normal University,
Jin hua, Zhe jiang, China.

P-628

In situ characterization of endophytic diazotrophs in sugar cane (Saccharum officinale) and the diversity of
their nifH genes
Fischer Doreen1, Schmid Michael2, Auti Asim3, Hurek Thomas3, Massena Reis Veronica4, Hartmann Anton2

1 GSF AMP Ingolstädter Landstraße 1 85764 München Bayern, Germany
2 GSF-National Research Center for Environment and Health, Department Microbe Plant Interactions, D-85764-Neuherberg / Munich, Germany
3 Lab. for General Microbiology, Faculty of Biology, University of Bremen, P.O. Box 33 04 40, D-28359 Bremen / Germany
4 EMBRAPA Agrobiologia, Rodovia 465, Seropédica, RJ, CEP, Brazil

Sugar cane is an important agricultural crop as source for regenerative energy like biofuel. Especially in Brazil sugar cane plays an impor-
tant role for bio-ethanol production to run combustion engines. However, for this purpose the cost of production needs to be minimized and
the environmental impact improved. One way out is the extension of biological nitrogen fixation (BNF) via bacteria in sugar cane crop pro-
duction. In some sugar cane variations up to 80 % of the nitrogen bound in the plant biomass derived from bacterial nitrogen fixation; an
extremely high value for a monocotyledonous plants. This is only comparable to legumes colonized by symbiotic, nitrogen fixing Rhizobia
sp. The bacteria which are involved in this highly efficient nitrogen fixation process are of high scientific and commercially interest but were
only partially known so far.

In this study we wanted to get an insight in the diversity of bacteria associated with samples of low and high nitrogen fixing sugar cane varie-
ties. Therefore culture dependent and culture independent strategies like the full cycle RNA approach were followed. In addition we were
interested in the diversity and activity of nifH genes.

One aim of future studies is the application or inoculation of highly effective diazotrophic bacteria, isolated from the sugar cane endorhizos-
phere, to fields where low nitrogen fixation occurs in order to increase crop yield and biomass.

P-637

Effect of different planting times and isoflavon genisteine concentrations in root zone on nodulation and nitro-
gen fixation of three Medicago species
Amini Dehaghi Majid, Filizaade Yousef , Rezaei-nodehi Ayatolla 

Shahed university Agronomy Department of Agronomy, Shahed university, Tehran 18151/159 Tehran, Iran

In order to study the effect of planting times and genistein on nitrogen fixation, nodulation and other traits related to three annual medics, a
field experiment was conducted in 2004-2005. In this experiment 3 annual medics, 3 levels of planting times (February, 20, March 1 and
10th.) and 2 levels of genisteine (0 and 20 mM) were considered used in root zone. Field experiment was conducted in split-split plot des-
ign in base of complete randomized block with four replications. In field experiment, varieties were significantly different for nitrogen fixation,
nodulation and other traits. M. polymorpha was superior than other varieties in nitrogen fixation and nodulation, root dry matter, and nitrogen
percent. M. polymorpha had a larger ability for nitrogen fixation than other varieties. Second and third planting times yielded greater nitrogen
fixation and forage production than the first planting time. The application of genistein at 20 mM compared with control (0 mM) was more
effective on nodulation and nitrogen fixation under field conditions. This experiment showed that genistein was more effective at environmen-
tal low temperatures on nodulation and nitrogen fixation of annual medics.

P-631



Stable isotope probing of active bacterial community in the rhizosphere
Haichar Feth el zahar1, Marol Christine1, Christen Richard2, Berge Odile1, Balesdent jérôme1, Achouak Wafa1

1 Laboratoire d’Ecologie Microbienne de la Rhizosphère SBVME Bâtiment 161 13108 St Paul lez Durance, France
2 Laboratoire de Biologie Virtuelle, Centre de Biochimie, Parc Valrose, Université de Nice, F-06108 Nice, France

The rhizosphere is the primary site of plant-microorganisms interactions, and a major contributor to carbon cycling in terrestrial ecosystems.
These interactions are very complex and diverse and are essentially mediated by root exudations. However, until recently, the understan-
ding of the nature of these interactions was limited by a reliance on cultivation-based techniques. Stable isotope probing (SIP) provides the
facility to characterize the organisms actively assimilating carbon derived from plant root exudates.

The aim of this study was to determine the host habitat selection by bacterial communities using five plant species; wheat (Triticum aesti-
vum), maize (Zea mays), rape (Brassica napus), Medicago truncatula and Arabidopsis thaliana. Plants were grown under 13C02 (99% of atom
13C) for 25 days, DNA was isolated from extensively washed roots and from the rhizosphere soil. The latter DNA was subjected to density
gradient centrifugation. Root DNA, and heavy and light DNA fractions from the rhizosphere soil of each plant were analysed by denaturing
gel gradient electrophoresis (DGGE) fingerprinting, excising of bands and sequencing. The experiments showed a rhizosphere effect cor-
responding to changes in bacterial community structure issued from heavy DNA fraction, leading to the appearance of new bands and
increase in relative intensities of other bands for A. thaliana, M. truncatula and rape plant, indicating that these bacterial populations are
active through utilization of root exudates. Slight differences were observed between heavy and light DNA issued from maize and wheat rhi-
zosphere soil, suggesting that bacterial populations were stimulated in the early stage of plant growth by seed reserves. DNA-SIP revealed
a particular bacterial genetic structure in the light DNA fraction derived from the rhizosphere soil of maize, rape, Arabidopsis thaliana and M.
truncatula, suggesting a priming effect on soil organic matter degrading bacteria. Plant roots were preferentially and specifically inhabited by
a larger number of bacterial species that belong to the major bacterial divisions

Haichar et al., 2007, Identification of cellulolytic bacteria in soil by stable isotope probing, Environmental Microbiology.

Prosser et al., 2006, Studying plant-microbe interactions using stable isotope technologies, Current Opinion in Biotechnology.
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P-691

Influence of agricultural practices on organic matter mineralization mediated by soil microbial communities
Chiurazzi Mario1, Pascazio Silvia2, Ventorino Valeria1, Crecchio Carmine2, Piccolo Alessandro3, Moschetti Giancarlo4

1 Universita' degli studi di Napoli Federico II Via Universita' 100 80055 Portici (NA) Italy
2 Dipartimento di Biologia e Chimica Agroforestale ed Ambientale, University of Bari, Via Amendola 165/a, 70126 Bari - Italy
3 Dipartimento di Scienze del suolo, della pianta, dell’ambiente e delle produzioni animali, University of Naples Federico II, via Università 100, 80055
Portici (NA) -Italy
4 Dipartimento di Scienze Entomologiche, Fitopatologiche, Microbiologiche e Zootecniche, University of Palermo, Viale delle Scienze, Palermo -Italy

Agricultural practices strongly impact on CO2 emission from soil. For instance, the mineralization of soil organic matter (SOM) is lower under
“no-till” agriculture. Moreover, hydrophobic humic components in soil exert hydrophobic protection towards easily degradable compounds. In
fact, associations of apolar molecules deriving from plant degradation and microbial activity incorporate more polar molecules, thereby pre-
venting their otherwise rapid microbial degradation and enhancing their persistence in soil. A novel understanding of the structural features
of humic substances supports the self-assembly supramolecular association of relatively small humic molecules. This implies that an increa-
sed conformational stability of humus may thus be achieved through formation of intermolecular covalent bonds among heterogeneous
humic molecules by a catalyzed oxidative-coupling reaction.

Soils strongly differing in pedological, chemical and climatic characterisics, located in different Italian regions, were subjected to different
treatments such as traditional and minimum tillage, amendments with compost and biomimetic catalysts, in order to evaluate the effects on
organic matter turn-over. Soil and rhizosphere samples from pots under wheat and maize cropping were sampled at different times and the
fate of microbial population was assessed by a multi-technique approach. Traditional microbial counts were applied to follow the destiny of
group–specific cultivable soil microrganisms, whereas microbial diversity was evaluated by comparing genetic fingerprints obtained by dena-
turing gradient gel electrophoresis (DGGE) of 16S rDNA PCR amplicons.

As expected, plating on selective media showed different results depending on the field under study. Biomimetic catalyst amendment did not
strongly influence the cultivable bacterial population. However, while the treatment on maize rhizosphere on Piacenza soil failed to show
changes in the nitrifying bacteria group, the catalytic treatment on wheat rhizosphere in the fields of Naples and Turin showed a decrease in
nitrifying bacterial numbers. Different factors may affect nitrifying microbial population: 1. difference in rhizodeposition between the crops,
and/or 2. difference in soil texture among the soils. Both factors could reduce the release of NH4

+ from the organic matter that is assumed
to have been strongly stabilized by new bonds promoted by the catalyst. 

This work was supported by FISR-MUR Italy

P-669
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Soil amoeba rapidly change bacterial community composition in the Arabidopsis rhizosphere
Rosenberg Katja, Krome Kristin, Scheu Stefan, Bonkowski Michael 

TU Darmstadt Rhizosphere Ecology Group Schnittspahnstrasse 10 64287 Darmstadt, Germany

The roots of growing plants are densely colonized by a diverse range of rhizosphere bacteria. Since many of these bacteria have the abili-
ties to produce plant hormones and other signal molecules that affect root growth and exudation rates, the composition of rhizosphere bac-
terial communities has a significant influence on the performance of the plant. However, little is known on the quantitative and taxonomic
composition of bacterial assemblages in rhizosphere soil and most importantly, on the factors that drive the succession of bacterial commu-
nities on living plant roots. Bacterivorous protozoa have been shown to be a main force in shaping the structure of bacterial communities in
planctonic and terrestrial ecosystems and changes in bacterial rhizosphere communities may be an important factor for plant growth-promo-
ting effects of protozoa. 

We studied the grazing effects of a common soil amoeba, Acanthamoeba castellanii, on shifts in bacterial community composition in the rhi-
zosphere of A. thaliana. The plants were grown in a sand system with a diverse mixture of soil bacteria in presence and absence of soil
amoebae.

Shoot growth strongly increased in the amoeba treatment compared to the treatment with soil bacteria alone and sterile grown plants. DGGE
banding pattern demonstrate that soil amoebae rapidly changed the composition of the bacterial community. Some bands already disappea-
red two days past inoculation of protozoa. Betaproteobacteria were particularly strongly affected by amoebae. Also within
Alphaproteobacteria and Pseudomonads distinct and repeatable changes occurred in community composition.

This is the first detailed study describing the highly dynamic and significant grazing-induced shifts in rhizosphere bacterial community com-
position due to protozoan grazing.

P-662

Phytoremediation of PAH-contaminated soil influences the global bacterial population and favours PAH-degra-
ders
Cébron Aurélie, Norini Marie-Paule , Beguiristain Thierry , Leyval Corinne 

LIMOS UMR7137-CNRS/UHP Université Henri Poincaré - Faculté des Sciences 54506 Vandoeuvre-les-Nancy Cedex, France

Highly polluted soils contaminated by polycyclic aromatic hydrocarbons (PAH) are found today in many former industrial sites.
Phytoremediation approach, based on combined beneficial effects of plant and associated soil microorganisms, has been developed in our
laboratory supported by the facilities offered within the GISFI (Groupement d’Intérêt Scientifique sur les Friches Industrielles). Twenty four
experimental lysimetric plots have been set up in September 2005 at Homecourt (Meurthe et Moselle, France). The crude soil (NMc) from
an industrial wasteland presenting a high level of PAH contamination (total 16 PAH = 1220 mg.kg-1) was used in 20 plots and 4 plots contai-
ned the same soil treated by thermal desorption (NMtd) where PAH have been almost totality eliminated (total 16 PAH = 90 mg.kg-1). Three
different conditions were tested on NMc soil plots: bare soil, planted with alfalfa and let to spontaneous vegetation; the NMtd soil plots were
planted with alfalfa. During one year and a half period, the evolution of the soil characteristics, the fate of pollutants in the soil and the bac-
terial diversity structure were monitored. Within the time period, no major evolution in 16 PAH concentration was observed but the bacterial
population was subjected to significant modification between the different plots. TTGE highlights the progressive re-colonisation of NMtd soil
and the different bacterial community structures depending on the type of vegetation. To monitor the potential bacterial biodegradation of
PAH, a sensitive quantitative Real-Time PCR based method has been developed and easily implemented on soil samples. This assay gave
quantification results of 16S rDNA and of the alpha subunit of PAH-ring hydroxylating dioxygenases (PAH-RHDa) gene copy number, in order
to estimate the total bacterial biomass and to quantify the Gram-positive (GP) and Gram-negative (GN) PAH degraders. The PAH-degrading
bacteria were favoured within the time period by the presence of plant (alfalfa or spontaneous vegetation). PAH-degraders, mainly represen-
ted by GP Actinomycetes, can represent up to 5% of the total bacterial population when expressed in PAH-RHDa gene copy number rela-
tive to 16S rDNA. On the contrary the unplanted plots and the soil treated by thermal desorption (NMtd) presented a weaker PAH-degraders
proportion (less than 0.87%). Despite the weak decrease in PAH degradation, the modification of bacterial community can indicate an initia-
tion of soil remediation.

P-527

Symbiotic rhizobia from wild herb legumes grow in salt-affected lands in Egypt
Zahran Hamdi, Bedmar Eulogio

Faculty of Science, University of Beni-Suef Department of Botany Salah Salim Street, Al Mermah 62511 Beni-Suef, Egypt

Wild herb legumes are normally seen growing in cultivated salt-affected lands in Egypt. Among these legumes are Medicago intertexta and
Melilotus indicus. The effectiveness of these legumes to form symbiotic association with soil rhizobia was tested under growth chamber
conditions. Surface sterilized seeds were sown in healthy and salt-affected soils, mixed with autoclaved sand and vermiculite. Plants culti-
vated in healthy soils formed large and red pigmented root-nodules, while legumes grown in salt-affected soils formed small and nonpigmen-
ted root-nodules. Bacteria occupying these nodules were isolated from surface sterilized nodules on YEM (yeast-extract mannitol) medium
containing kongo red. The cultural characteristics of these bacteria agreed with those of rhizobia (root-nodule bacteria). 

The distribution of dispersive repetitive DNA (repetitive extragenic palindromic, REP) sequences, in the genomes of bacterial isolates, was
examined for 27 isolates, by using primers corresponding to REP sequences and polymerase chain reaction (PCR). REP sequences are
highly conserved in rhizobia. The patterns of the resulting PCR products were analyzed in TBE agarose gel : the profiles were highly speci-
fic for each strain, while different profiles could be different species. The REP-PCR analysis of the bacteria showed highly varied profiles, the
bacteria were clustered in 14 different clusters. This indicates the diversity of the root-nodule bacteria colonizing salt-affected soils of Egypt.
Identification and the ecophysiological significances of these bacteria are under investigation.

P-398
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Molecular tools to follow bacterial community implicated in the mineralization of ester sulfates in rhizosphere
soil
Piutti Severine, Cregut Mickael, Hehn Alain, Slezack-Deschaumes Sophie, Benizri Emile

UMR INPL-ENSAIA-INRA Agronomie et Environnement 2 avenue de la Forêt de Haye, BP 172 54505 Vandoeuvre les Nancy, France

For crop plants that need sulfur (S) for the synthesis of proteins, the most important form of S is inorganic sulfates. However, inorganic sul-
fates represented only 5% of total S in soil and, as a result, symptoms of deficiency are frequently encountered in plants. Micro-organisms
require S for growth and obtain it mainly as inorganic forms or alternatively from organic S compounds such as sulfonates and sulfate esters.
Anyway, this common interest for acquisition of inorganic S for both, plants and micro-organisms, leads to a strong competition notably in
the rhizosphere.

Arylsulfatase (ARS) is an important soil enzyme catalysing the hydrolysis of sulfate esters (ie the major labile form of organic S in soil) to
generate sulfates. This microbial activity was already characterised in different bacterial genera. 

This work, aiming to the development of molecular tools targeting ARS, was conducted in the following way, (i) definition of primers from mul-
tiple alignments on arylsulfatase gene characterized in different bacteria, (ii) primer validation bacteria isolated from rhizosphere and pos-
sessing arylsulfatase activity, (iii) utilization of the primer to target bacterial community by metagenomic approach.

The data yet available provide us the basis to develop molecular tools. Sequence alignments of various ats A genes available in gene banks
(Pseudomonas aeruginosa PAO1, Klebsiella sp., Mycobacter sp.) were used to design degenerated PCR primers directed against ats A
consensus domains. These primers which have been tested on various rhizosphere isolates belonging to different genera such as
Pseudomonas, Ochrobactrum, Nocardia, Rhodococcus, Sinorhizobium, Cellulomonas, generated a PCR fragment which appeared to be affi-
liated to sulfatase of Pseudomonas fluorescens, arylsulfatase of Rhodococcus RHA1 or sulfatase of Mycobacterium. Finally, these degene-
rated PCR primers will be used in a metagenomic approach in soil to provide data about the density and the diversity the bacterial functio-
nal community and to investigate the role of this functional community in the plant S nutrition.

P-794

BLOs as an integral part of AM fungi: their identification in Glomus species
Naumann Maria1, Bonfante Paola2

1 Universita di Torino biologia vegetale Viale Mattioli 25 10125 Torino Piemonte, Italy
2 Instituto per la Protezione delle Piante CNR, Viale Mattioli 25, 10125 Torino, Italy 

Endobacteria are found in a variety of plant, animal and fungal species. Bacteria like organisms (BLOs) have been described in both ecto-
and endomycorrhizal fungi. 

Within the arbuscular mycorrhizal (AM) fungi, the Gigasporaceae have been the first family for which BLOs have been identified. They were
described as rod shaped microbes, enclosed by a fungal membrane. According to their 16S rDNA sequences they were identified as one
species belonging to the β-Proteobacteria and named Candidatus Glomeribacter gigasporarum (Bianciotto et al., 2003). They are wides-
pread among Gigaspora and Scutellospora species, unculturable so far and vertically transmitted (Bianciotto et al., 2004). The achievement
of Gigaspora margarita spores which have been cured of their endobacteria, suggests that the bacteria have a positive impact on the fun-
gal growth before its symbiotic interaction with the host plant (Lumini et al, 2007). 

By contrast, knowledge on BLOs living in Glomerales is limited to some morphological observations. They have been described as coccoid,
moving freely within the fungal cytoplasm. No information is available on their identity. 

The aim of our investigation is the identification of BLOs and associated bacteria in AM fungi belonging to the Glomerales by using a com-
bination of morphological and molecular methods. In order to avoid environmental contaminations, fungal cultures proliferating in in vitro
conditions on root organ cultures were used, when available and compared with spores from pot cultures. Experiments were so far perfor-
med on isolates of Glomus caledonium, G. claroideum, G. epigaeum, G. etunicatum, G. fasciculatum and G. manihotis. BLO presence was
checked with the CLSM after the application of bacterial stains, by sequencing the 16S rDNA and developing FISH probes to test BLO loca-
lisation.

P-570

Diversity and dynamics in the diazotrophic community in a rice paddy field - nifH PCR-DGGE analysis of DNA
and RNA from rhizosphere and bulk soil
Wartiainen Ingvild1, Mårtensson Lotta1, Zheng Weiwen2, El-Shehawy Rehab1, Rasmussen Ulla1

1 Department of Botany Stockholm University 106 91 Stockholm, Sweden
2 Biotechnology Center, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, PR China

Nitrogen fixing bacteria (diazotrophs) contribute significantly to the fertilization of the paddy soil and hence to rice growth and yield.
Knowledge of the diazotropic community structure and the dynamics, responsible for nitrogen fixation is important for utilization and applica-
tion of this unique biological nitrogen source. Despite the extensive study of biological nitrogen fixation in rice paddy fields, the present know-
ledge of diazotrophs in this ecosystem is largely based on isolation and cultivation methods, which are highly selective because only a limi-
ted number of micro organisms can be recovered from the soil by the traditional methods, underestimating the amount and diversity of dia-
zotrophs. 

In the presented study a molecular approach was undertaken for studying the potential and the active nitrogen fixing community in a paddy
field located in Fujian Province, PR China. DNA and mRNA extracted from bulk and rhizosphere soil samples were amplified using nifH PCR
primers. The profiling were analysed by denaturing gradient gel electrophoresis (DGGE) followed by sequencing of excised bands and phy-
logenetic analysis. Moreover, the expression levels of nifH were quantified using real time RT-PCR.

The results will be discussed in respect to (i) changes between the rhizosphere and bulk soil, (ii) between fertilized and un-fertilized soils
and, (iii) changes as a function of day and night. 

P-792
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Rhizosphere microbial community structure under special crops in a long term field experiment
Palojärvi Ansa, Keskitalo Marjo

MTT Agrifood Research Finland Plant Production Research E-house FI-31600 Jokioinen, Finland

Microbial communities play a key role in soil processes such as organic matter transformation, nutrient cycling and maintaining soil struc-
ture. Above ground plant species affect soil and rhizosphere microbes. Special crops are a group of plants, which are cultivated rarely, but
have potential as production plants. By cultivating special crops, it might be possible to diversify soil microbial communities. Our hypotheses
for this study were: i) annual and perennial plant species have different kind of rhizosphere microbial community structure and ii) plant spe-
cies have the stronger effect on soil microbial communities the longer they are cultivated in a same place.

Nine crop plants were grown in a randomized block design with five replicates during three growing seasons in a field experiment. The annual
test plants were barley (Hordeum vulgare), buckwheat (Fagopyrum esculentum), linseed (Linum usitatissimum), false flax (Camelina sativa)
and quinoa (Chenopodium quinea), and the perennials were reed canary-grass (Phalaris arundinaceae), nettle (Urtica dioica), caraway
(Carum carvi) and woad (Isatis tinctoria). Barley was used as reference. The first sampling was at the end of summer 2004 and the second
at the end of summer 2006. Two samples were taken per crop per sampling time; a rhizosphere sample and a soil sample. We analyzed the
microbial community structure of all samples by phospholipid fatty acid analysis (PLFA). 

After three growing season microbial communities of annual and perennial plant species were separated, whereas after first growing sea-
son the differences were not so clear. Even though the microbial biomass (as PLFAtot) did not differ between study years, microbial com-
munity structure differed clearly. Microbial biomass of annual and perennial plant species did not differ from each other (neither 2004 nor
2006). Soil and rhizosphere had their own characteristic microbial communities, and the differences were greater in 2006 than 2004. 

Special crops have their own characteristic microbial community structure in soil and in rhizosphere and the effects strengthen when the
same plants are grown longer in the same place, especially perennial species. These results suggest that by cultivating certain special crops,
agricultural soil microbial communities could become more diverse.

P-1236

Clipping and shading shifts the community level physiological profile (CLPP) of rhizosphere microbial commu-
nities of an alpine meadow
Waldhuber Sebastian1, Bahn Michael2, Rubatscher Dagmar2, Schmitt Michael2, Insam Heribert1

1 Institute of Microbiology Microbial Ecology Technikerstraße 25D 6020 Innsbruck Tyrol, Austria
2 Institute of Ecology, University of Innsbruck, Sternwartestraße 15, 6020 Innsbruck, Austria

In our project we investigated abiotic, biotic and anthropogenic controls on grassland ecosystem respiration and its plant and microbial com-
ponents. In a clipping and shading experiment (July and August 2006) we compared the development of different physical (pH, temperature,
water content), chemical (carbon, nitrogen, phosphorus) and microbial (basal respiration, biomass, CLPP, diversity) parameters. Our study
site was an alpine meadow in the Tyrolean Alps (47° 07' N, 11° 17' E) (1800 m) near Innsbruck. We investigated three different treatments:
one reference treatment, a clipping treatment and a shading treatment. The clipping treatment was run for a period of 19 days (sampling on
day 1, 2, 4, 10, 19) after clipping; the shaded treatment for a period of 9 days (sampling on day 3, 9) after shading. The main focus was on
CLPP and the structural diversity. CLPP was investigated with the MicroRespTM method. We used 22 different substrates (four chemical
groups: amino acids, carbohydrates, carbon acids, polymers) which are commonly found in plant root exudates. In addition we made an
extract from the biomass of three different plant functional groups (legumes, herbs, grass) and an extract from necromass of all three groups.
The structural diversity was investigated with PCR-DGGE. We used primers for general bacterial and fungal communities. Furthermore we
used a primer targeting the special bacterial group of ammonium oxidizers. First results indicate a slight increase in the ammonium and
nitrate concentration in the clipping and shading treatments. Basal respiration, microbial biomass and structural diversity did not reveal any
differences among treatments. However, CLPP responded to the shading and clipping treatment.

P-428

Genetic diversity of rhizobia isolated from legume species nodules in the temperate forests of Mexico
Santoyo-Páez Yuriria2, Trujeque.Montiel Claudia3, Contreras-Jiménez José-Luis4, Villegas Maria del Carmen2, Munive José-Antonio13

1 Benemérita Universidad Autónoma de Puebla Microbiology Edif 76, 3er Piso, Instituto de Ciencias, CU, 72570 Puebla Puebla Mexico
2 Centro de Investigación en Biotecnología Aplicada, CIBA-IPN, Tlaxcala, México.
3 Laboratorio de Microbiología del Suelo, Centro de Investigaciones en Ciencias Microbiológicas, Mexico
4 Herbario - Jardín Botánico, Benemérita Universidad Autónoma de Puebla, México.

In Mexico, forests used to cover a very important proportion of the country, but deforestation, which has been increasing year after year, has
almost destroyed all of them. These forests are characterised by a high diversity of plants, with a high proportion of trees belonging to the
Leguminoseae family. A main advantage of members of this family is their ability to establish a symbiotic interaction with nitrogen-fixing soil
bacteria collectively named rhizobia. Inside the leguminous species in the forest of Mexico, we found a great diversity, from shrubs to trees,
but not all species presented nodulation. Only 60% of species were nodulated. We established a collection of 138 strains, from which, 51
have been tested for nodulation and nitrogen fixation. Most of them (90%) were capable of nodulating Macroptillium atropurpureum plants.
From these bacteria, 53% were nitrogen fixing strains, as shown by the ARA method. The ARA assays showed that 28% of strains have a
high nitrogen fixation potential. Inside these bacteria, we found a great biodiversity, showed by their carbon source utilization and ERIC-PCR
patterns. We also decided to identify and to characterise the rhizobia isolated from these temperate forest leguminous species by sequen-
cing the 16S rDNA and nodC genes. 16S rDNA sequencing analysis showed a most important presence of bacteria belonging to genus
Bradyrhizobium inside these forest species. A number of rhizobia strains with a great capability for increasing the development of legumi-
nous trees have been isolated. The most efficient strains for nodulation and nitrogen fixation will be chosen for a nursery nodulation essay,
to make a collection of the best strains useful as inoculum in forestry for the restoration of disturbed forests.

P-799
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Microbial diversity and function of the rhizosphere of white lupin are different among nutrient conditions
Wasaki Jun1, Sakaguchi Junya2, Yamamura Takuya1, Akasaka Hiroshi1, Shinano Takuro1, Osaki Mitsuru2, Ito Susumu1

1 Hokkaido Univ. CRIS N21W10, Kita-ku 001-0021 Sapporo, Hokkaido, Japan
2 Graduate School of Agriculture, Hokkaido Univ., Sapporo, Hokkaido, Japan

White lupin plants grown under poor nutrient conditions form root clusters and improve nutrient acquisition ability. The important strategy is
brought through root exudates, such as enzymes, organic acids, and phenolic compounds, which have affects on the nutrient dynamics and
microbes. This study aims to evaluate the function and microbial diversity in the rhizosphere of cluster roots of white lupin grown under dif-
ferent nutrient conditions.

White lupin seedlings were transferred to rhizoboxes containing soils. The soil used in this study was collected from –P, –N, and control plots
of long-term experimental field at Hokkaido Univ. Plants were cultivated in a greenhouse for 41 d until flowering. Plant growth under –P treat-
ment was smaller than in other treatments. Growth under –N treatment was recovered following the increase of nodule numbers. The roots
were divided into normal roots, young cluster roots, mature cluster roots and senescent cluster roots. Number of cluster roots was signifi-
cantly larger in –P and –N treatments than in control. Phosphatase and chitinase activities in the rhizosphere soil were especially high in
mature and senescent cluster roots under –P treatment. Discriminant analysis based on activity of measured five enzymes indicated that
enzyme activities in the rhizosphere was different based on the age of cluster roots and distinctive in older cluster roots under –P treatment. 

Cluster analysis based on the DGGE images of PCR-DGGE for 16S rDNA revealed that the developmental stage of cluster roots was affec-
ted on microbial community structure. To understand the microbial diversity in taxonomically, clone libraries of 16S rDNA for the rhizobacte-
ria were prepared and sequenced. In phylum level, Actinobacteria and Proteobacteria were dominant in the rhizosphere soil for all treat-
ments. Burkholderiales, which belong to β-proteobacteria, increased in the rhizosphere soils, especially near mature cluster roots in –P treat-
ment. This fact as shown in our previous report, suggested that most isolates of phytate hydrolyzing bacteria were identified to Burkholderia
species.

In conclusion, the function and microbial diversity in the rhizosphere were tightly affected by developmental stages of cluster roots and
nutrient conditions. It was also suggested that the rhizosphere of cluster roots formed under –P conditions was unique.

P-536

Valorisation of legume nodulating bacteria diversity for degraded arid and saline Algerian land restoration
Merabet Chahinez1, Boukhatem Faiza Zineb1, Galiana Antoine2, Beunard Pierre2, Willems Anne3, de Lajudie Philippe2, Bekki Abdelkader1

1 Faculty of Sciences. University of Oran Biotechnology Laboratory of Biotechnology of Plant-Microorganism Interactions 31000 Oran-Es-Senia Oran,
Algeria
2 UMR Symbioses Tropicales et Méditerranéennes, IRD-CIRAD-SupAgro-Univ. Montpellier II, Campus de Baillarguet TA 10/J. 34398 Montpellier
Cedex 5, France
3 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 tolerated 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.

This work was supported by the Commission of the European Communities RT-Program Bacdivers QLRT-2001-02097 and by the Agence
Universitaire de la Francophonie (AUF) program and by the Ministère Algérien de l'Enseignement Supérieur et de la Recherche Scientifique
(Projet de Recherche-Formation CNEPRU).
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Molecular and functional biodiversity of rice straw decomposer bacteria and fungi in two Vietnamese soils
Do Thi Xuan , Alström Sadhna, Rosling Anna, Högberg Nils

Swedish University of Agricultural Sciences Department of Forest Mycology and Pathology P.O box 7026 SE-75007 Uppsala, Sweden

We studied the functional and molecular diversity of cultivable bacteria and fungi that were isolated from surface sterilised rice straw from an
acid sulphate soil and an alluvial soil in the Mekong Delta. Functional traits were studied in terms of cellulolytic, chitinolytic and fluorescent
activity. Rice seeds were inoculated with selected isolates to study their impact on the early rice seedling development in a gnotobiotic assay.
Molecular diversity using 259 bacterial and 45 fungal isolates was assessed by sequencing the 16s rDNA and the ITS rDNA respectively.
The rice straw from the acid sulphate soil exhibited a higher functional diversity of bacteria compared to that in alluvial soil mainly because
chitinolytic and cellulolytic bacteria were abundant. Bacteria that were either deleterious or neutral or beneficial for rice seed emergence and
radicle growth were found. The proportion of deleterious bacteria was almost 3 times higher than of beneficial ones. In contrast, the majority
of the isolated fungi seemed to be beneficial. Bacterial isolates could be sorted into 17 families and the fungal isolates belonged to nine fami-
lies. Taxonomic groups on the family level generally had a high bootstrap support in a Neighbour-joining analysis. The bacterial communi-
ties differed significantly among the two sites with the highest molecular diversity in the acid soil. Bacillaceace, Burkholderiaceae,
Enterobacteraceae and Pseudomonadaceae were the most common families. Functional traits were found in phylogenetically diverse fami-
lies. Cellulolytic activity was found in the Bacilliaceae, Microbacteriaceae, Enterobacteriaceae, Flexibacteraceae and the Paenibacillaceae.
The chitionolytic activity was most prevalent within the members of Flexibacteraceae but present in Staphylococcaeae, Xanthomonadaceae,
Oxalobacteriaceae, Burkholderiaceae and Enterobacteriaceae. Fluorescent bacteria were absent. Fungal diversity did not differ among the
two sites but species composition was different. Potential rice pathogens within the Nectriaceae and Trichocomaceae were isolated from the
straw. The results show that allopatric bacterial and fungal rice field communities may differ significantly in functional and molecular diver-
sity. Our results will enable the development of strategies for managing straw decomposer microbial communities to favour rice crop esta-
blishment by beneficial micro-organisms in an intensive rice cropping system.

P-800

Use of fluorescent in situ hybridization for structural analyses of microbial communities in two soil samples of
endemo-relict plant species Ramonda serbica and Ramonda nathaliae
Djokic Lidija, Savic Miloje, Vasiljevic Branka

Institute of Molecular Genetics and Genetic Engine Molecular Genetics of Actinomycetes, Vojvode Stepe 444a 11 000 Belgrade, Yugoslavia

For a long time plate counting has been considered to be inadequate for estimating the population of bacteria in soil and numerous methods
have been tested as alternatives. The fluorescent in situ hybridization (FISH) method is offering potential for improving determination of soil
bacteria population. 

Our aim is to determine differences in bacterial communities between rhizosphere soil samples of either Ramonda serbica or Ramonda
nathaliae. These endemo-relict plants, characterized by reversible anabiotic/biotic life style, are capable of surviving long dry periods in the
state of anabiosis.

In order to fulfill our goal we have used FISH technique, which is based on binding of a rhodamine-labeled oligonucleotide probe to 16S
rRNA to estimate the number of ribosomal-rich bacteria in soil samples. 

EUB338 probe for 16S rRNA has been used to determine actively growing bacteria. Counting was performed by fluorescent microscopy.
These results were compared with total bacteria determined by DAPI (4',6-diamidino-2-phenylindole) staining. 

Preliminary results of this comparison showed that growing bacteria represent a portion of total bacteria stained by DAPI. Fluorescent in situ
hibridization could also be used to determine if there are fluctuations in bacterial communities in a different period of plant life cycle.

P-829

Root bacterial community composition - consequences of intervention
Ofek Maya1, Minz Dror2, Hadar Yitzhak3

1 Agricultural Research Organization of Israel Soil, Water and Environmental Sciences POB 6 50250 Bet Dagan, Israel
2 Institute of Soil, Water and Environmental Sciences, Agricultural Research Organization of Israel, Israel
3 Faculty of Agricultural, Food and Environmental Quality Sciences, The Hebrew University of Jerusalem, Israel

In this study, we aimed at understanding the effect of applied biological interventions on root bacterial community composition and diversity.
Two intervention types were examined: 1) ‘Complex’ intervention, namely compost amendment, rich in microbial abundance and diversity
and 2) ‘Simple’ intervention, namely amendment with individual microbial components of the compost. 

Effects of intervention were studied in a simplified model: Cucumber (Cucumis sativus) seeds were germinated and grown in perlite based
potting mix under greenhouse conditions. Potting mix was amended with either one of two compost types (Bio-solids compost or straw com-
post) or with one of two Streptomyces strains, isolated from each of the composts respectively. Samples of roots, rhizosphere and potting
mix were examined. Community composition was examined using PCR-DGGE patterns, as well as sequence analyses of a clone library of
16S rRNA gene fragments. 

The root effect was by far the dominant factor controlling root bacterial community composition. Both ‘simple’ and ‘complex’ interventions
resulted in higher taxonomic richness and diversity of root bacterial community. Resilience of root bacterial community to perturbation was
dependent on the specific compost type and the specific bacterial strain used for amendment. Both ‘simple’ and ‘complex’ interventions nar-
rowed the rhizosphere volume. While compost amendment increased diversity and richness of potting mix bacterial communities, amend-
ment with individual bacterial strains significantly reduced the richness without a significant effect on the overall diversity.

Thus, though fundamentally distinct, ‘simple’ and ‘complex’ interventions demonstrated remarkable commonality with respect to their effect
on root bacterial community composition.

P-862
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Diversity of bacteria along the anemo-orographic system in the Krkonose Mountains
Mareckova Marketa1, Cermak Ladislav1, Jenik Jan2, Kopecky Jan1

1 Institute of Microbiology Lab. for Biology of Secondary Metabolism ASCR, Videnska 1083 CZ-14220 Praha 4, Czech Republic
2 Faculty of Science, Charles University, Prague, Czech Republic

Flora of the Krkonose Mountains and similar Hercynian mountains is typically poor consisting of a few dozens vascular species and similar
uniformity of other life forms such as mosses, lichens, fungi, invertebrate or vertebrate animals. Local exceptions of small sites with high spe-
cies diversity were reported. Their diversity was most consistently explained by the anemo-orographic (A-O) system, which integrates geo-
morphological, climatic and ecological data common at all sites. The A-O system consists of a funnel shaped windward valley, wind-accele-
rating flat summit plateau and leeward side where the wind becomes turbulent. The sites with the highest diversity occur just below the tur-
bulent section where the drifted soil particles but also seeds and small animals are deposited. The plant and animal diversity was studied at
many of those rich sites but the bacterial diversity is poorly known. 

At one of the typical A-O systems the soil samples were collected at the plateau site, just above the threshold, below the threshold, at the
richest site and at the bottom of the valley. Bacterial diversity assessed by tRFLP profiling was correlated to the plant diversity described by
phytocoenological releves.

This work was supported by the Grant Agency of the Academy of Sciences of the Czech Republic, grants No. IAA6020410 and
IAA600200519.

P-850

Characterization of endophytic bacteria associated with roots and epicotyls of carob tree (Ceratonia siliqua L.)
Konate Ibrahim, Sorouri Amina, Filali-Maltouf Abdelkarim, Berraho El Bekkay

Université Mohamed V-Agdal, Faculté des sciences Département de Biologie, Laboratoire de Microbiolo BP 1014 10000 Rabat, Morocco

Carob tree (Ceratonia siliqua L.) is a legume that grows as a sclerophyllous evergreen shrub or tree up to 15 m high. It is an important com-
ponent of the Mediterranean vegetation and its cultivation in marginal and prevailing calcareous soils of the Mediterranean region is impor-
tant environmentally and economically. In a previous study we have attempted to isolate nodulating bacteria of carob tree coming from dif-
ferent areas of Morocco. We concluded that this legume remains unable to nodulate, despite the work of some authors who asserted that
they have isolated some rhizobia from carob roots. However, roots of this plant were invaded by endophytic bacteria. This work was under-
taken with the aim to characterize 84 endophytic bacteria that are isolated from roots and epicotyls of young carob seedlings originating from
seeds collected in different areas of Morocco. On the basis of PCR-Pep analysis, 34 isolates representing the Rep groups were selected for
further analyses. The phenotypic characterization showed that all selected isolates exhibited a wide tolerance to NaCl and more than 30%
of them tolerated up to 2M NaCl. They also showed a large tolerance to acidic pH since 60% of them grew well at pH 4. On the other hand,
70% of these endophytic isolates proved their ability to solubilize inorganic phosphate. Furthermore, they exhibited a multiple intrinsic resis-
tance towards some antibiotics and heavy metals. PCR-RFLP analysis of 16S rDNA exhibited an additional heterogeneity and six clusters
were identified at 50% of similarity level. Two clusters showed some relatedness with the rhizobial reference strains used in this study. The
sixth one which contains the majority of isolates seemed to be more heterogeneous and was very distinct from all the others.

P-649

Phenotypical and genotypical characteristics of root-nodulating bacteria isolated from annual Medicago spp.
in Soummam Valley (Algeria)
Sahnoune Mohamed2, Zakhia Frédéric3, Willems Anne4, Benallaoua Saïd5, de Lajudie Philippe3, Sebbane Nourredine1

1 Université de Béjaia Béjaia Route de Tharag Ouzemmour 06000 Béjaia Béjaia, Algeria
2 Laboratoire d’Ecologie et Environnement, Université A. Mira, Béjaïa, Algeria
3 UMR 113 Symbioses Tropicales et Méditerranéennes INRA/AGRO-M/CIRAD/IRD, Campus International de Baillarguet, Montpellier Cedex, France
4 Laboratorium voor Microbiologie, Universiteit Ghent, Gent, Belgium
5 Laboratoire de Microbiologie Appliquée, Université A. Mira, Bejaïa, Algeria

In the framework of agro-pastoral system management using local annual medics coupled with their native root-nodulating bacteria to extend
pasture zones, increase forage yields and improve sheep and cattle breeding in Algeria, we investigated diversity of rhizobia from annual
Medicago spp. (Medicago arabica, Medicago polymorpha, Medicago minima and Medicago orbicularis). Ten nodulating-isolates were cha-
racterized by morphological, cultural, physiological and biochemical features, SDS-PAGE analysis and PCR-RFLP of 16S rDNA. The results
show some degree of genetic diversity among the isolates; three can be affiliated to Sinorhizobium meliloti, one to Rhizobium galegae and
six were separate. Local annual medics would have a high degree of specificity in their symbiotic interaction. Furthermore, our results sup-
port the presence of R. galegae in the Mediterranean region. This work is a preliminary step towards selection of efficient symbiotic
Medicago-rhizobia to develop inoculants for management of agro-pastoral systems using local annual medics in Algeria.

P-896
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Linkage between the above-ground plant diversity and the below-ground diversity of bacterial community in
intercropping
Zhang Fusuo1, Marschner Petra2, Song Yana1, Li Long1

1 China Agricultural University, Department of Plant Nutrition, Yuanmingyuan west Rd No.2 1000094 Beijing, Peoples Republic of China
2 Soil and Land Systems, School of Earth and Environmental Sciences, DP 636, University of Adelaide, SA 5005, Australia

Cereal/cereal and cereal/legume intercropping systems are popular in the western China as well as Africa. Yield advantages were observed
frequently in most intercropping systems, which often associated with increased yield compared to sole cropping. In this study we investiga-
ted the bacterial diversity, community composition of bacterial ammonia-oxidizers, chemical and biological properties of the rhizosphere soils
of wheat, maize and faba bean grown in the field solely, intercropped (wheat/faba bean, wheat/maize and maize/faba bean) in a 4 year long-
term field experiment located in north west of China. Rhizosphere bacterial community composition was studied by denaturing gradient gel
electrophoresis (DGGE) of 16S rDNA. DGGE based on 16S rRNA genes also was used to analyze the community composition of bacterial
ammonia-oxidizers belonging to α-proteobacteria. Results showed that intercropping increased crop yield, changed N and P availability and
pH and affected phosphatase activity in the rhizosphere compared to monocropping. Intercropping generally increased microbial biomass C
but had little effect on microbial biomass N. Intercropping with faba bean significantly increased nitrate concentrations in the rhizosphere of
wheat and maize at the second sampling time (20 June) compared to monocropping or intercropping of maize and wheat. Intercropping
increased bacterial diversity and changed bacterial community composition compared to sole cropping. Intercropping significantly affected
the community composition of ammonia-oxidizing bacteria in the rhizosphere compared to monocropping, and the effects were most pro-
nounced in the maize/faba bean and wheat/maize intercropping systems when faba bean and wheat were at anthesis and maize was in
seedling stage. In wheat/faba bean intercropping, the effects of intercropping on community composition of ammonia-oxidizing bacteria were
less pronounced at the seedling stage of the two species but were significant at anthesis. These results provide some direct evidence on lin-
king between above-ground plant diversity and below-ground biodiversity.

P-554

Structure and diversity of bacterial communities implicated in ester sulphates mineralization in rhizosphere
soil of rape and barley
Cregut Mickael, Piutti Severine, Slezack-Deschaumes Sophie, Crovisier Isabelle, Vong Phuy-Chhoy, Benizri Emile

UMR INPL ENSAIA INRA EA 2 Avenue de la Forêt de Haye 54500 Vandoeuvre les Nancy, France

Plants assimilate sulphur (S) mainly as sulfates. However most of the S pools in soil is in organic forms and among them, sulphate esters
represent a main source of sulphur readily available for plants. Arylsulphatase (ARS), principally microbial in origin, has been known as the
key enzyme that hydrolyses sulphate esters to provide sulphates. However, information on the diversity of soil micro-organisms which pos-
sess the ARS function were lacking in the literature. The objective of this work was to study the evolution of ARS activity in relation with chan-
ges in functional bacterial community in the rhizosphere in comparison with the bulk soil. At different phenological stages of rape and barley
grown in a calcareous soil, we determined (i) the soil ARS activity, (ii) the structure and diversity of cultivable bacterial community implicated
in the ARS activity. A total of 2000 bacterial isolates were collected and then grouped into RFLP types based on the digestion patterns of
their 16S rDNA. 

The results showed that the structure of functional bacterial community in the rape rhizosphere soil was distinctly different from that in the
barley rhizosphere and the bulk soil. Under rape the bacterial community were substantially more structured than under barley. Moreover,
most temporal shifts of this structure observed during rape growth suggest that the released rhizodeposits could modify the functional bac-
terial community structure. In parallel, greater ARS activities were observed in the rape than in the barley rhizosphere and the bulk soil. This
is consistent with our previous results showing that greater ARS activity was accompanied by greater amounts of mineralized-S in the rape
rhizosphere. The analysis of the diversity of the functional community showed that bacteria belonging to Pseudomonas and Rhodococcus
genera possessed the ARS function and therefore affected the sulphate esters mineralization. 

It is concluded that rape impacts both the arylsulphatase activity and the structuration of functional bacterial community capable to minera-
lize sulphate esters to satisfy its great S demand.

P-517

Bacterial community composition in the rhizosphere responds to A-mycorrhiza, but not directly to reduced car-
bon input from the plant
Vestergård Mette1, Henry Frederic1, Rangel-Castro Juan Ignacio2, Michelsen Anders1, Prosser James2, Christensen Søren1

1 Copenhagen University Biology Ø. Farimagsgade 2D DK-1353 København, Denmark
2 School of Biological Sciences, University of Aberdeen, Cruikshank Building, St. Machar Drive, Aberdeen AB243UU, United Kingdom

Pea plants were grown in partly sterilized soil with or without A-mycorrhiza. After two weeks half of the plants were cut daily to simulate the
feeding of an insect herbivore. Plants were labelled with 13CO2 on day 23, and plants (4-5 replicates per treatment) were harvested each of
the following two days. Simulated herbivory reduced plant production as well as rhizodeposition; the latter shown by a 20-50% reduction in
plant-induced respiration belowground, in rhizosphere microbial biomass, in density of bacterivorous protozoa and in 13C enrichment of the
rhizosphere. Rhizosphere bacterial community composition was assessed by denaturing gradient gel electrophoresis (DGGE) of PCR ampli-
fied 16S rDNA and RNA. 

Similar DGGE gels were obtained for DNA and RNA. There were clear and marked changes in the banding pattern due to the presence or
A-mycorrhiza whereas the reduced rhizodeposition did not affect the bands at all. The study therefore shows that the composition of the bac-
terial community in the rhizosphere was affected by presence of root symbionts but not directly by the amount of carbon to process in that
environment. 

P-938
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Seasonal variation of microbiological parameters in sown meadow soils as affected by mineral and organic fer-
tilization
Acea María J.2, Sainz María J.1, Prieto-Fernández Angeles2, López Mosquera Maria Elvira1

1 Universidad Santiago de Compostela, Producción Vegetal Campus Universitario 27002 Lugo-España 27002 Lugo, Spain
2 Instituto de Investigaciones Agrobiológicas de Galicia, CSIC, Apdo.122, 15780 Santiago de Compostela, Spain

In cattle-rearing areas, sown meadows of perennial ryegrass and white clover are an important source of forage. In order to obtain maximum
productivity, at establishment and then throughout the growing season, they commonly received variable, and frequently high, doses of inor-
ganic and organic fertilizers that can have a negative impact on soil quality and agroecosystem sustainability. Microorganisms are essential
in maintaining the nutrient cycling and have shown to be good indicators of soil quality. In this study, we established a field experiment to
investigate the effect of conventional mineral fertilization and fertilization with dried broiler litter (a by-product of the poultry industry) on seve-
ral microbiological parameters: cultivable total heterotrophic population, the densities of cultivable ammonifying and amylolytic microorga-
nisms, soil respiration (including maximum and basal respiration velocities, total CO2 evolved, etc.), and the ability of soil bacteria to degrade
several C substrates (polymers, aminoacids, carbohydrates and organic acids). 

Before sowing in autumn 2003, the following six fertilization treatments were applied: 100 (T1) and 300 (T2) kg ha-1 of inorganic 15:15:15
NPK fertilizer (in the highest NPK treatment, the soil received also 300 kg ha-1 of NH4NO3 in March and another 150 kg ha-1 after a silage cut
in May); 5000 (T3), 6000 (T4) and 7000 (T5) kg ha-1 of dried broiler litter manure; and 6500 kg ha-1 applied fractionated (T6) (2000 kg ha-1 at
establishment, and then 2700 kg ha-1 in March and another 1800 kg ha-1 in May). Soil samples were taken on February 3, April 28, July 15
and November 8 of 2004.

In general, the different fertilization practices had little effect on the parameters analysed, although some differences were observed: in the
medium- (summer) and/or long- (autumn) term, soil respiration, heterotrophs and ammonifiers were slightly favoured by the organic fertiliza-
tion. In most cases the abundance of cultivable heterotrophic microroganisms and amylolytics tended to be higher in summer than in the
other seasons. The variation in ammonifiers throughout the year depended upon the treatment, reaching a maximum in summer or autumm
in the case of organic fertilization and in winter in the plots receiving NPK fertilizer.

This research was funded by Ministerio de Ciencia y Tecnología of Spain (grant AGL200307385). 

P-913

Diversity of endophytic bacteria of two contrasting cultivars of common bean (Phaseolus vulgaris L.)
Lopez-Lopez Aline, Rogel Marco A., Martinez-Romero Esperanza

Centro de Ciencias Genómcas-UNAM Ecología Genómica Av. Universidad S/N Col. Chamilpa 62210 Cuernavaca Morelos, Mexico

Common bean is an important legume for Latin America and Africa. Its production is affected by biotic and abiotic stresses such as nutrient
limitation and pathogen infections. Bean nodule bacteria have been extensively studied but not its endophytic bacteria. The objective of this
work is to analyze the different types of bacteria present in the common bean root of two cultivars with contrasting requirements of phospho-
rus. We have used cultivar BAT477 selected for its tolerance to phosphorus deficiency and DOR364 cultivar as sensitive. We sampled roots
of 3 and 12 days old and pods, that were surface disinfected, and further homogenized with mortar and pestle. Serial dilutions were plated
in LB and YM medium. The plates were incubated for 25 days at 30ºC. DNA from isolated bacteria was extracted and the 16 S rDNA was
amplified to identify the isolates.

We obtained 300 total isolates from both cultivars. We found bacteria belonging to the genera Staphylococcus, Acinetobacter that were also
found to be present in soybean, Brevundimonas that are an α-Proteobacteria and many isolates of some species of Bacillus. Bacillus spp
have been previously found in maize and citrus as endophytic bacteria.

P-1040

Characterization of edaphic conditions in natural forest, forest plantations and fallow lands in Kenya (Kedowa,
Rift valley)
Assigbetse Komi1, Lesueur Didier2, Odee David3, Mugadi Doreen2, Ochieng John3, Dieng Lamine4, Chotte Jean-Luc5

1 IRD LEMSAT Routes des Hydrocarbures B.P. 1386 18524 Dakar, Senegal
2 CIRAD, Tropical Soil Biology and Fertility Institute (TSBF) /CIAT, Nairobi, Kenya 
3 Kenya Forestry Research Institute, Nairobi, Kenya 
4 UR179 Institut de Recherche pour le Développement, Laboratoire LEMSAT, Dakar, Sénégal 
5 UR179 Institut de Recherche pour le Développement, UR SeqBio, Montpellier, France

Kenya is adversely affected by deforestation and degradation of forest ecosystems due to itinerant agriculture, human pressure and erosion.
The aim of this study is to characterize edaphic conditions in land that have been subjected to varying degrees of usage. The different land
uses over time in Kedowa site chosen for this study are distributed within a slope composed of : natural forest, Cypress (Cuppressus lusita-
nica) regeneration installed after the clearance of the forest and natural revegetation after crops-Pine (Pinus canariensis) rotation. Biotic com-
ponents, soil functioning and bacterial community structure were investigated. The results demonstrated that soils under natural forest and
Cypress regeneration displayed higher biomass C compared to the natural regeneration after crops-Pine plantation. Nitrification potential rate
is drastically lower in natural forest soil whereas the other soil samples displayed high nitrification activity. This result correlated negatively
with the total mineralised N found in those soils. The bacterial community structure was evaluated using molecular profiling of amplified 16S
rDNA gene fragments in Denaturing Gradient Gel Electrophoresis (DGGE). The PCR-DGGE patterns observed for natural forest soils were
more complex than those obtained from the other soil samples. Dendrograms deduced from DGGE profiles of 16S rDNA displayed 3 clus-
ters. Samples from natural forest clustered together. Bacterial community structure in the soils from the top and middle sites of natural reve-
getation after crops-Pine plantation was more closely related whereas DGGE profiles from the lowest site clustered together with the Cypress
regeneration profiles. Results from this study suggested that in Kedowa site, forest management practices affected the soil biotic compo-
nents, soil functioning and the structure of the bacterial community , as evidenced by the changes seen when compared to natural forest.
Some soil bio-indicators were revealed and could be useful for forest rehabilitation in Kenya.

P-1038
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Influence of root temperature on the soil microbial diversity in the rhizosphere of barley (Hordeum vulgare L.)
Fang Ping2, Füllner Kerstin3, Lanzerath Carsten3, Burauel Peter1, Kuhn Arnd J.2, Schurr Ulrich3, Liebich Jost1

1 Forschungszentrum Jülich GmbH Agrosphere, ICG-4 Leo-Brandt-Str. 52428 Jülich, Germany
2 College of Environmental Sciences & Engineering; National Key Laboratory of Pollution Control & Resources Reuse; Key Laboratory of Yangtze
Aquatic Environment, Ministry of Education, Tongji University, Shanghai, People’s Republic of China
3 Forschungszentrum Jülich GmbH, Phytosphere, ICG-3, Jülich, Germany

Many studies on the interactions of plant growth and microbial communities in the rhizosphere are performed at constant temperatures in
laboratory soil microcosms. However, in nature steep temperature gradients within the first few centimetres soil depth, resulting from direct
solar heating, can be observed. In our study we analyzed the effect of different homogeneous temperatures (10°C and 20°C) and of a tem-
perature gradient (from 20°C to 10°C) with soil depth in sand columns cultivated with barley. Interactions of barley growth and soil microbial
diversity status were investigated with the help of DGGE (denaturing gradient gel electrophoresis) using universal and group specific eubac-
terial primers. Biomass of shoot, root, and species richness, Shannon-Weiner biodiversity index as well as correlation coefficients were
weighted or calculated for each 5-cm-segment between 0 and 20 cm depth after 30 days. Results were compared to microcosms with soy
bean and without any plant (control) in microcosms with a temperature gradient. 

The method of controlling gradient soil temperature proved to be an efficient way in researching molecular ecology in the rhizosphere. The
results showed that: (1) There is a significant correlation between root biomass (dry weight) and soil microbial diversity; (2) The species rich-
ness and biodiversity decreased in the soils with the temperature gradient from the top 0-5 cm to the bottom 15-20 cm section by a factor of
3 (species richness) and by a factor of 2.2 (Shannon-Weiner-Index). (3) In the soils with constant temperature the species richness was redu-
ced to 50% in the 10°C soils compared to the 20°C soils and the diversity index was reduced by 30%. The results show that soil tempera-
ture is an important ecological factor for the soil microbial community structure and functions in the rhizosphere. It needs to be considered
in research focussing on microbial interactions in the rhizosphere of plants.

P-1066

Phenotypic and genotypic structure of bacterial communities associated with the rhizosphere of different cul-
tivars of Lolium perenne
Jossi Maryline1, Tarnawski Sonia1, Roussel-Delif Ludovic1, Hamelin Jérôme2, Fromin Nathalie3, Aragno Michel1

1 Université de Neuchâtel Laboratoire de Microbiologie Emile-Argand 11 2009 Neuchâtel, Switzerland
2 Laboratoire de Biotechnologie de l’Environnement, INRA, Avenue des Etangs, 11100 Narbonne, France
3 CEFE-CNRS, 1919 Route de Mende, 34293 Montpellier Cedex, France

Microbial communities occurring in soils are differently stimulated by various plant genotypes. Modifications of rhizodeposition linked to plant
genotype may induce changes within bacterial communities in the rhizosphere, affecting microbial activities, especially those that interact
with plant growth and physiology. The aims of this study were to assess the effect of four cultivars of Lolium perenne (which differ in their
degree of ploïdy and ecological requirements) on rhizosphere bacterial communities. The phenotypic (occurrence among bacterial isolates
of traits related to rhizosphere competence and to interaction with plant) and genotypic (RT-PCR-DGGE and PCR-DGGE of 16S rDNA
genes) structures of bacterial communities were characterized in the root, rhizosphere soil and bulk soil at four plant development stages of
L. perenne grown under greenhouse conditions. The genotypic structure of root and rhizosphere bacterial communities differed significantly
between the cultivars and the development stages. In all cases, differences related to cultivar were more important than those related to plant
development stage. Metabolically active communities (RNA-based approach) were more dependant of the cultivar than total communities
(DNA based approach). The phenotypic structure of bacterial community (i.e. proportions of bacterial isolates displaying nitrate-reducing acti-
vity, siderophore, auxin or homoserine lactones production …) also differed between the cultivars and the development stages. The four plant
cultivars are currently further characterised to test whether the phenotype of bacterial communities are related to changes in root exudates
biochemical composition.

P-1062
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At what extend a key microbial functional community (the denitrifiers) could be modified by agricultural prac-
tices: the case of direct seeding in Madagascar
Brauman Alain1, Baudoin Ezékiel2, Chapuis-Lardy Lydie3, Fromin Nathalie4, Cheneby Dominique5, Philippot Laurent5

1 IRD, UR179 SeqBio, Montpellier Sup-Agro, 2 place Viala 34060 Montpellier cedex 1, France
2 IRD, UR179 SeqBio, Laboratory of Tropical Soils and Agroecosystems Microbial Ecology, BP 1386, Dakar, Senegal
3 LRI/IRD-UR179 SeqBio, BP 434, 101 Antananarivo, Madagascar
4 Center of Functional and Evolutive Ecology, UMR5175, 1919 route de Mende, 34293 Montpellier, France
5 INRA, UMR 1229, Université de Bourgogne, Laboratory of Soil and Environmental Microbiology. 21065 Dijon, France

Direct seeding mulch-based cropping systems (DMC) are increasingly adopted worldwide to minimize soil erosion and improve soil quality.
In Madagascar, where the study was performed, DMC including mulches of soybean and rice residues is combined with mineral/organic fer-
tilization on a clayey oxisol. Previous studies showed that this land use induces significant changes on chemical, physical and biological soil
properties such as soil carbon content, soil structure and diversity indexes. Therefore, the aim of this work was to investigate to which extent
these practices (land use + three levels of organic/mineral fertilization) impacted on the denitrifiers community. In order to characterize the
respective influence of crop rotation (rhizosphere effect) and mulch quality (residusphere effect), plots were sampled twice ; in February 2005
corresponding to soybean crop under rice mulch and in February 2006 corresponding to rice crop under soybean mulch. Soil samples were
analyzed in terms of denitrifier density (quantitative PCR of narG/napA/nirK/nirS/nosZ genes), potential activity (nitrate reductase activity,
Denitrification Enzyme Assay, DEA±C2H2). 

The denitrifier activities (nitrate reductase and DEA±C2H2) were significantly increased by direct seeding in both years, whereas fertilization
modalities and crop rotation had no impact at all. No significant reduction of N2O (DEA without C2H2) was noticed. A general trend in 2005
and 2006 indicated that all gene densities (narG/nirK/nirS/nosZ genes) were significantly increased in plots under direct seeding except for
plots with high fertilization levels. In addition, fertilization regimes and crop rotation seems to have the stronger impact on the napA commu-
nity involved in the nitrate reduction process. 

Overall, crop and mulch types as well as fertilization intensity appear to have far less impacted densities and activities of denitrifiers than
direct seeding. Further investigations are needed to elucidate the in situ impact of this practice on nitrogen fluxes and losses through nitro-
genous gases.

P-584

Role of glucosinolates on microbial community in the rhizosphere of Arabidopsis thaliana mutants: a DNA-SIP
approach.
Bressan Mélanie1, Achouak Wafa1, Marol Christine2, Haichar Feth El Zahar1, Gibiat Frédéric2, Krouti Mohamed3, Berge Odile1
1 LEMIRE/IBEB SBVME Bât 161, CEA Cadarache 13108 Saint Paul Lez Durance, France
2 GRAP, DSV/IBEB/SBVME UMR 6191 CNRS, CEA, Aix Marseille-Univ, IFR-E112, St Paul-Lez-Durance F-13108, France
3 CETIOM Analysis Laboratory, BP 90635 Ardon, F-45166 Olivet, France

Plant root exudates play a key role in plant-microbe interactions through release of carbon substrates and other compounds mainly unknown.
A specificity of brassicaceous plants is the production of sulphur secondary metabolites called glucosinolates, which can be hydrolyzed into
glucose and biocidal products such as isothiocyanates, nitriles and thiocyanates. Among them, isothiocyanates are toxic to a wide range of
soil microorganisms and particularly studied because of their effect on pathogens (biofumigation). Glucosinolates and isothiocyanates also
seem to have some influence on the structure of microbial community in the rhizosphere of living brassicaceous plants (Rumberger and
Marschner, 2003). 

Our aim is to investigate the role of glucosinolates as a major selective factor of microbial community associated to Brassicaceae rhizos-
phere. For that purpose, we used mutants of Arabidopsis thaliana impaired in the production of certain glucosinolates. We focused on active
microbial populations of the rhizosphere by using DNA-stable isotope probing (Radajewski et al., 2000). This innovative culture-independent
technique targets specifically soil populations involved in root exudates degradation. Plants – mutants and wild type - were grown under 13CO2
atmosphere (90 to 100 % 13C) on natural soil. Plants and soil were harvested after one month and total DNA was extracted from rhizosphere
soil and roots. 13C and 12C nucleic acids were separated by density gradient centrifugation. Microbial community structure was analysed by
DGGE fingerprints of amplified 16S rRNA gene sequences. Fingerprints from A. thaliana mutants were compared to those of wild ecotype,
and specific populations were identified by sequencing of DGGE bands. In parallel, we measured contents of glucosinolates and isothiocya-
nates, in plants – roots and leaves – and in soil by HPLC.

Rumberger A and Marschner P, 2003, Soil Biol. Biochem., 35, 445-52.
Radajewski S et al., 2000, Nature, 403, 646-49.
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Population structure of sulphatase producing strains isolated from soil and the rhizosphere of Lolium perenne
Tarnawski Sonia, Maryline Jossi, Roussel-Delif Ludovic, Aragno Michel

University of Neuchâtel Laboratory of Microbiology Emile Argand 11, CP 158, 2009 Neuchâtel, Switzerland

Sulphate is an essential element for biological functions. Preferred source of sulphur for plants and micro-organisms is inorganic sulfate, but
more than 95% of the soil sulphur is under organic forms. Arylsulphatase participates in soil organic S mineralization and increase soil sul-
phate content. Arylsulphatase activity was described in the common soil bacteria genus Pseudomonas (Kertesz and Mirleau, 2004; Mirleau
et al., 2005), but it is not yet clear which organisms realise this function in soil.

In our study, 1686 bacterial colonies were randomly isolated on “non-selective” Angle agar medium plate from soil, rhizosphere soil and root
of Lolium perenne grown in non-fertilized soil pots. These isolates were tested for the sulphatase activity on modified Angle medium supple-
mented with organic S (X-sulphate) and with or without inorganic S (Na2SO4). Population structure of sulphatase producing isolates was
investigated by 16S rDNA gene RFLP analysis with TaqI and HaeIII restriction enzymes separately. 16S rDNA genes of representative iso-
lates of each restriction profile type (OTU) were currently sequenced.

6% of the isolates presented a sulphatase activity which was not inhibited by the presence of inorganic S in the culture medium. Among them,
62.5% were isolated from the root fraction. The 104 sulphatase producing strains were distributed in 25 OTU. Two main OTUs grouped 67%
of the isolates including 95% isolated from the root and rhizosphere soil fractions. The remaining strains were dispatched in 19 OTUs with
only one representative isolate and 4 OTUs with 2 to 5 representatives. 

Kertesz M.A., and Mirleau P. (2004). The role of soil microbes in plant sulfur nutrition. J. Exp. Bot. 55:1939-1945.
Mirleau P., Wogelius R., Smith A., Kertesz M.A. (2005). Importance of organosulfur utilization for survival of Pseudomonas putida in soil and
rhizosphere. Appl. Environ. Microbiol. 71(11): 6571-7.

P-1067

Bacterium from Burkholderia genus isolated from sugar cane rhizosphere
Castro Rocio, Caballero Jesus

UNAM Laboratorio 2 Durango 1 B 62370 Cuernavaca Morelos, Mexico

The characterization of the bacterial population, its diversity and ecological role can contribute towards the development of a successful bio-
technology, as well as solutions to human health problems. In this context, some bacteria-plant rhizospheric interactions with Burkholderia
species have been beneficial for plant growth. Plant growth promoting bacteria can stimulate it by several mechanisms, including nitrogen
fixation, phytohormones production, enzyme synthesis and biological control through siderophores. Some species found associated to hos-
pital environment belong to Burkholderia cepacia complex (Bcc), which have pathogenic markers like cblA gene. In this work, 32 plants were
collected from two sugar cane varieties, CP 72-2086 and Mex 69-290, cultivated in two geographical regions in Mexico. The isolates were
obtained from stems, inner parts of roots (endophytic) and rhizospheric-rhizoplane environment. The DNA was isolated from the bacterial
cells. After that, the 16S rDNA genes were amplified and restricted with 7 enzymes. The 16S rDNA gene from isolates with ARDRA repre-
sentative profiles are sent to sequencing. The 16S ribosomal DNA genes from Burkholderia cepacia complex species were amplified with
cblA1, cblA2 primers. For diazotrophy species a N-free semisolid BAz medium was utilized. BAC (Azelaic-citrulline) agar plate was used for
isolation of non N2-fixing and pure cultures. Bacterial species not included in Bcc, which after adjusting their optical density were inoculated
onto CAA medium (chromazurol and FeCl3.6H2O), for siderophores determination and onto NBRIP-BPB (bromophenolblue) for phosphate
solubilizing ability. 424 isolates were thereby obtained, from which 99 isolates belonged to N2-fixing, and resulted in B. unamae, B. tropica,
98 % recovered from the rhizospheric-rhizoplane area, and 2% recovered from endophytic. 111 isolates showed non N2-fixing capacity, and
resulted in different Bcc isolates corresponding to B. unamae, B. tropica, almost identical B. xenovorans, and B. caryophylli, among which
65% colonized the rhizosphere-rhizoplane, 34% the inner root, and 13% the inner stem, all presented the capacity of solubilizing phospha-
tes and were producers of siderophores. 214 belonged to Bcc and resulted B. cenocepacia and B. cepacia. 65% of these colonized the rhi-
zosphere-rhizoplane, 34% the inner root endophytic and 1% stem endophytic. In these, the cblA gene was not amplified through trials of
PCR.

P-817

Effect of the incubation temperature on the characteristics of culturable bacterial communities and strains iso-
lated from soybean rhizosphere
Nasr Mohamed Mohamled Ahmed2, Ranjard Lionel1, Catroux Colette1, Catroux Gérard1, Revellin Cécile1, Hartmann Alain1

1 INRA Microbiologie du Sol et de l'Environnement 17 rue Sully BP 86510 21065 Dijon, France
2 Department of Water and Soil Science, Faculty of Agriculture, El-Arish, North Sinai, Egypt

Bacterial rhizospheric communities are a potential source for beneficial microorganisms. In order to isolate culturable bacteria from rhizos-
pheric soil, multiple procedures (different culture media, various carbon or nitrogen source etc…) have been used. However, in most studies,
isolation of bacteria is performed at high temperatures (ie 28 to 30°C) and little is known about the effect of incubation temperature on the
number and diversity of bacteria isolated from rhizospheric soils. The objective of this study was to determine the impact of incubation tem-
perature on the number and the community structure of culturable bacteria isolated from soybean rhizosphere. Two incubation temperatu-
res (12 and 28°C) were compared for isolating culturable bacteria from soybean rhizosphere. The numbers of bacteria isolated were esti-
mated by plate counts and the community structure was evaluated by genotypic fingerprinting (A-RISA method) and metabolic profiling
(Biolog method). The numbers of bacterial colony forming units (CFU) on NA plates (1/10th strength supplemented with natamycin) were signi-
ficantly lower at 12°C than at 28°C after an incubation period of 6 days and remained lower after 15 days of incubation. A-RISA analysis and
metabolic profiling of culturable communities revealed a strong effect of incubation temperature on the structure of these communities.
Results from Biolog analysis were correlated with A-RISA analysis. Two sets of 69 individual strains isolated at 12 or 28°C were then cha-
racterized with respect to their growth capacities at these two temperatures. The distribution of isolates in classes of temperature adaptation
clearly demonstrated that the strains isolated at 12°C and 28°C were significantly different and adapted to the temperature of isolation. In
temperate countries, the average soil temperature during the spring is 10 to 15°C, thus bacterial inoculants should be adapted to such tem-
peratures in order to have a maximum efficiency. The consequences of our results on the selection procedures of beneficial bacteria from
rhizospheric soil will be discussed.

P-1049
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Bradyrhizobium in legume-cereal-tuber associated cultures in Ivory Coast: diversity and role in plant produc-
tion
N'Zoué Angèle, Moulin Lionel, Beunard Pierre, Dreyfus Bernard, de Lajudie Philippe

UMR Symbioses Tropicales et Méditerranéennes, IRD-CIRAD-SupAgro-Univ. Montpellier II, Campus de Baillarguet, Montpellier Cédex 5, France 

The associated culture crops (legume-cereal-tuber) are of great importance for food production in Ivory Coast. Our aim was to evaluate the
role of biological nitrogen fixation in such cultures, and specifically Bradyrhizobium in soils, assess their genetic diversity and possible need
of bacterial inoculation for the improvement of the yields of the mixed cultures (intercropped leguminous/cereal). We isolated 75
Bradyrhizobium isolates from soils collected in associated culture fields all around Ivory Coast (West Africa). Their molecular characteriza-
tion by the 16S-23S rDNA inter-transcribed spacer (ITS) sequencing evidenced their great genetic diversity. They formed 21 groups, among
which some included the Bradyrhizobium reference species I, Ia, II, IV, V, VII, IX, XI and one separate group. A preliminary screening was
performed in greenhouse to evaluate their nitrogen-fixing efficiency in the three main legumes cultivated in association, i.e. groundnut, soy-
bean and cowpea and their plant growth promotion capacity on maize. Observations, measurements, and statistical analyses were perfor-
med eight weeks after inoculation on nodule numbers and dry weights, aerial part and root dry weight, leaves’ color, and ARA measurements.
Three strains were selected on the basis of their growth promotion on both legumes and cereal plant promotion and further investigated.

P-1109

Spatial distribution of bacterial communities in an arid land in Algeria
Zaoui M'hamed1, Brauman Alain2, Gaouar Abdelaziz1, Chotte Jean Luc2

1 ENS Dpt biologie ENS Kouba .Alger 16050 Alger Algeria
2 IRD, UR179 SeqBio, Montpellier Sup-Agro, 2 place Viala 34060 Montpellier cedex 1, France

We have studied by PCR-DGGE, the impact of the presence and the distance from the root system of a desertic plant: Stipa tenacissima L.,
on bacterial diversity .The importance of the plant diversity and soil bacterial content in extreme conditions was also investigated .This study
aims to correlate the degradation of this vegetation with microbial diversity erosion.

Despite the hostile environment, and low plant diversity , our results showed significant bacterial biodiversity. The number of bands varied
from 59 in the bulk soil to 72 in the rhizospheric soil. In rhizospheric soil, band number decreased with increasing distance from the rhizos-
phere and became similar at soil interspaces starting at 20 cm. We found a positive correlation between the root dry weight and band num-
ber (8 bands /g of root dry weight).

In this homogeneous, the analysis of the DGGE gel showed a significant spatial heterogeneity due to the presence of several habitats; bac-
terial communities were distributed in relation to their distance from the rhizosphere, not in relation of topology .These results were confir-
med by the similarity dendrogram: the profiles clustered according to their distance from the roots in 4 subgroups (0, 10, 20 and 30 cm),
while the bulk soil profile clustered separately. Rhizospheric community showed great specificity. Our results also indicated positive correla-
tions between band number and soil pH, microbial biomass, and negative correlation with NH4. Positive correlation was also found between
total biomass and soil pH, CE, root dry weight, band number and soil humidity. These results indicated that both the plant and the soil were
the main factors determining the biodiversity of bacterial communities in arid soils; which still remains a reservoir of bacterial biodiversity
especially in the rhizosphere zone. We found also 4 specific bands for the rhizosphere. This suggest that the degradation of the plant will
lead to the bacterial biodiversity erosion .

Distribution of bacterial communities in relation with GC content, showed that populations with high GC (such as actinomycetes) displayed
several dominant bands equally distributed in the rhizospheric soil and in bulk soil, while populations with low GC showed few dominants
bands in the rhizoplane (0 and 10 cm) and greater number of faint bands unequally distributed from rhizosphere to bulk soil.

P-1042

Root associated salt tolerant Bacillus species from arid soils of Uzbekistan: potential plant growth promoting
properties
Egamberdiyeva Dilfuza, Kucharova Zulfiya

University of Agriculture, University str.1 700140 Tashkent, Uzbekistan

The study of bacteria in ecologically stressed arid environments may thus provide valuable information on microbial physiology, and their role
and functions in the ecology of soil. Uzbekistan consists of various extreme environments including salinized arid soils of which the micro-
bial populations has not been characterized. Understanding the behavior of Bacillus species under stressed conditions that have managed
to survive adverse environmental factors could greatly help in harnessing them for their beneficial properties. In the present study, Bacillus
species isolated from an arid region of Uzbekistan, where soil suffer from salinization and drought was examined and their potential role
within that ecosystem discussed. The Bacillus strains were previously isolated from the rhizosphere of cotton, wheat, and tomato grown in
salinized soil and and their physiological properties have been reported. The strains of Bacillus circulans TSAU8, B. latvianus TSAU29, B.
licheniformis TSAU19, B. maroccanus TSAU30, B. megaterium TSAU33, B. polymyxa TSAU16, B. subtilis TSAU10 produced various enzy-
mes, phytohormone auxin (IAA) and were antagonist against Fusarium plant pathogenic fungi in in vitro experiments. Most of the strains
were salt tolerant and temperature resistant. B. megaterium TSAU33 and B. subtilis TSAU10 have been found to increase the growth of pea,
cotton and corn in saline nutrient poor soil using pot experiments.

P-1122
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Genetic characterisation of rhizobiums nodulating Vigna unguiculata L. Walp at North of Algeria.
Djebara Malika2, Krasova Tania1, Ounane Sidy Mohamet3, Neyra Marc4, Ndoye Ibrahima1

1 UCAD Biologie Végétale BP 5005, Dakar 18524 Senegal, Dakar
2 LBPO FSB USTHB, BP32 El Alia, Bab Ezzouar, Algeria
3 INA El Harrach, Algeria
4 LSTM IRD Montpellier, France

The genetic diversity of rhizobia nodulating local cowpea (Vigna unguiculata L. Walp) cultivars growing at two different sites in the province
of Freha (Tizi-Ouzou) located at the North of Algeria was examined by restriction fragment length polymorphism (PCR-RFLP) analysis of
16S-23S rDNA intergenic spacer region directly on 28 DNA of crushed nodules. We distinguished seven different genetic profiles. The dis-
tribution of these IGS types according to the sites showed that most part of the analysed nodules presented the IGS type I on the both sites.
Only a small part of nodules presented the types III and V in the two sites. The IGS type I was found in the nodules of groundnut associa-
ted with another IGS type. It was also found in the cowpea nodules in Senegal and is related to Bradyrhizobium japonicum species. The IGS
types VI and VIII were specific to site 1 whereas type IV and VII are specific to site 2. The specific diversity estimated by the no parametric
diversity indices of Shannon-Wienner for randomised populations showed similar diversity richness for both sites (0.54). Sequencing of
ADNr16S will specify the phylogenic relations and the taxonomic position of the isolates.

P-582

Response of some enzymatic activities and soil microflora to nitrogen fertilizer
Abbate Cristina, Verde Elisabetta, Russo Marco Antonio, Belligno Adalgisa

University of Catania DACPA Via Santa Sofia 98 95123 Catania, Italy

Good crop yields depend on an adequate supply of nitrogen (N). Most of the nitrogen in soil is present in the form of complex organic mole-
cules. Conversely there is little N present in the immediately usable nitrate or ammonium forms. The organic forms are converted to ammo-
nium and nitrate by soil microorganisms, a process called mineralization. Therefore the amount of nitrogen available to roots depends on the
rate of mineralization and it in turn depends on all those environmental factors that affect the activity of the microorganisms; the amount of
carbon, temperature, oxygen and so on. In natural systems nitrogen is circulated efficiently, with only small losses by denitrification to N2 and
N2O, and by leaching of nitrate. This is why fresh water draining off natural ecosystems contains very low concentrations of nitrate. In crop-
ped systems nitrogen is removed so it has to be balanced by addition via manure, fertilizer or legumes.

In order to evaluate the effect of nitrogen fertilizer on induction of deaminase and protease activities and biodiversity of bacterial communi-
ties in soil, lysimeters have been randomly fertilized 3 times for 3 years totally. Two different amounts (80-120 kg ha-1) of ammonium sulfate
and organic nitrogen (soluble peptides in water) have been applied. During the last two years some lysimeters haven’t been fertilized so eva-
luating the residual nitrogen. At the same time molecular analyses were carried out to evaluate the response of soil microflora to the applied
fertilizers.

Deaminase and protease activities have been directly correlated; deaminase activity has been indirectly correlated to ammonium amount
detected in the rhizosphere. No significant difference has been detected in eubacterial communities.

P-1141

Organization of the ipdC region critically influences IAA levels in Azospirillum brasilense strains: genetic and
functional analysis of ipdC in strain SM
Malhotra Mandira, Srivastava Sheela

University of Delhi South Campus Department of Genetics Benito Juarez Road 110021 New Delhi, India

The auxin, Indole-3-acetic acid (IAA), is a key signal released by the plant-associated bacterium, Azospirillum that benefits plant growth by
improving root proliferation. Such bacteria synthesize IAA either by tryptophan (Trp)-dependent or -independent pathways and more than
one type of biosynthetic pathway may be operative in a single strain. Azospirillum brasilense SM is a natural isolate that operates the Trp-
dependent, indole-3-pyruvic acid (IPyA) pathway unlike other known strains of A. brasilense, where both Trp-dependent and -independent
pathways have been reported. The IPyA pathway was confirmed by identifying and cloning the ipdC gene encoding indole-3-pyruvate decar-
boxylase (IPDC) in A. brasilense SM. Comparison with other A. brasilense strains Sp245 and Sp7, revealed homology in the gene and its
5? regulatory region. Disruption/knock-out of the ipdC gene was carried out in a site-specific manner using the group II intron-based
Targetron gene knock-out system which resulted in ~50% decrease in IAA levels. This, on one hand, indicated the important contribution of
ipdC in regulating IAA biosynthesis, on the other, suggested the presence of more than one copy of ipdC in the A. brasilense SM genome.
In addition, the 3’ region of ipdC showed a curtailed copy of iaaC, a gene implicated in controlling IAA biosynthesis in strain Sp245. While
ipdC transcript could be visualized by RT-PCR, truncated iaaC was non-functional in strain SM. Strain SM derivatives carrying higher copy
number of ipdC and PipdC showed improved IAA biosynthesis. PipdC showed sequence elements that are part of composite auxin-respon-
sive promoters. Expression of ipdC was upregulated by IAA as well as certain environmental and nutrient fluctuations. Heterologous over-
expression of a functional iaaC gene from strain Sp245 in strain SM confirmed its role in controlling IAA biosynthesis as well as lowering ipdC
expression. However, the negative effect of the introduced iaaC was overcome when both ipdC and iaaC were expressed from a similar plas-
mid background. These results suggest that when ipdC is fully functional its expression will not be affected by IaaC. Our work has confirmed
that strain-based differences in IAA biosynthesis level could be a reflection of differential regulation of ipdC expression. Furthermore, a cor-
responding modulation in the plant growth response with respect to the IAA levels of the variant strains could be compared to the wild type
strain SM.

P-1144
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Lactic acid bacteria in organic agricultural soils
Somers Ellen1, Adams Amke1, Anja Croonenborghs1, Van Overbeek Leo2, Vanderleyden Jos1

1 K.U.Leuven Microbial and Molecular Systems Kasteelpar Arenberg 20 3001 Heverlee, Belgium
2 Plant Research International, Wageningen, the Netherlands

According to a concept formulated by H.P. Rusch (1906-1977), soil fertility of organic agricultural soils can be related to the presence of lac-
tic acid bacteria. However, there is little or no evidence in literature to support this concept.

We have sampled at different time points over a 2 year period (2005-2006) 15 organic farms in Flanders, Belgium. Soils used for the orga-
nic production of cabbage and leak were sampled. Direct plating of soil dilutions on either MRS (with glucose as carbon source) or M17 (with
lactose as carbon), commonly used growth media for lactic acid bacteria, revealed no significant numbers of lactic acid bacteria. The same
results were obtained with the culture independent DGGE analysis, using nested PCR as described by Heilig et al. (2002). Identification of
colonies obtained by direct plating using Lactobacillus group-specific primers for 16S rDNA sequences indicated mainly Bacillus,
Paenibacillus and Staphylococcus species.

In a second round, an enrichment step for lactic acid bacteria was included, by incubating diluted soil samples anaerobically in MRS or M17
medium, prior to plating or DGGE analysis, as described by Chen et al (2005). This revealed high numbers and diversity of lactic acid bac-
teria. Sequencing the 16S rDNA revealed the following lactic acid bacteria: Lactococcus garvieae, Lactococcus lactis, Leuconostoc mesen-
teroides, Weissella, Lactobacillus and Enterococcus. Some of these isolates were tested and found positive for biocontrol activity and/or
direct plant growth promotion. Two Lactococcus lactis isolates showed significant plant growth promoting activity in greenhouse trials with
cabbage.

It can be concluded that lactic acid bacteria, although present, are not dominant in organic farming soils in Flanders. Nevertheless, if they
can be enriched through agricultural practices, some of these show potential for biocontrol and/or plant growth promotion.

Heilig et al (2002) Appl. Environm. Microbiol. 68, 114-123.
Chen et al (2005) Lett. Appl. Microbiol. 40, 195-200.
Rusch H.P. (1964) Bodenfruchbarkeit, Karl F. Hauh Verlag, ed. (Heidelberg).

P-397

Symbiotic and phylogenetic diversity of rhizobia associated with native and introduced Acacias in Algeria
Boukhatem Zineb Faiza, Domergue Odile, Galiana Antoine, De Lajudie Philippe, Laguerre Giselle, Bekki Abdelkader, Galiana Antoine

Laboratoire des Symbioses Tropicales et Méditerranéennes, UMR 113 CIRAD / IRD / INRA / SupAgro / UMII, 34398 Montpellier Cedex 5, France

In the arid zones where crop production is reduced due to drought combined to low soil fertility, the use of symbiotic native legume trees
adapted to such harsh conditions could enhance the productivity of agroforestry systems. In North Africa, Acacia species are good candida-
tes for this purpose since they can grow on N-deficient soils and improve their N balance due to their symbiotic association with rhizobia,
nitrogen-fixing soil bacteria.

In order to identify and select efficient acacia-rhizobia symbiotic associations, soil samples and root nodules from seven Acacia species, five
native (A. ehrenbergiana, A. laeta, A. nilotica, A. seyal, A. tortilis) and two introduced (A. karroo, A. saligna), were collected in arid and semi-
arid regions of Algeria from Oran to Tamanrasset. A collection of 22 bacterial strains was obtained after trapping on Acacia seedlings inocu-
lated with soil samples originating from nine geographic sites. 16S rDNA sequencing revealed that the new strains represented different spe-
cies in Sinorhizobium and Rhizobium. This genetic diversity was confirmed by phenotypic characterisation through biochemical assays and
host spectrum. Some strains were particularly tolerant to low pH and high NaCl concentrations, temperature and osmotic stress in in vitro
conditions. In a next step, selection of efficient rhizobia displaying a high nitrogen-fixing potential under stress conditions will be carried out
in controlled conditions before testing them in field conditions.

P-905

Genetic diversity of rhizobia that nodulate Prosopis juliflora in the arid eastern area of Morocco
Benata Hanane, Ourarhi Mohammed, Berrichi Abdelbasset, Abdelmoumen Hanaa, Boukhatem Nourreddine, Missbah El Idrissi Mustapha

Université Mohamed Premier, Faculté des sciences, Oujda Biologie Laboratoire de Biologie des Plantes et des Microorganismes, Faculté des scien-
ces , Oujda 60.000 Oujda Morocco

Symbiotic nitrogen fixation in the arid regions depends on the two partners of the symbiosis: legume - rhizobium and their aptitude to adapt
to prevailing climatic and soil constraints. We showed that Prosopis juliflora is a salt tolerant legume species, since it is not affected by the
salt concentrations as high as seawater levels. This plant represents a very good candidate to combat desertification. 

We thus isolated 274 bacterial strains from the root nodules of Prosopis juliflora, cultivated in different soils of the Eastern area of Morocco.
We found that 24 strains tolerated NaCl concentrations higher than 30 g/l (w/v). All the strains re-nodulated their originals host. They all pos-
sessed the nodC gene. This was checked by amplifying the nodC gene which codes for a NodC nodulation factor by PCR specific primers.
The assessment of metabolic and physiologic properties of these isolate showed a high phenotypic diversity. This is an advantage for the
plant because it can be always nodulated by different types of rhizobia even if the soil or climate conditions have to change. 

The RFLP of the 16S rDNA using MspI, HaeIII and CfoI enzymes confirmed the diversity of the strains that nodulate this species in the same
soil. We thus obtained three different profiles. The diversity of the strains was also assessed by the exploration of the bacterial chromosome
carried out by rep PCR using BOXA1R, Rep (I and II) and ERIC (I and II) primers. The Results obtained showed a high diversity of the strains.

Some rhizobial strains kindly provided by colleagues of the “Laboratoire Commun de Microbiologie of the IRD/ISRA/UCAD” in Dakar,
Senegal were used as references.
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