
RRhhiizz    sspphheerree 22

Manipulating rhizosphere processes to minimize the risks associated with soil contamination
Zhu Yongguan1, Meharg Andy2

1 Chinese Academy of Sciences 18 Shuangqing Road 1000085 Beijing Peoples Republic of China
2 University of Aberdeen

Soil contamination with trace elements and toxic organic chemicals is increasingly becoming problematic in many parts of the world, threa-
tening the functions of soil ecosystems and food safety. Risk-based management of soil contamination requires that diverse biological recep-
tors are protected through a number of approaches, such as immobilization, transformation and removal. Rhizosphere is a critical zone in
soil-plant continuum, and plays important roles in mediating the behaviour and fate of contaminants in this continuum. In this presentation,
we attempt to give an overview on how rhizosphere processes can be explored to minimize the risks associated with soil contamination. 

1. Rhizosphere and phytoremediation of metal-contaminated soils

Phytoremediation of metal-contaminated soils including phyto-extraction, phyto-stabilization and phyto-volatilization, has long been regarded
as a green technology to minimize the risks of metals in soils. In any of these forms of phytoremediation, metal tolerance is a prerequisite.
Bioavailability is equally important in efficient phytoremediation, and rhizosphere processes can fundamentally affect the tolerance of plants
to and bioavailability of metals of concern.

2. Rhizosphere and bioremediation of soils contaminated with toxic organic chemicals

The most important factor in manipulating rhizosphere remediation is the synergy between root and microbial activities. The mechanisms
active in rhizosphere-enhanced remediation include 1) root release of carbon compounds that stimulate microbial activities; 2) production of
bio-surfactant by root and/or rhizosphere microbes enhancing the bioavailability of contaminants; 3) direct influence on functional groups of
microbes. Studies in this area also involve an array of microbial ecological techniques in tracking the composition of the microbial commu-
nity, in particular the functional groups in the rhizosphere.

3. Rhizosphere-mediated immobilization of trace elements for better food quality. 

This approach is relevant to soils with low to moderate levels of contamination, and may continue to produce food. As a case study, in this
presentation we will discuss the role of iron plaque in changing the bioavailability of arsenic in rice rhizosphere.

The presentation will conclude in stressing the importance of functional genes in rhizosphere processes.
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Increase of plant arsenic tolerance by fungal symbionts?
Vetterlein Doris1, Szegedi Krisztian1, Ackermann Juliane2, Mattusch Jürgen3, Neue Heinz-Ulrich4, Tanneberg Hartmut2, Jahn Reinhold2

1 UFZ Soil Ecology Theodor-Lieser-Str. 4 06120 Halle Sachsen-Anhalt Germany
2 Soil Science and Soil Protection Group, Institute of Agriculture and Nutritional Sciences
3 UFZ Helmholtz Centre for Environmental Research, Department Analytical Chemistry
4 UFZ Helmholtz Centre for Environmental Research, Department of Soil Chemistry

It has been hypothesized that symbiotic fungi like mycorrhiza might increase As tolerance of plants as they are able to export arsenite to the
soil. Bacteria and fungi, in contrast to plants, have membrane transporters which allow export of arsenite from their cells. So far arsenite
efflux was only shown to occur for isolates of the ericoide mycorrhiza forming fungi Hymenoscphus ericae on agar but not within the sym-
bioses. Hence, to test the hypothesis for a symbiotic system, ryegrass (Lolium perenne) was grown in a quartz substrate spiked with arse-
nate in a compartment system in which hyphae were allowed to grow into the bulk soil compartment on one side (30 um nylon mesh = hyphal
compartment) but were excluded from the bulk soil compartment on the other side (0.45 um nylon mesh). Roots were restricted to the root
compartment. Plants were grown with and without a fungal partner (Glomus mosseae) at low (20 mg/kg) and high (80 mg/kg) level of P sup-
ply. During the 70-day growing period soil solution was sampled weekly with micro suction cups within the root compartment and with increa-
sing distance from the root mats. Above ground plant biomass was sampled after 4, 7 and 10 weeks. Soil solution and plant samples were
analysed for As species (arsenite, arsenate) with IC-ICP-MS and for P with ICP-OES.

With increasing P supply P concentrations in plant tissue increased for all sampling dates but there was no difference between mycorrhizal
and non-mycorrhizal plants in plant P status. Growth was promoted with increasing P supply but mycorrhizal inoculation had no significant
effect on root and shoot dry weight at any sampling date. Arsenic concentrations in shoot tissue were not affected by P supply but for 4 and
7 weeks after planting arsenic concentrations were lower in mycorrhizal plants compared to non-mycorrhizal plants. Likewise, As uptake by
shoots and roots was lower in mycorrhizal plants compared to non-mycorrhizal plants. Arsenite, which was not present in the substrate ini-
tially, was detected in the soil solution from the root compartment in increasing amounts from 7 to 70 days after planting. Arsenite concen-
trations in the soil solution from the root compartment were higher at the lower level of P supply. At this level of P supply soil solution arse-
nite concentrations were higher in the treatment with mycorrhizal inoculation.
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Diversity and significance of plant-associated bacteria for heavy metal accumulation in plants
Kuffner Melanie1, Idris Rughia1, Puschenreiter Markus2, Wenzel Walter W.2, Strauss Joseph1, Sessitsch Angela1

1 Austrian Research Centers GmbH n.a. A-2444 Seibersdorf Austria
2 University of Natural Resources and Applied Life Sciences, Department of Forest and Soil Sciences

Several plants are able to tolerate high heavy metal concentrations in soil by accumulating the toxic element. Usually, only low heavy metal
concentrations in contaminated soils are bioavailable and it is assumed that microorganisms are involved in metal mobilization. However,
very little is known on the diversity as well as functions of bacteria associated with heavy metal accumulating plants.

We analysed rhizosphere and endophyte bacterial populations associated with two accumulating plants, Thlaspi goesingense and Salix
caprea. T. goesingense is a hyperaccumulator of Ni, which grows endemically on serpentine soils in Austria, whereas S. caprea accumula-
tes high amounts of Zn and Cd. Bacterial communities were characterized by 16S rRNA-based methods and isolates were further tested
regarding their heavy metal resistance, siderophore production, mobilization capacities, ACC deaminase activities and plant growth promo-
tion.

By cultivation-independent analysis T. goesingense showed to host highly diverse communities in the rhizosphere as well as inside plants.
Representatives of the major bacterial phyla were identified including the phylum Holophaga/Acidobacterium. Ni-resistant isolates mainly
comprised high GC Gram-positives and alpha-Proteobacteria such as Sphingomonas and Methylobacterium. The latter genus was particu-
larly abundant in the endosphere, however distinct strains were found in the rhizo- and endosphere. Many strains produced ACC deaminase
activity potentially improving the stress tolerance of the plant and almost all strains showed siderophore production. Siderophores potentially
improve the Fe nutrition of the plant and it has been hypothesized that they mobilize heavy metals. 

Heavy metal resistant strains isolated from the rhizosphere of S. caprea mostly comprised alpha- and beta-Proteobacteria and high G+C
Gram-positives. Mainly Methylobacterium and Sphingomonas were isolated as endophytes. Again, many strains showed ACC deaminase
and siderophore production. Plant experiments identified strains, which increased heavy metal concentrations, whereas others increased
heavy metal uptake by plant growth promotion. Mobilization studies showed that siderophore production was not responsible for heavy metal
mobilization. Other strains, however, greatly enhanced the mobile heavy metal fraction and we assume that other secondary metabolites,
which are currently investigated, are responsible for that effect.
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Degradation of petroleum hydrocarbons in the mycorrhizosphere of northern forest soils
Robertson Susan, Rutherford Michael, Massicotte Hugues

University of Northern British Columbia NRES 3333 University Way V2N 4Z9 Prince George British Columbia Canada

Accidental releases of petroleum hydrocarbons (PHCs) in northern forest ecosystems are becoming more widespread, but the fate of PHCs
with respect to biodegradation by indigenous microbial communities is not well understood. We investigated the contributions of ectomycor-
rhizal (ECM) systems (fungi-plant root symbioses and heterotrophic bacteria associated with extraradical fungal mycelia), which represent
the dominant biomass in these soils, towards PHC biodegradation. Surface-sterilized seeds (Pinus contorta, lodgepole pine; Betula papyri-
fera, paper birch) were planted into Conetainer pots containing reconstructed forest soils: an organic layer (mor humus, oil-contaminated
humus, coarse woody debris) overlying sandy mineral horizons (Ae and Bf) of field-collected forest soils obtained from central B.C., Canada.
After 4 months, B.C. light crude oil (219 mg cm-2) was applied to the soil surface around the seedling stem; systems were destructively sam-
pled at 1 and 16 weeks following treatment. Initially, root systems were examined using light microscopy to assess treatment effects on ECM
fungal community structure and abundance; subsequently, profiles of root-associated fungal and bacterial communities were generated using
length heterogeneity PCR. Biochemical tests were used to assess bacterial community functions (community level physiological profiles) and
individual ECM fungal functions (laccase assay). Concentrations of PHCs in 3 fractions (based on equivalent normal straight-chain boiling
point ranges) were determined using acetone-hexane extraction followed by GC-FID analysis. We found that nearly all plant-organic soil layer
combinations showed significant loss of nC10-nC16 fraction PHCs at 1 and 16 weeks, indicating an inherent ability of the indigenous micro-
bial community for biodegradation. However, only certain combinations (pine-CWD and birch-mor humus) showed significant declines in total
PHC concentration over the study period. These results will be discussed in the context of ECM community structure, richness and function.
Preliminary results indicate that the level of PHC contamination used in this study appeared to have minimal impact on the development and
metabolic capacity of ECM communities. This research contributes to ecologically-based approaches to environmental management and
remediation.

O-956

Field-scale relevance of root-mediated changes of soil solution copper concentration in the rhizosphere of
durum wheat grown in copper-contaminated, former vineyard soils
Bravin Matthieu, Michaud Aurélia, Galleguillos Mauricio, Hinsinger Philippe

INRA - Montpellier SupAgro, UMR 1222 Biogéochimie du Sol et de la Rhizosphère, place Pierre Viala 34060 Montpellier cedex 1, France

Copper (Cu) contamination of vineyard soils due to heavy use of Cu-based fungicides is at concern for annual crops such as durum wheat
() which replace vine, as phytotoxicity symptoms are frequently observed especially in calcareous soils. Despite the ability of roots to release
exudates and alter the rhizosphere pH, there is only scarce evidence of root-mediated changes of soil solution Cu concentration, and most
of these have been obtained either in the lab or in forest stands.

Forty two soil samples were collected in former vineyard soils near Béziers (South of France) with varying pH (4.2-7.8) and total Cu content
(32-1030 mg kg-1). Durum wheat plants were sampled at the same location at tillering. Roots were separated from the adhering soil, opera-
tionally defined as rhizosphere, by washing with deionised water. Similar process was applied to bulk soil and Cu was determined in rhizos-
phere and bulk soil washing water (Cu-H2O). After 0.01 M CaCl2 extraction of rhizosphere and bulk soil, pH, Cu and aluminium (Al) concen-
trations were measured. Iron (Fe) and Cu contents in plants were determined.

Rhizosphere pH change (rhizosphere – bulk soil) sharply increased from calcareous to acidic soils and reached up to 1 pH unit in the most
acidic soils. CaCl2-Cu and -Al were 5 to 10-fold lower in the rhizosphere than in bulk soil for the most acidic soils and quite similar above pH
5.5. Such rhizosphere alkalisation was therefore responsible for the decrease in soil solution Cu concentration in the rhizosphere compared
to bulk soil in the most acidic soils and for a reduced exposition of roots to solution Cu over a broad range of bulk soil pH. Conversely, Cu-
H2O was larger in the rhizosphere than in bulk soil, up to 5 to 10-fold in strongly acidic and calcareous soils. Dissolved organic carbon (DOC)
content and its chelating properties probably explained such effects and we hypothesized that plant roots exuded organic acids in the most
acidic soils to detoxify Al or Cu, and phytosiderophores in calcareous soils to increase Fe availability. The latter hypothesis will be discus-
sed, given that we evidenced some Fe-Cu antagonism in roots and Fe-chlorosis symptoms in shoots of plants grown in the most Cu-conta-
minated, calcareous soils. Our results highlight the ecological relevance of root-mediated changes of pH and DOC (both quantity and qua-
lity) and their consequences on soil solution Cu.
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Quantitative analysis of root and ectomycorrhizal exudates as a response to heavy metal (Pb, Cd and As)
stress
Johansson Emma, Fransson Petra, Finlay Roger, van Hees Patrick

Natural Sciences Örebro University Örebro University 701 82 Örebro Örebro Sweden

Lead (Pb), cadmium (Cd) and arsenic (As) are three commonly occurring trace elements found at contaminated sites. Ectomycorrhizal (ECM)
fungi are known to interact with trace elements, thereby producing different forms of organic compounds in response to their exposure. In
the present study, Pinus sylvestris seedlings either colonized by six different ECM fungal species or non-mycorrhizal (NM) were grown in
Petri dishes containing glass beads and nutrient solutions of different concentrations of Pb, Cd, As or mixed solutions (Pb + Cd, Pb + As).
Before the seven day trace element exposure the mycorrhizal seedlings were pre-grown in a low nutrient solution for five weeks. Exudation
of low molecular weight (LMW) organic compounds in mycorrhizal and non-mycorrhizal (NM) systems was qualitatively and quantitatively
determined using capillary electrophoresis (CE) and high-performance liquid chromatography (HPLC), and exudation rates were calculated.

The main compounds identified were LMWOAs, especially oxalate. In most experiments the levels of oxalate were significantly higher in ECM
treatments compared to NM controls. The measured levels of oxalate among ECM fungal treatments were variable (1.6 – 9.9 µmol g-1 root
and fungal dry weight), but the results showed that the production of oxalate is significantly increased by exposure to elevated Pb and Cd in
mycorrhizal seedlings. Elevated Pb and Cd concentrations also increased oxalate production by NM seedlings significantly compared to NM
seedlings growing in nutrient solution only. Exposure to As and mixes of trace elements did not result in any significant increase in oxalate
production. Other organic compounds (e.g. amino acids and monosaccharides) did not show any elevated exudation at trace element stress.

Keywords: ectomycorrhiza, exudation, heavy metals, LMWOAs, oxalate, Pinus sylvestris

O-854

Speciation of Cu in the rhizosphere of paddy soils impacted by the exploitation of a porphyry copper deposit
Lenoir Thomas1, Lanson Martine1, Singh Harwant2, Manceau Alain1

1 CNRS / LGIT UMR 5559 LGIT-BP53 38041 Grenoble Cedex 9 France
2 Faculty of Resource Science and Technology, University Malaysia, Sarawak, Malaysia

Natural concentrations of copper in soils are typically lower than one hundred mg/kg. Soils in the adjacent lowlands of the defunct Mamut
porphyry copper mine in the province of Sabah, Malaysia, contain higher amount of Cu due to contamination by runoff waters from the open
pit and two major tailing storage related accidents, which occurred during the mining operation period (1975-1999). The Cu released has
accumulated over several hundred km2 in the paddy fields. Although mining activities have ceased, two contamination pathways still exist:
mine drainage from the mine pit, and lixiviation from the lowland tailing dam, which hems in about 160 million tons of waste over 0.44 km2.
At about four km from the open pit situated in the watershed, Cu concentration in topsoils is about 600 mg/kg, and at two km from the dam
it is as high as 1,200 mg/kg. The aim of this study is to identify the nature of the Cu bearing phases in the paddy fields near the dam and
along the lowland drainage system fed by the watershed with outflow from the pit, estimate its bio-availability and the risk of transfer to tro-
phic chains.

The distribution of Cu and its correlations with other elements were determined by micro X-Ray Fluorescence. To evaluate the variability in
Cu speciation, micro X-Ray Absorption Near Edge Structure spectra were recorded at every point on the µXRF maps, representing the dif-
ferent types of elemental associations. The number of Cu species were evaluated by analyzing the whole set of µXANES spectra by princi-
pal components analysis. Crystalline Cu phases were identified by micro X-ray diffraction, and the local structure of Cu in poorly and non-
crystallized phases was determined by micro Extended X-Ray Absorption Fine Structure spectroscopy. Finally, the nature and proportion of
major Cu species in the topsoils were determined by powder EXAFS on representative bulk samples. Results show that Cu has permeated
the whole clayey pedological matrix and is also present in rice roots. Six forms were found: chalcopyrite (CuFeS2), metallic copper, delafos-
site (CuFeO2), Cu-containing phyllosilicate, Cu bound to organics, and a yet unidentified species. The phyllosilicate and organic forms pre-
dominate, and are sufficient for a macroscopic description of Cu contamination in the study area. Further studies will focus on characterizing
these two major Cu forms, evaluating their stability, and identifying the undetermined form.
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Functional and structural shifts in a PCB-contaminated soil ecosystem after the introduction of a suitable host
plant for rhizoremediation
Aguirre de Cárcer Daniel1, Martin Marta1, Karlson Uli2, Rivilla Rafael1

1 Universidad Autónoma de Madrid Biología general Darwin 2 28049 Madrid Madrid Spain
2 Department of Environmental Chemistry & Microbiology, National Environmental Research Institute, 4000 Roskilde, Denmark

Rhizoremediation, the use of integrated plant-microorganism systems for soil remediation, has attracted much attention over the last years.
However, a better understanding of the diverse microbial populations that develop in the rhizosphere is required before we can begin exploi-
ting this emerging technology. The aim of this study was to evaluate the possible structural and functional changes occurring in a contami-
nated soil ecosystem from a site with a history of polychlorinated biphenyls (PCBs) contamination, after the introduction of a suitable host
plant for rhizoremediation (Salíx viminalis). We have studied the populations and phylogenetic distributions of key bacterial groups (a and b-
Proteobacteria, Acidobacteria and Actinobacteria) and of the ISPa gene of the toluene/biphenyl subfamily of Rieske non-heme dioxigenases
(principal responsible of substrate specificity in the main PCB catabolic pathways) in soil and rhizosphere, by combining the construction of
gene libraries with the use of Temperature Gradient Gel Electrophoresis (TGGE) for library screening. The results, based on the analysis of
415 different clones, grouped into 133 Operational Taxonomic Units (OTUs) that were sequenced (> 130 kbp), state that the rhizospheric
bacterial community which evolved from the native soil community during the development of the root system was distinct from the soil com-
munity (except for the Actinobacteria). The results show a higher than expected abundance of b-Proteobacteria (also observed in other PCB-
polluted soils) and an enrichment of Proteobacteria sequences in the rhizosphere. The ISPa sequences obtained show great diversity with
respect to previously described Rieske non-heme oxygenases and probably code for functional enzymes (many cluster with the Gram nega-
tive biphenyl dioxigenases branch of the toluene/biphenyl subfamily). It is noteworthy the appearance of a toluene/biphenyl subfamily clus-
ter composed of many sequences coming from this study but with only some previously described environmental sequences which seems
to contain far greater diversity than the main cluster of the  clone libraries?toluene/biphenyl subfamily. Comparison of the ISPa derived from
soil and rhizosphere revealed differences between their catabolic gene structures. Two ISPa sequences dominated the rhizosphere accoun-
ting for almost 60% of the gene library, and were most similar to putative ISPa from Pseudomonas sp.

O-363

Fate of PAH, metallic trace elements and microbial community structure in the rhizosphere of alfalfa in a conta-
minated soil before and after remediation treatments and the impact of AM fungi
Norini M.P., Cébron A., Beguiristain T., Biache C., Munier-Lamy C., Leyval Corinne

LIMOS UMR 7137 Nancy University, CNRS Université H. Poincaré Nancy 1, Faculté des Scienc 54506 Vandoeuvre les Nancy France

Many industrial soils are polluted by a mixture of pollutants including metallic trace elements (MTE) and organic pollutants such as polycy-
clic aromatic hydrocarbons (PAH). Available remediation techniques may not eliminate completely the pollutants. Further, soil functioning is
drastically affected by these treatments. Plant-microorganisms-based technologies could be a strategy for soil remediation and for the res-
toration of soil functioning after treatment. 

The objectives of this study were to evaluate plant growth, the fate of pollutants and microbial community structure in a soil contaminated
with PAH and heavy metals, before and after remediation with two techniques, biopile and thermal desorption, and the impact of AM inocu-
lation and fertilization on these parameters.

We investigated, in pot experiments, the ability of plant, mycorrhizal fungi and nutrients to restore soil functioning in contaminated soils before
and after two different remediation technologies (biopile and thermal desorption). Treated soils were compared to the contaminated soil and
were planted or not with alfalfa (Medicago sativa L.), inoculated or not with an AM fungus (Glomus intraradices) and fertilised or not. After 2
months, plant survival and growth, the fate of pollutants in the rhizosphere soil, including the extractability of MTE, and in the plant, mycor-
rhizal colonization, bacterial community structure (using PCR-TTGE) and functional diversity (real time PCR with PAH degradation genes)
were measured. Results showed that plant growth was reduced on treated soils, especially the soil treated with thermal desorption, although
PAH concentration was very low. However, the MTE concentration was not reduced by the remediation treatments, and microbial activity of
remediated soils was very low. Mycorrhizal inoculation and fertilization of clover improved plant growth and nutrition, and changed microbial
community structure especially in the remediated soils, but did not significantly affect residual PAH and extractable MTE concentrations. A
field study was set up in the fall 2005, to confirm such data. The characterisation of physical, chemical and biological properties of remedia-
ted soils should be included in remediation treatment schemes.

O-667



Metals in soil versus plant-microbe interactions: biotic and chemical interferences 
Kamnev Alexander A.

Institute of Biochemistry and Physiology of Plants Laboratory of Biochemistry of Plant-Bacterial Symb Prosp. Entuziastov, 13 410049 Saratov Russia

Plant-growth-promoting rhizobacteria (PGPR) and PGPR–plant-root associations are a promising field for agrobiotechnology. In polluted
soils, heavy metals (HM), in contrast to organic xenobiotics, cannot be degraded by the soil biota (except Hg, Se or As that can be reducti-
vely volatilised), being a matter of growing environmental concern, especially for rife acidic soils. In this work, various HM-induced chemical
and biological processes related to plant-microbe interactions (PMI) were studied.

In acidic media, some low-MW secondary bacterial and plant metabolites and related compounds (e.g. organic and amino acids; auxin phy-
tohormones excreted also by many PGPR) were shown to be involved in abiotic redox processes. As a result, soil Fe(III) can be reduced
even under aerobic conditions, increasing the pool of more soluble and bioavalable Fe(II) species but, on the other hand, resulting in oxida-
tive degradation of auxins, thus indirectly affecting PMI [1]. The ubiquitous PGPR Azospirillum brasilense was found to be relatively highly
HM-tolerant. Spectroscopic studies of whole cells showed that Co, Cu and Zn induced marked metabolic changes (e.g. PHB accumulation)
in its nonendophytic strain Sp7, but not in the strain-endophyte Sp245. Thus, bacterial adaptation strategies depend on the ecological niche
which they occupy in the rhizosphere. Nevertheless, special nuclear chemistry studies using the 57Co radionuclide showed that in live cells
of Sp245, primary rapid binding of Co(II) traces is also followed by its metabolic transformation [2]. Cu and Cd were found to induce a reduc-
tion in auxin biosynthesis by both the strains [3], thus reflecting some negative impact of HM on PMI. 

To conclude, under a moderate HM stress PGPR can be tolerant and retain some of their functions beneficial for PMI. However, it is yet to
be studied how HM can influence such PMI-related processes as bacterial aggregation and plant-root colonisation, quorum sensing and
other signalling.

Supported in part by NATO Grants LST.NR.CLG.981092, CBP.NR.NREV.981748.

[1] Kamnev A.A. In Plant Microbe Interaction (E.A. Barka, C. Clement, Eds.), Blackwell Publ., Oxford, 2007, Invited Chapter (in press).
[2] Kamnev A.A. et al. Anal. Chim. Acta, 2006, 573-574: 445-452.
[3] Kamnev A.A. et al. J. Trace Elem. Med. Biol., 2005, 19: 91-95.
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Uptake and rhizosphere effect of PAHs in aged contaminated soil by rice (Oryza sativa) seedlings
Su Yuhong1, Zhu Yongguan2

1 Xinjiang University 830046 830046 Urumqi Peoples Republic of China
2 Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Uptake and rhizosphere effect of three polycyclic aromatic hydrocarbons (PAHs), naphthalene (NAP), phenanthrene (PHN), and pyrene
(PYR) by rice (Oryza sativa) seedlings in spiked soil after four months ageing were investigated. Pot experiments were conducted with a
series of concentrations of 50-200, 18-72 and 6.6-26.6 mg/kg NAP, PHEN, PYR respectively in initial spiked soils, while 1.02-1.42, 1.32-4.77
mg/kg and 2.98-18.54 mg/kg for NAP, PHEN and PYR, respectively after ageing. Experiment data indicated that NAP, PHEN and PYR
concentration which could be detected decreased by 98%, 95% and 30% after four months ageing due to volatilization, fixation by soil orga-
nic matter and microbial degradation. During 8-week growth period, PAHs spiking did not have toxic effects on rice seedlings. Results indi-
cated that the concentrations of three PAHs in rice roots were greater than those in the rice shoots. The concentrations of the PHN and PYR
in the rice roots increased proportionally with those in external solution (soil pore water), and those in rhizosphere soil. However, PAHs
concentrations in rice shoots were independent of the PAHs concentrations in external solution, rice roots or rhizosphere soil. Rhizosphere
effect experiments showed that the contribution of direct uptake and accumulation by rice seedlings to the removal of three PAHs in soils
was very low compared to other pathways of disappearance, such as volatilization, microbial degradation. The contribution ratios of plant
uptake, plant-promoted rhizosphere microbial degradation and other mechanisms in pyrene removal were 0.24%, 14% and 85% respecti-
vely, calculated by the different pyrene concentrations in rhizosphere soils and non-rhizosphere soils, in planted soils and non-planted soils. 

P-589

Effects of ectomycorrhizal fungus on Cd uptake and physiological properties of Poplar under Cd treatment
Han Sim-Hee1, Kim Du-Hyun2, Lee Kab-Yeon2

1 Forest Seed Research Center, Korea Forest Research Institute Forest Genetic Resources 44-3 Omokchun-dong, Kwonsun-gu 441-350 Suwon
Kyounggi-do Korea
2 Department of Forest Genentic Resources, Korea Forest Research Institute

This study was conducted to figure out the effects of ectomycorrhizal fungus on Cd uptake ability and physiological properties of Populus xto-
mentoglandulosa under Cd treatment. To investigate the effects of Cd treatment and Pt association, P. xtomentoglandulosa was treated with
CdSO4 0.4mM and inoculated with ectomycorrhizal fungus, Pisolithus tinctorius (Pt). Cd uptake ability was evaluated with Cd content in leaf,
stem and root. To assess the physiological properties, we investigated the changes on photosynthetic parameter, pigment content, dry weight
and the activities of antioxidative enzymes, i.e. superoxide dismutase (SOD) and glutathione reductase (GR). Cd uptake ability of Cd-trea-
ted ectomycorrhizal plants increased 1.6, 2.7, and 1.7 times in leaf, stem and root when compared to non-mycorrhizal plants. The results
were related with the increase of transpiration rate on the leaves of ectomycorrhizal plants (control 43.3%, Cd-treated 34.8%). However, the
increase of Cd uptake ability of ectomycorrhizal plants was resulted in the reduction of net photosynthesis (14.4%), total chlorophyll content
(9.3%), and dry weight (24.3%) under Cd treatment. In addition to, the SOD activity in the leaves of ectomycorrhizal plants did not show signi-
ficant difference but GR activity decreased up to 45.2% under Cd treatment.

P-414
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Bacterial copper resistance in soybean rhizosphere soil and contribution to metal phytoextraction and soil
detoxification
Emnova Ecaterina, Gojinetschi Ortantsa, Oxana Daraban, Oxana Ganea, Toma Simion

Institute of Plant Genetics and Physiology, MAS Plant Mineral Nutrition str Padurii, 20 MD-2002 Chisinau Moldova

One of possible mechanisms of microbial metal resistance in plant rhizosphere is the production of metal complexing substances, such as
extracellular polysaccharides. The aim of this study was to evaluate the production of microbial exopolysaccharides (EPS) in soybean root-
adhering soil (RAS) with varying copper amendments. The greenhouse experiment (pots with 5 kg of cernoziom soil; humus content 2.3%;
4 soybean seeds per pot) included 3 copper treatments: 10 mg kg of dry soil-1 (optimal for plant nutrition), 300 mg kg-1 and 600 mg kg-1, and
control without copper amendment. Polysaccharide production (water-soluble and soil-bound) in RAS was assessed with phenol-sulfuric acid
reagents. The number of EPS-producing bacteria was quantified on sucrose (20 g/L) containing media, total bacteria number – on soil extract
plates. It was shown, the Cu-concentration 10 mg kg of dry soil-1 had no effect on rhizosphere microbial community during soybean ontoge-
nesis term. The concentration of water-soluble hexoses in soybean RAS increased by 5.3 times (bean ripening phase) at Cu-concentration
300 mg kg of dry soil-1. Number of EPS-producing bacteria enhanced by 4.7 times at the same soybean growth phase, although the total
microbial number reduced by 25% in comparison with the control. Microbial activity measured by fluorescein diacetate hydrolysis rate just
repeated the dynamics of water-soluble hexose concentrations in RAS. The copper concentration 600 mg kg-1 provides restrictive condition
for activity of rhizobacterial community, total microbial number reduced by 75%. Inoculation of soybean RAS by EPS-producing
Pseudomonas aureofaciens CNMN PsB-03 strain resulted in enhanced Cu-concentration in soybean leaves, especially at soil water-defi-
ciency. At the same time, soil inoculation with the Pseudomonas strain resulted in increased vegetative wet and dry biomass production of
40 and 33 % respectively over biomass produced by the non-inoculated plants. The main conclusion was, extracellular polysaccharide pro-
duction improves bacterial and plant resistance to excessive soil copper levels - thereby improving environmental security and agricultural
production.

P-380

Phenanthrene phytoremediation: role of inoculum in soil-plant-microorganisms system
Cicalini Anna Rita, Rompietti Paola, Pennacchioni Roberta, Panunzio Elisabetta, Santori Francesca

ISRIM (Institute for Research and Training in Spe Biology&Environment Località Pentima Bassa n°21 05100 Terni, Italy

The polycyclic aromatic hydrocarbons (PAHs), such as phenanthrene, naphthalene and anthracene, are pollutans persistent in the environ-
ment, they easily enter the food-chain and due to carcinogenicity, mutagenicity and teratogenicity, they represent a risk for human health. It
is strikingly important for this reason to remove these contaminants from the soil. Despite phytodepuration is a sustainable alternative emer-
ging for the remediation of PAHs contaminated sites, this technique is limited by the pollutants concentration. At high contamination levels,
the plants do not survive, because the PAHs phytotoxicity exceeds their limit of tolerance; at lower levels, the plants do not have the time
required to select a beneficial microbial population of the rhizosphere soil and, thus, they are not able to degrade the pollutant. The use of a
selected inoculum on tree roots is overcome the abovementioned problem by reducing the time needed for the bioremediation of the conta-
minated sites. The aim of our work was to investigate the contribution to the bioremediation process of phenanthrene contaminated soil by
selected microorganisms (bacteria and fungi) introduced on Buxus sp. roots.

For this purpose pots were filled with soil artificially contaminated with 300 mg/kg soil of phenanthrene. Successively, arboreal plants belon-
ging to Buxus genus amended or not with microbial inoculum were planted. Control pots without plants, were also investigated in order to
evaluate the activity of endogenous microflora. The degradation of phenanthrene was monitored by spectrofluorimetric analysis of soil metha-
nolic extracts. Microbiological analyses were carried out on bulk soils and on rhizosphere soils at the time zero and at day 76. Finally, we
carried out ecotoxicological tests with Folsomia candida on final bulk soils to investigate the kinetics of soil toxicity in each pot. The results
indicate that the added inoculum increased the removal of the pollutant from the soil, with beneficial effects on plant physiology. The addi-
tion of the inoculum to control soil accelerated the chemical degradation of phenanthrene, but did not assure complete ecological recovery
of soil as in the vegetated one.
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Rhizosphere microbial community as indicator of the efficiency of a metal phytoextraction process
Epelde Lur1, Becerril Jose María2, Garbisu Carlos1

1 NEIKER-TECNALIA Agroecosystems and Natural Resources Berreaga 1 48160 Derio Bizkaia Spain
2 Dept. Plant Biology and Ecology, University of the Basque Country

The ultimate objective of a metal phytoextraction process must be to restore soil health, i.e. the continued capacity of the soil to properly
function according to its potential. In this respect, due to their sensitivity and capacity to provide information that integrates many environ-
mental factors, the activity, size and diversity of the soil microbial community are considered reliable indicators of soil condition. 

In order to evaluate both (i) the capacity of Sorghum bicolor x sudanense (repeated cuttings) to phytoextract Cd and Zn from soil and (ii)
the possibility of biomonitoring the efficiency of the phytoextraction process using the rhizosphere microbial community as indicator of soil
health, a short-term microcosm study was carried out under controlled conditions with soil artificially polluted with 100 mg kg-1 Cd and 1000
mg kg-1 Zn. 

Apart from plant and soil metal concentration, the following parameters were determined in both rhizospheric and bulk soil: physicochemical
properties (pH, OM, EC, N, P, K, etc.), dehydrogenase activity, basal and substrate induced respiration (with glucose and a model synthetic
root exudate), community level physiological profiles and, finally, seed germination toxicity tests. 

Sorghum plants proved suitable for metal phytoextraction. Most importantly, the revegetation of the polluted soil led to an activation of its
functionality. Indeed, at the end of the phytoextraction study, similar values of rhizospheric physicochemical and biological properties were
obtained in the phytoremediated pots as compared to control non-polluted pots. The potential of biological indicators of soil health to assess
the efficiency of a phytoextraction process has been highlighted. 
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Root thiols: potential roles in heavy metal accumulation and distribution in plants
Reid Rob1, Zhu Yongguan2

1 University of Adelaide School of Earth and Environmental Sciences University of Adelaide 5005 Adelaide SA Australia
2 Department of Soil Environmental Sciences, Research Centre for Eco-Environmental Sciences, Chinese Academy of sciences, Beijing, 100085, P.R.
China

The toxicity of many heavy metals is related to their affinity for thiol (-SH) groups in proteins. Plant strategies to mitigate heavy metal toxicity
include the induction of synthesis of a range of thiol-containing compounds, and the intracellular compartmentation of the thiol-metal conju-
gate. Root thiols are emerging as a key controller of accumulation of many toxic metals and metalloids in plants. The fate of absorbed toxic
metal(loid)s with affinities for thiol groups must inevitably be a function of both the ability of a plant to induce thiol synthesis, the maximum
capacity for thiol production, and the strategies adopted to compartmentalise the thiol complex within the root or to transfer the complex to
other parts of the plant. The primary role of excess thiol synthesis following exposure to such toxins as arsenic and cadmium appears to be
in diverting these elements from potentially destructive actions on essential metabolic processes. The capacity to synthesise thiols, and the
range of thiols synthesised, varies widely among plant species. The interplay between thiol synthesis and transport of thiol complexes is likely
to be a major factor in determining tolerance, hyperaccumulation and levels of toxic elements in agricultural produce. We have been inves-
tigating the accumulation and distribution of arsenic and cadmium in rice to see whether the genotypic variation can be explained by diffe-
rences in transport activity or expression of genes involved in thiol synthesis.
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Iron plaque formation and effects of iron plaque on arsenic uptake by and translocation within rice (Oryza
sativa) plants
Liu Wenju1, Zhu Yongguan2, Hu Ying2

1 Agricultural University of Hebei College of Natural Resources and Environmental Sci Jianshe Nanlu 215, Baoding, China 071000 Baoding Hebei
Province Peoples Republic of China
2 Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, China

Irrigation of rice with arsenic (As) contaminated wastewater or groundwater, especially in China, Bangladesh, India and South-east Asia, can
increase the accumulation of arsenic in soils and poses risks to soil ecosystems and human health. Development of management practices
to reduce As concentrations in rice requires a better understanding of mechanisms of arsenic uptake by and translocation within rice plants. 

We have investigated that iron plaque formation and the roles of iron plaque on arsenate uptake by and translocation in rice seedlings. Firstly,
Iron plaque was formed clearly on the root of rice after 12 h of pretreatment with Fe2+ in the hydroponic experiment. Arsenic concentrations
in iron plaque on the roots were significantly higher than those in no plaque. There was a significant correlation between the concentrations
of Fe and As in iron plaque and about 75%-89% of total As was concentrated in iron plaque. Our results suggested that iron plaque might
act as a “buffer area or carrier” for As uptake in the rhizosphere. Secondly, Rice roots appeared reddish after 24 h in solution without phos-
phorus (–P), indicating the formation of iron plaque on the rice root. Arsenic concentrations on the root surface were significantly higher in -
P plants than in plants grown in nutrient solution with phosphorus (+P). However, arsenic concentrations in shoots were significantly lower
in –P plants (13 mg As kg-1) than in +P plants (20 mg As kg-1). This indicates that iron plaque reduced the translocation of As from roots to
shoots, while P enhanced As translocation. Moreover, Soil-glass bead combined culture system was used to investigate iron plaque forma-
tion and As sequestration in iron plaque on the root of mature rice plants in greenhouse. Iron plaque deposited on the rice roots was une-
ven from root tip to root base. The amounts of iron plaque followed the order: root-tip > middle-section > root-base. X-ray absorption near-
edge structure spectra and extended X-ray absorption fine structure were utilized to identify the mineralogical characteristics of iron plaque
and arsenic sequestration in plaque on the mature rice roots. Iron plaque was dominated by (oxyhydr)oxides, which were composed of fer-
rihydrite (81%-100%), with a minor amount of goethite (19%). Sequential extraction and XANES data showed that arsenic in iron plaque was
sequestered mainly with amorphous and crystalline iron (oxyhydr)oxides, and that arsenate was the predominant species.
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Beneficial rhizosphere bacteria for bioremediation of oil-comtaminated soils
Kochetkov Vladimir, Siunova Tatyana, Anokhina Tatyana, Sizova Olga, Boronin Alexander

Institute of Biochemistry and Physiology of Microo Lab. of Plasmid Biology 142290 Pushchino, Moscow reg., Prospect Nauki, 5, 142290 Pushchino
Moscow region Russia

The bioremediation technologies are based on the interdisciplinary approaches, which employ mostly microorganisms. Plant growth-promo-
ting rhizobacteria, specifically fluorescent Pseudomonas bacteria (PGPP), are very promising candidates for bioremediation of soil contami-
nated by oil, heavy metals and other toxic pollutants. The concurrent use of plants and PGPP, able to degrade pollutants and resistant to
toxic compounds, makes the bioremediation process more efficient. The most of PGPP strains isolated and studied are antagonists of soil
borne plant pathogens. PCR and DNA-DNA hybridization applied to these strains have revealed genes controlling the synthesis of phenazi-
nes, 2,4 diacetylphloroglucinol, pyoluteorin, pyrrolnitrin, and their derivatives. The new PGPP strains bearing plasmids responsible for the
degradation of polycyclic aromatic compounds (PAH) and the resistance to heavy metals (Ni, Co, Zn, Cd), and other toxicants (arsenite/arse-
nate) have been constructed. Some of these constructed strains degrade naphthalene and phenanthrene more efficiently than natural bac-
terial isolates. The most efficient “plasmids-bacteria” combinations have been obtained on the basis of the P. aureofaciens strain BS1393
and P. chlororaphis strain PCL1391. The model experiments on the soils contaminated by PAH mixture (naphthalene - 1 g/kg of soil and phe-
nanthrene - 0.2 g/kg), nickel (400 mg/kg) and arsenic (50 mg/kg) have demonstrated that some plasmid bearing PGPP strains protected sor-
ghum plants both from the soil-borne plant pathogens and from the toxic additions very efficiently. The use in bioremediation technology of
new multifunctional PGPP strains which combine the genetic systems for PAH degradation, resistance to toxic compounds, and promotion
of plant growth/protection can be considered as good perspective for bioremediation.

The work is supported by 1) CRDF grant # RUB2-010001-PU-05; 2) DOE-IPP Grant CRDF RBO-10118; 3) Ministry of Education and Science
of Russian Federation grant #RNP 2.1.1.9321
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Isolation of nodulating Medicago sativa rhizobia from mining sites and study of their resistance to heavy metals
in perspective to use symbiosis for soil remediation
Zribi Kais1, Ayachi Asma2, Djebali Naceur2, Mlayah Ammar3, Aouani Mohamed Elarbi2

1 Technopole Borj Cedria CBBC, LILM BP 901 2050 Hammam-Lif Tunisia
2 Laboratoire Interactions Légumineuses Microorganismes (LILM), Centre de Biotechnologie, Technopole Borj Cedria (CBBC), BP 901 Hammam lif
2050, Tunisie
3 Laboratoire de Géochimie et Physico-chimie des eaux, Centre des recherches et des technologies des eaux, Technopole Borj Cedria

Besides fixing nitrogen and fertilizing soils, the symbiosis Medicago-Sinorhizobium can participate to the remediation of contaminated soils
whatever the type of contamination (heavy metals, organic pollutants…). In our study we investigate the potentialities of the symbiosis M.
sativa-Sinorhizobium to remove heavy metals from soils. To accomplish this objective we have sampled soils from three mining sites in the
north of Tunisia, Gzala, Ain Allagua and Djerissa. In the latter site three points at different distances of the mining residues were sampled.
Analyse of heavy metals showed that Pb, Cu, and Zn were present in soil of Djerissa at 250, 150 and 390 mg/kg, respectively. Moreover, a
soil from a not mining site (Mateur) was sampled to use as a control. A local cultivar of M. sativa was cultivated on the different sampled soils.
In preliminary results, plants of Mateur showed the higher number of nodules and growth. In the Djerissa soils we have remarked that the
two parameters were positively correlated to the distance from the mining residues. Fifty isolates of Sinorhizobia were isolated from soils.
Rhizobia isolates were purified and their tolerance to different concentration of Cu and Zn on agar plates are currently under analysis.

P-623

Influence of arbuscular mycorrhizal fungi on the mass balance of cadmium in Medicago truncatula grown on
contaminated soils.
Redon Paul-Olivier, Béguiristain Thierry, Leyval Corinne

LIMOS UMR 7137 Nancy University, CNRS Université H. Poincaré Nancy 1, Faculté des Scienc 54506 Vandoeuvre les Nancy France

In some polluted sites, trace metal elements can reach high concentrations in soils. Because high amounts of metals cause damage to vege-
tation and are dangerous for health, soil to plant transfer of such non-degradable pollutants needs to be monitored. Depollution of soils or
metal immobilisation have to be optimized to avoid contamination of the food chain. Metal behaviour in soils depends on soil characteristics
but also on biotic factors. Widespread arbuscular mycorrhizal (AM) fungi establishing symbiosis with most of herbaceous plants have been
shown to affect metal transfer to plants. Some studies revealed that inoculation with mycorrhiza retain metals in the rhizosphere and reduce
translocation to aerial parts. AM fungi are known to protect host plant from metal stress and to promote growth on contaminated soils.
Nevertheless, the soil-plant system is complex and different fungal effects were reported according to the soil, metal concentrations, plants
and fungi studied. There is also little data on the effect of AM inoculation on the mass balance of trace metals in soil-plant-fungus systems.
The present study aimed at quantifying the effect of AM fungi on the mass balance of cadmium (Cd) in pot experiments. Our experiments
were performed to give an overview of Cd transfer from different soils to a model plant, Medicago truncatula, influenced by different AM fungi.
In a first experiment, mycorrhizal (Glomus intraradices) (M) or not mycorrhizal (NM) medics were grown on four metal contaminated soils
chosen for their different metal availability. In a second experiment, only one historically polluted soil was used and different species of fungi
(G. intraradices and G. mosseae species from metal contaminated and non contaminated soils) were tested. Plant growth and Cd uptake by
the legume provided information on the variability of fungal effect. Effectiveness of fungal inoculation to reduce the risks due to metal pollu-
tion will be discussed within the context of soil remediation. One fungal species was interesting for phytoextraction by increasing the quan-
tity of Cd transferred to the aerial parts. The intensity of this mycorrhizal effect differed according to the soil and was more efficient on poly-
metallic polluted soils. However, different fungal species did not had the same rate of root colonization and their effects on Cd transfer were
not always significant.
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Toxicity of chelants used in metal phytoextraction
West Helen, Maxted Andrew , Dickinson Matthew, Crout Neil, Black Colin, Young Scott

University of Nottingham School of Biosciences University of Nottingham, Biology Building, Univer NG7 2RD Nottingham United Kingdom

Phytoextraction is increasingly appealing as a cost-effective means of removing heavy metals from contaminated soil, particularly the use of
high biomass crops in conjunction with chelating agents. The current study examined the impact of two commonly used chelants on the rhi-
zosphere/soil micro-flora and -fauna associated with Zea mays. Pot and field experiments were conducted during which soil was treated with
a single application of ethylene diamine tetraacetic acid (EDTA) + HCl, S,S-ethylene diamine disuccinic acid (EDDS) + HCl, hydrochloric acid
(HCl) or water (control). Treatments were applied 5 or 7 weeks (pot or field experiment respectively) after crop establishment and soil sam-
ples were taken 6, 20 and 40 days post-treatment. Two soils from a sewage processing farm were used to represent high (‘H’) and mode-
rate (‘M’) levels of metal enrichment. Hierarchical cluster analyses of terminal restriction fragment length polymorphism (TRFLP) data (pre-
sence of lengths of 23S rRNA TRFs) were used to determine the species richness and relatedness of the bacterial and fungal communities.
Cluster analysis of bacterial TRFs from the ‘M’ soil separated EDTA profiles from the other treatments and several bacterial peaks unique to
the EDTA-treated communities were observed. Bacterial communities isolated from the ‘M’ soil subjected to EDTA treatment were metabo-
lically more active (measured by Biolog GN2) than those from other treatments. This is possibly related to the observed shift in bacterial
TRFLP pattern, or may be a stress response to EDTA. Chelate applications had no effect on bacterial metabolic potential in the ‘H’ soil, and
TRFLP profiles were less obviously affected by chemical treatment. The response of the microbial community to chelant application was
dependent on species present and soil characteristics. However, chelate treatments adversely affected invertebrate diversity relative to the
control irrespective of soil characteristics, although numbers were generally low. The most damaging treatment was EDTA, since diversity
showed no signs of recovery 40 days after treatment. Nematodes were particularly affected by EDTA treatment, with no recovery after 40
days.

P-760



Effect of treated agrowaste residue on microbial activity and community composition in the rhizosphere of
Trifolium plants inoculated with autochtonous inocula (AM fungus and/or bacteria) in heavy metal contamina-
ted soil
Azcon Rosario1, Vivas Coromoto Astrid2, Medina Peñafiel Almudena2, Roldan Antonio3, Azcon Gonzalez de Aguilar Rosario2
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2 Estación Experimental del Zaidín
3 Centro de Edafología y Biología Aplicada

Plant growth on heavy metals contaminated soils is restricted but mycorrhizal colonization by autochthonous arbuscular –mycorrhizal (AM)
fungi or rhizosphere bacteria increased root development by 76% (AM fungus) and by 32% (bacterium) compared to inoculated plants. A.
niger treated agrowaste (SB) highly increased root biomass. The inoculation with AM fungus in SB amended soil enhanced 528% root growth
and matched the growth of plants fertilized with phosphate. Heavy metal decreased microbial activity and community in soils. DGGE analy-
sis demonstrated that there were metal-adapted microorganisms mainly in the rhizosphere of microbial inoculated plants added of compos-
ted product. Microbial communities inability in rhizosphere of polluted soils is relatively unexplored. AM colonization in SB amended soil affec-
ted similarly, plant growth and rhizosphere community than phosphate fertilizer did. Nevertheless, differences in microbial diversity found bet-
ween these two treatments indicate that phosphate fertilizer depressed this value which suggests that exudates from AM plants and AM
mycelium save as carbon sauce for more microbial groups than exudates from phosphate applied plants. 

Rhizosphere microbes may play a great influence in nutrient cycling in soil amended with organic materials and their activity can alleviate
metal toxicity being an alternate way into remediation practices.

Microbial community and diversity is difficult to elucidate but combining different approaches a better insight can be obtained into rhizosphere
environment. 

Results show that PCR-DGGE analysis were sensitive to the biological treatments applied. The microbes used as inoculants show plant
growth promoting activity and can be used for phytoremediation beside have potential for improving rhizosphere community and in a highest
extent biodiversity. The understanding of such rhizosphere ecological aspects is important for the management of contaminated soils but
requires further study.
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Novel finding on methane-decomposer hygrophyte with rhizosphere Fenton reaction
Wagatsuma Tadao1, Otani Takashi2, Seike Nobuyasu2, IShikawa Satoru2, Mori Satoshi3, Tawaraya Keitarou1, Iino Yu-ichirou1, Satou Tsuyoshi1, Tanaka
Kadzuhiro1, Itou Taichi1, Wada Shuuko1, Takahashi Hiroshi1, Hatakeyama Tomoyuki1, Edzura Tomohiro1
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In spite of a number of trials to decrease global CH4, there are little beneficial related informations until now. We found for the first time a
special hygrophyte with novel mechanism for CH4 decomposition capability by rhizosphere Fenton reaction under reduced environment. 

The following experiments to know the relative capabilities were carried out: (1) rhizosphere Eh ascending capability, (2) decreasing capa-
bility of soil atmospheric CH4, (3) CH4 emission capability from plant shoots, (4) oxygen transport capability from shoot to rhizosphere, (5)
root oxidation capability, and (6) production or oxidation capability of CH4 in rhizosphere soils. In vitro CH4 decomposition experiment was
carried out using each solution composed of 1 mM Ca2+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu+, Cu2+, Zn2+, Ag+ or La3+ after addition of H2O2. CH4
decomposition capability of intact plants with or without 1 mM Fe2+ or above each metal ion previously cultured in complete nutrient solution.
This experiment was also carried out with or without benzoate or mannitol. Collection and determination of H2O2 in root-tip (2 cm) apoplas-
tic fluid. 

Decreasing capability of soil atmospheric CH4 was greatest in reed and erect bur marigold. Although CH4 emission capability from plant
shoots was considered as the primary mechanism for reed, the primary mechanism was ascribed to root oxidation capability for erect bur
marigold. In in vitro experiment, CH4 was decomposed only in the solution composed of Fe2+ and H2O2. Erect bur marigold only could decom-
pose CH4 in the presence of Fe2+. This capability was negated by the addition of benzoate or mannitol which is the specific scavenger for
hydroxyl radical (–OH). H2O2 concentration in root-tip apoplast of erect bur marigold was exceptionally high (more than 1 mM). Here, we
report for the first time CH4-decomposer hygrophyte, erect bur marigold, with rhizosphere Fenton reaction. After the reaction of high concen-
tration of apoplastic H2O2 and Fe2+ which is produced in rhizosphere soil under reduced conditions, –OH with extraordinary high oxidative
power can be formed by Fenton reaction. As –OH can basically decompose a wide range of organic substances, the related genes will fur-
ther be useful for remediation of harmful substances in future.
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The effect of bacterial interactions with roots on plant trace element uptake
Marchetti Monica1, Nodari Matteo1, Robinson Brett1, Bernier-Latmani Rizlan2, Buttler Alexandre2, Schwitzguebel Jean-Paul2, Schulin Rainer1
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Plant root exudates and root detritus stimulate bacterial growth in the rhizosphere. Some of these rhizobacteria protect plants from metal
toxicity and increase their biomass production; they can also change root physiology and / or affect the solubility and speciation of trace ele-
ments in the soil. Here, we investigate the two latter mechanisms. 

Two types of direct interactions may occur in the root-bacteria system. On one hand, pathogenic bacteria may infect the roots, disrupting the
Casparian strip in the root’s endodermis, and thus allowing the direct passage of trace elements into the root xylem whereupon they are
transported to the shoots. On the other hand, bacteria can interact directly with roots by producing exudates that mimic plant hormones, thus
changing root architecture and their permeability to trace elements. Indirect interactions between roots and bacteria include bacterial sorp-
tion of trace elements, and production of organic acids. These processes will affect the amount of trace elements that plants translocate to
their aerial portions. Such interactions are significant because the plant uptake of essential trace elements affects the growth and nutritive
value of the plant. The plant uptake of non-essential and toxic trace elements can facilitate their entry into the food chain and present a
human health risk. Conversely, an enhanced uptake of biologically essential elements may improve plants growth on deficient land, as well
as human and animal health. We describe the development and use of an agar system to investigate the effect of root pathogens on plant
trace element uptake, as well as the effect of bacterial exudates on trace element phytoavailability. We chose agar as a growth substrate
because it is homogeneous and can be easily sterilised, allowing inoculation with specific bacteria. Plants were grown in specially designed
sterile boxes on agar spiked with different concentrations of various trace elements, in order to assess their tolerance and uptake of trace
elements in a homogeneous medium. Bacteria were inoculated and any pathogenic effects were observed using light microscopy. The effect
of bacterial exudates on trace element phytoavailability was assessed by measuring trace element concentrations in the aerial tissues. The
agar-plant-bacterial system described here allows the rapid assessment of plant trace element uptake using various species – trace element
combinations.
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Identification and quantification of specific saprophytic fungal exudates in response to Pb, Cd, and As stress
Arvidsson Zandra1, Johansson Emma3, van Hees Patrick3, von Kronhelm Thomas2
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Lead (Pb), cadmium (Cd), and arsenic (As) are three very commonly occurring metals found at contamination sites. One promising techni-
que to remediate metals is to use fungi and/or their exudates. Heterotrophic, saprophytic fungi are known to interact with different forms of
heavy metals and this can lead to both mobilisation and immobilisation of the metal. When the fungi are stressed by the presence of heavy
metals, different forms of organic chelators can be produced. These substances can be used to bind the metals within the organism, or to
act as an externally protection. 

Three isolated saprophytic fungi (Penicillium bilaii, Aspergillus niger, and one unidentified strain defined as nr 20) were used in the experi-
ments. The biomass was produced in a nutrient media that provided the fungi with high amounts of carbon (glucose 20 mg/L). After 7 days
the fungi were divided into different treatments; ± glucose, ± Pb, Cd, or As. The fungi were subjected to concentrations of 25 µmol Pb2+ and
Cd2+, or 12.5 µmol AsO4

3-. In another treatment the fungi were in a similar way exposed to three different soils, of anthropogenic origin, which
contained the metals of interest.

The result strongly implies that the fungi have different responses to different metals and that they change exudate production depending on
whether they have an available carbon source or not. The experiments with Pb2+ together with P. bilaii show e.g. that treatment without a car-
bon source promotes rapid exudation of oxalic acid, whilst an available carbon source seems to promote citric acid exudation instead. When
there is no available carbon combined with Pb stress, only oxalic acid is exuded. 

The soil experiments show the importance of aerobic conditions. During anaerobic conditions, e.g. citric acid exudation changes mainly to
butyric acid exudation. Compared to citric acid, butyric acid is not a good chelating agent, why bioremediation during anaerobic conditions
is unfavourable.
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The potential of Anthyllis vulneraria and rhizospheric bacteria in bioremediation of mining soils
El Aafi Najla1, Saidi Nadia2, Filali Maltouf Abdel Karim1, Pajuelo Eloisa3, Dary Mohamed3, Palomares Diaz Antonio3, Brhada Fatiha1

1 Laboratory of Microbiology and Molecular Biology- University Mohamed V- Agdal- Faculty of Sciences - Rabat - Morocco 
2 Laboratory of Dynamic and Applied Geology - University Ibn Tofail - Faculty of Sciences - Kenitra- Morocco 
3 Department of Microbiology - Faculty of Pharmacy - University of Sevilla - Spain

Extensive heavy metal mining and smelting activities occurred in the seventies in the Atlas region of Morocco. Extraction activity stopped
since thirty years but no rehabilitation action has been done. The remaining materials are severely contaminated with Cd, Cu, Pb and Zn
and are prone to erosion and leaching. 

To prevent the contamination of the neighbouring areas, a phytoremediation trial was conducted using Anthyllis vulneraria, a legume plant
well known to occur on zinc-lead mine wastes in Europe. Results obtained suggest that metallicolous population of Anthyllis tolerate high
level of Cd, Cu, Pb and Zn and could be a candidate for phytoremediation.

Furthermore, Anthyllis plants cultivated on those soils are nodulated. So, nitrogen fixation may help the plants colonization process of these
contaminated areas by the enrichment and stabilization of soils. For this purpose, we have collected 62 isolates of rhizospheric bacteria.
Molecular characterisation (ARDRA) showed a large diversity but most of the strains have high resistance to heavy metals. 

Use of both plants and bacteria can be proposed for a beneficial bioremediation of heavy metal contaminated soils.

P-627



The effect of indigenous ectomycorrhizal communities on Zn uptake by Populus tremula
Langer Ingrid, Santner Jakob, Wenzel Walter W., Schweiger Peter

University of Natural Resources and Applied Life Science, Department of Forest and Soil Sciences, Peter Jordan Straße 82 A-1190 Vienna, Austria

Phytoextraction is based on the use of metal tolerant plants able to accumulate large amounts of these toxic elements in their shoots to clean
up heavy metal polluted sites. Plant metal uptake is affected by ectomycorrhizal fungi, that may influence heavy metal mobilization in soil,
support plant growth and metal uptake. Detailed investigations of the ectomycorrhizal (EM) community associated with P. tremula growing
near a former Pb/Zn smelter in southern Austria revealed differences in EM diversity and species abundance between mineral and organic
soil layers.

A pot experiment was set up to determine the impact of these different EM communities on Zn uptake by the indigenous P. tremula, which
shows a high Zn accumulation potential. Seedlings were grown in substrate mixtures of either the mineral soil or the organic layer. Substrate
mixtures contained either viable propagules of native mycorrhizal fungi or were gamma-irradiated for control treatments. The mineral soil
mixture was spiked with Zn, and the organic substrate mixture was watered with a nutrient solution containing elevated ZnSO4 resulting in
five Zn levels in each substrate mixture.

At harvest, 13 weeks after planting, plant biomass was determined and analysed for Zn. Significant substrate and treatment effects were
observed, which are discussed regarding the potential EM role in metal uptake by a Zn-accumulating plant. 

Acknowledgement: We acknowledge the FWF Austrian Science Fund (P 17012-B06).
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Microbial potential for biodegradation of polyaromatic hydrocarbons in woody plant root-associated soil
Sipilä Timo1, Keskinen Anna-Kaisa2, Åkerman Marja-Leena2, Fortelius Carola2, Yrjälä Kim1

1 University of Helsinki Department of Biological and Environmental Science P.O. BOX 56 FIN-00014 University Helsinki Finland
2 EVTEK University of Applied Science, Leiritie 1, 01 600 Vantaa, Finland

Plant root-associated microbes have a central function in phytoremediation of hydrocarbon contaminants but knowledge from their bioreme-
diation potential is lacking. Microbial degradation pathways play a key role in detoxification and mineralization of (PAHs) that are widespread
pollutants in soil and constituents of petroleum hydrocarbons. Fingerprinting of functional genes for key enzymes in catabolic pathways offers
a powerful tool to assess bioremediation potential in the environment. We studied the bioremediation potential of silver birch (Betula pen-
dula) and hybrid aspen (Populus tremula x Populus tremuloides) in phytoremediation of PAH mixture. Fingerprinting method with broad spe-
cificity primers was developed for assessing aromatic ring-cleaving dioxygenase diversity in root-associated soil. A diverse set of amplified
catabolic marker genes from pristine and polluted soils grouped in several operational taxonomic units. Silver birch and hybrid aspen root-
associated soil had higher catabolic pathway diversity than bulk soil. In birch root associated soil PAH addition had no effect on the diversity,
but in aspen root-associated soil the amended PAHs lowered the extradiol dioxygenase diversity. Addition of PAH mixture also changed the
bulk soil bacterial community structure demonstrating active degraders in remediation. The chemical analysis showed PAH-degradation
during the three-month phytoremediation experiment. Degradation of PAHs was evident in microcosm with and without plant, but differen-
ces in degradation rates of individual PAHs were detected. The phylogenetic analysis of retrieved catabolic marker genes displayed several
novel clusters of ring-cleavage dioxygenases, which indicates that several uncharacterized degradation pathways exist in soils.
Comprehension of these pathways can lead to development of enhanced phytoremediation in polluted soils.

P-639

Arsenic transformation by Azospirillum brasilense Sp245 in association with wheat (Triticum aestivum L.) roots
Lyubun Yelena1, Fritzsche Andreas2, Chernyshova Marina3, Dudel Gert4, Fedorov Evgenii3

1 Institute of Biochemistry and Physiology of Plants 13 Prospekt Entuziastov 410049 Saratov Russia
2 Lehrstuhl fur Bodenkunde, Department fur Okologie, Wissenschaftszentrum Weihenstephan, Technische Universitat Munchen
3 Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences
4 Institut fur Allgemeine Okologie und Umweltschutz, Technische Universitat Dresden

The transformation of sodium arsenite and sodium arsenate by the rhizospheric nitrogen-fixing bacterium Azospirillum brasilense Sp245 in
association with wheat (Triticum aestivum L. ‘Saratovskaya 29’) was studied. The effect produced by the A. brasilense strain on the morpho-
logical parameters of wheat in an As-polluted environment was examined. The plants were cultivated in a hydroponic system, with glass
beads serving as a support for root growth. The plant-growth medium (an artificial soil solution) was deficient in P and Fe. The total initial As
concentrations used were 75, 750, and 7500 µg l–1. The As compounds used contained sodium arsenate and sodium arsenite at an
As(V):As(III) ratio of 1:3.6 (in terms of As) in all experiments. Inoculation of A. brasilense Sp245 led to a decrease in the overall root length
and to the formation of lateral roots; both effects are possibly related to the bacteria’s ability to synthesize auxins. Inoculation also changed
the As(V): As(III) ratio of the plant-growth medium. In all experiments, the concentration of As(V) in the nutrient medium increased relative to
the initial one and was approximately 1.5-fold higher than that in the medium of uninoculated plants. This value slightly decreased (1.6 > 1.5
> 1.4) with increasing concentration of As in the medium. Azospirillum-inoculated plants accumulated less As than did the surface-sterilized
uninoculated plants. This study shows that A. brasilense Sp245 in association with wheat changes the speciation, bioavailability, and plant
uptake of As.
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Chromium and nickel uptake by plants from serpentinic ecosystems (Limousin): a rhizospheric approach
Ségard Catherine, Néel Catherine, Basly Jean-Philippe, Botineau Michel, Bril Hubert, Emmanuel Joussein

GRESE " Groupement de Recherche Eau Sol Environnement 123, av. Albert Thomas 87060 Limoges, France

Serpentinized rocks are distributed all over Europe, e.g. France, Italy, Poland, Portugal, and represent about 5% of the global geologic subs-
trates of the world. Serpentine soils are characterized by high concentrations of magnesium, silica, iron, and various heavy metals (e.g.,
nickel, chromium, cobalt), and extreme deficiencies in nutritive elements including calcium, nitrogen, phosphorus, and potassium. Plant spe-
cies found on serpentine soils can be divided into two groups: (i) serpentine-tolerant or serpentine facultative plants, which are able to sur-
vive on serpentine but grow better elsewhere; (ii) serpentinicolous, serpentine-endemic or serpentine-obligate plants, which would grow
exclusively on serpentine soils and are not found on other substrates. The goal of this work was to examine metallic elements soil-to-plant
transfer and accumulation in four plants (Armeria arenaria, Pteridium aquilinium, Molinia caerulea, Erica cineria) growing on the serpentine
soils of La Lande Saint Laurent (Limousin).

The major properties of soil profile were determined on bulk samples (pH, CEC, density, carbon content…) as well as majors and trace ele-
ments chemical analysis performed by ICP-AES and ICP-MS. The bulk and rhizospheric (soil adhering to the roots) soils were separated
and characterized by X-ray diffraction (XRD), electron microprobe analyses (EMPA) and electronic microscopy (SEM- and TEM-EDX).
Moreover, undisturbed soil samples with Armeria arenaria roots were impregnated, and thin sections realized. The elemental distribution
maps from SEM-EDX were realized in a way to attempt a rough classification of type and abundance of the minerals present, and to unders-
tand elemental flux.

The different parts of the plants (roots and shoots) were separated, digested in an automatic microwave digestion system and metal contents
were determined by AAS.

Briefly, the mineralogy of soil is dominated by serpentine, magnesium chlorite and vermiculite, Fe-rich smectite and Fe- or Cr-oxides like goe-
thite or chromite. Metallic elements are preferentially located in oxides (up to 8000 mg.kg-1 Ni) and clays (up to 5000 mg.kg-1 Ni). Preliminary
analysis of the plant tissues revealed that Armeria Arenaria can accumulate a large amount of nickel. The significance of serpentinitic flora
could be seen as a natural site to better understand metallic elements soil-to-plant transfer and in situ remediation of metalliferous substrates.

P-855

Role of mycorrhiza in Ni-hyperaccumulating plant Berkheya coddii Roessler
Orlowska Elzbieta1, Orlowski Dariusz1, Mesjasz-Przybylowicz Jolanta1, Przybylowicz Wojciech1, Turnau Katarzyna2

1 iThemba LABS Materials Research Group PO Box 722 7129 Somerset West South Africa
2 Department of Ecological Microbiology, Jagiellonian University, 30-387 Kraków, Poland

Since many years there has been growing interest in plants that hyperaccumulate heavy metals due to their unique physiology and poten-
tial use in phytoremediation. Hyperaccumulating plants, on the other hand, have been widely assumed to be non-mycorrhizal, therefore the
use of mycorrhiza in phytoextraction of metals has been neglected. Recently, the presence of mycorrhizal symbiosis has been demonstra-
ted in Berkheya coddii, an endemic, Ni hyperaccumulating plant, growing on ultramafic soils in South Africa, which is an excellent model for
phytoextraction and phytomining. Besides an enhanced supply of essential nutrients to plants from the soil mycorrhizal colonization can also
affect heavy metal transfer from the soil to the plants. The aim of the present study was to assess the role of mycorrhiza in growth and ele-
mental uptake by B. coddii. 

The plants were cultivated under laboratory conditions on different types of soil and were inoculated with mycorrhizal fungi isolated from the
ultramafic soils, non-polluted areas or left non-inoculated (non-mycorrhizal control). All inoculated plants were colonized by mycorrhizal fungi
but the percent of colonization and vitality of fungal structures depended on fungal strains and the substratum used. The mycorrhizal colo-
nization strongly influenced the survival of plants and their growth, especially in the soils with higher toxicity. All inoculated plants had seve-
ral times higher shoot and root biomass in comparison with the non-mycorrhizal ones.

Mycorrhizal colonization considerably increased P and K concentration in leaves. Ni concentration in leaves was not significantly influenced
by mycorrhizal colonization, but considerably increase in Ni uptake per plant was observed. The extractable content of elements in soil also
depended on the presence of mycorrhiza. The concentration and distribution of elements in B. coddii roots and fungal hyphae, investigated
with micro PIXE, showed that the uptake of elements and their distribution was strongly dependent on the presence of mycorrhiza and also
different fungal strains. The results obtained in this study indicate the necessity of including mycorrhizal research in phytoextraction projects
and application of mycorrhiza in phytoremediation.
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Retention mechanism of Cu from wastewaters by vegetated peat
Matynia Anthony1, Manceau Alain1, Spadini Lorenzo1, Jacquet Thierry2

1 Environnemental Geochimistry Group LGIT University J. Fourier and CNRS BP 53 38041 Grenoble cedex 9 France
2 Phystorestore-Site et Concept, Hôtel Vigée Le Brun, 8 rue du Sentier, 75002 Paris, France

The high retention capacity of peat can be used to purify wastewaters before their release into the environment. Industrially, this capacity is
used in a process called “Jardin Filtrant”, developed by the Phytorestore company. In this process, wastewaters are filtered through pots, fil-
led with black and brown peat and vegetated with wetland plants, such as Phragmites australis (P.a.) and Iris viminalis (I.v.). To estimate the
durability and improve the efficiency of this process, the retention capacity of the vegetated pots and the binding mechanism involved on
peat and at the peat-root interface must be known. 

The retention capacity of Cu on black and brown peat was measured by titration and sorption isotherm experiments, and the nature of the
Cu-peat complexes determined by EXAFS spectroscopy on laboratory-derived surrogates. The binding mechanism of Cu in the rhizosphe-
res of P.a. and I.v. was investigated by setting in the ground a 6 m3 pot configured with basal drains to evacuate percolating waters and pro-
mote aerobic conditions. The pot was supplied with Cu-containing lixiviates from a contaminated soil for three years before sampling the
peat-root interface. The Cu species from the pilot site were characterized by X-ray micro-fluorescence (micro-XRF), micro-diffraction (micro-
XRD), and micro and powder EXAFS spectroscopy.

At pH 4.5, the brown peat has a higher affinity for Cu than the black peat. This is in contrast with titration experiments, which showed that
the two peats have the same amount of carboxylic groups (40.5 mg/g). This ambiguity can be clarified by considering that these functional
groups are not all equivalent, and that the brown peat has more phthalate or salicylate groups, which are known to form strong complexes
with Cu2+. The EXAFS spectra for samples from the sorption isotherms at Cu concentrations between 0.2 mg/g and 4 mg/g are invariant and
similar to the spectra from the two rhizospheres. This result indicates that the Cu-organic matter complex formed during sorption experiments
is present and dominant in the vegetated peat pot. Data modeling showed that Cu is bound to O/N atoms at all concentrations, and exclu-
ded its complexation to S ligands. Thus, the rhizosphere activity does not prevent the formation of this complex, but micro-EXAFS spectros-
copy and micro-XRD of the soil-root interface revealed the presence of minor α-brass (Zn-Cu alloy) and pure copper particles.

P-868

Reduction of salt stress in chili plantlets by the synergic action of Azospirillum lipoferum and humic acids.
Bacilio Macario, Bashan Yoav

Biological Research Center Microbiología Ambiental Mar Bermejo 195. Col. Playa Palo de Sta. Rita 23090 La Paz Baja California Sur Mexico

Salinization of soil is one of the common consequences of intensive agriculture. High concentrations of salt inhibit growth of many plants.
Compost and humic acids may even be more effective than gypsum, which is currently the standard amendment used to reclaim alkaline
soils and reduce the effect of salt on seed germination and growth. Inoculation with A. brasilense is also known to significantly reverse part
of the negative effects.

Simultaneous use of microorganisms and humic acid to alleviate saline stress represents another interesting possibility. Our purpose was to
evaluate the degree of mitigation of salt stress in chili Capsicum annuum from using humic acid and A. lipoferum as a soil amendment. Seeds
were placed in Petri dishes, germinated, and cultivated under 0, 25, 50, and 75 mM NaCl for 24 days in an environmental chamber. The
treatments included: (1) humic acid at a concentration of 1000 ppm; (2) A. lipoferum at a concentration of 106 UFC mL-1; and (3) humic acid
and A. lipoferum at the same concentrations. Mitigation was determined by measuring the diameter and hight of the hypocotyl and length of
the primary root after 24 days. The results showed that the combination of humic and the bacteria (treatment 3) induced larger growth of the
hypocotyl than treatments 1 or 2 at concentrations of 0, 25, and 50 mM NaCl. However, at 75 mM NaCl, humic acid (treatment 1) induced
better growth (almost 30% higher). For the hypocotyl diameter parameter, there was a direct correlation with concentration. These results
were very evident with the humic acid treatment and the combination of humic acid with A. lipoferum. The primary root was longer at 75 mM
NaCl with the humic acid treatment (20% more than the control and 30–60% more than A. lipoferum alone or the A. lipoferum-humic acid
mix). The presence of the bacterial with humic acid, in a general way, induced a better response in the primary root length at concentrations
<75 mM NaCl. Only at 75 mM NaCl was the positive effect not observed. These results suggest that a synergic effect between humic acid
and A. lipoferum exists for mitigating saline stress in chili plants.
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Arsenic uptake by arbuscular mycorrhizal lettuce colonized by Glomus intraradices in As contaminated soil
Pigna Massimo, Cozzolino Vincenza, De Santis Roberto, Di Meo Vincenzo, Violante Antonio

Università degli Studi di Napoli Federico II DiSSPAPA Via Università 100 80055 Portici (Naples) Italy

Arsenic is phytotoxic and hazardous to human health and is an environmental concern. Anthropogenic and natural sources may lead to
contamination of both agricultural soils and surface waters in areas where mining and smelting are present. Millions of people are suffering
from the toxic effects of As in many countries all over the world due to natural ground water contamination, but also to the consumption of
agricultural products grown on As contaminated sites. Understanding the dynamics of As in the plant-soil system is indispensable for deve-
lopment of tools that alleviate As toxicity in crop plants. Inorganic As species are usually phytotoxic. Soil microbial communities influence As
availability by affecting the relative proportions of different chemical forms of As.

Arbuscular mycorrhizal fungi (AMF) can influence As availability and plant uptake. Studies on the effects of AMF inoculation and As uptake
by plants from natural polluted soil are scant, since most of the investigations were conducted using soils artificially enriched in As. In As-spi-
ked soil, As is mainly associated with the labile exchangeable fractions while in natural contaminated soil, As is chiefly present in more sta-
ble and less soluble forms. 

Aim of this work is to describe the role of AMF on As uptake in lettuce plants growing in an As polluted Italian soil (Scarlino, Tuscany). In par-
ticularly, we are studying the effectiveness of native AMF or inoculation with a commercial inoculum colonized by Glomus intraradices i) on
the growth and uptake of As by lettuce and ii) the influence on the different forms of As (speciation) and P availability in rhizosphere and bulk
soil . 

The soil under investigations was a clay loam, alkaline (pH 8.10), containing 51 mg kg-1 total CaCO3, 7.5 mg kg-1 P Olsen and 234 mg kg-1

total As. Results of As sequential extraction have shown that As was in the most recovered in the crystalline and amorphous oxides (51 and
34% respectively), 4% in the residual, whereas only 11% was present in more available fractions. Greenhouse pot experiments (six replica-
tes each) were established in a randomized block design. All pots (7 kg) received N (as NH4NO3), while a half of pots received P (KH2PO4)
and another half not received P fertilizer. At harvest, soil (rhizosphere and bulk soil) and plant (root and leaf) samples will be collected and
analysed to ascertain correlation between As in plant samples and As present in the different soil fractions.

P-682

Mineralization of diuron [3-(3,4-dichlorophenyl)-1, 1-dimethylurea] by co-immobilized Arthrobacter sp. and
Delftia acidovorans
Bazot Stéphane, Bois Paul, Lebeau Thierry

Université de Haute Alsace Equipe Dépollution Biologique des Sols, 33 rue de Herrlisheim 68000 Colmar, France

Pesticide fate in the environment is strongly affected by microbial activity and pesticides are more or less completely degraded by microor-
ganisms. When the microorganisms can colonize the rhizosphere, microbial biomass and activity is most of the time enhanced. In this way
rhizodegradation appears to be relevant.

Diuron is a widely used herbicide with 3,4-Dichloroaniline (3,4-DCA) as its main metabolite. Previous studies showed that various microor-
ganisms were able to degrade diuron to 3,4-DCA, and others strains were reported to mineralize 3,4-DCA without showing the capability of
degrading diuron to 3,4-DCA.

For the first time, we tested a consortium of two bacteria (Arthrobacter sp. and Delftia acidovorans), able to mineralize diuron (20mg l-1).
Arthrobacter sp. able to degrade diuron to 3,4-DCA, and D. acidovorans, chosen to mineralize 3,4-DCA, were co-cultivated as free or immo-
bilized cells. Both strains have already been isolated from rhizosphere. In experiments with immobilized cells, Ca-alginate beads were used
to immobilize either Arthrobacter sp. or D. acidovorans or to co-immobilize both strains. 

The free cell mineralization of diuron by Arthrobacter sp. and D. acidovorans was low (0.07 mg l-1h-1). Although co-culture of these two bac-
teria allowed diuron mineralization, optimal conditions were not reached. Therefore, cell immobilization was tested. In co-culture with both
immobilized cells, diuron was mineralized at a higher rate (0.17 mg diuron l-1h-1) than that recorded with the free cell co-culture and both diu-
ron and 3,4-DCA were mineralized. Because of the mass transfer limitations in beads during incubation, various micro-environments most
probably appeared. These micro-environments allowed optimal expression of both bacteria thanks to a better level of oxygen, substrates,
etc. D. acidovorans engineered with the gfp marker (green fluorescent protein) allowed us to visualize the cell distribution of the two strains
in the Ca-alginate beads.

P-489

Nonlinear spatial gradient of pentachlorophenol degradation in the rhizosphere of Lolium perenne L.
Xu Jianming, He Yan, Wu Yuping

Zhejiang University Institute of Soil and Water Resources and Environm 268 Kaixuan Road 310029 Hangzhou Zhejiang Peoples Republic of China

To understand plant-microbe interactions in rhizo-remediation of xenobiotics, we conducted a glasshouse study using specially designed
laminar rhizoboxes from which the soil in the near (1, 2, 3, 4, 5 mm) and far (>5 mm) rhizosphere from the root surface of ryegrass (Lolium
perenne L.) was measured for pentachlorophenol (PCP) degradation. Two red soils with contrasting physic-chemical characteristics were
used; each received two PCP added rates, giving a spiked concentration of 8.7, 18 mg PCP kg-1 soil and 20, 50 mg PCP kg-1 soil, respecti-
vely. Degradation of PCP in the planted rhizoboxes exhibited a nonlinear dependence on the distance to root surfaces, with the most rapid
PCP degradation found in the 2 or 3 mm near-rhizosphere layers, followed by 1, 4, 5 mm. Soil microbial biomass carbon decreased linearly
with increasing distance from the roots. The microbial community structures as indicated by PLFA profiles showed distance-dependent selec-
tive enrichment of competent species that may be responsible for efficient PCP degradation. The results suggest that root exudates induced
modifications of microbial communities in the PCP contaminated rhizosphere and spatially modified the dominant species within these com-
munities, resulting in the nonlinear PCP degradation pattern. This study took a further step toward describing spatial effects of rhizosphere
on xenobiotics degradation by demonstrating the interactions between the plant and soil microbes at the millimeter scale. Given that two dif-
ferent soil types and four different PCP treatment rates were used in the study, our observations so far have confirmed that the effect of root
proximity on the degradation of xenobiotics such as PCP in soil may not follow a simple linear relationship.

Acknowledgments: This work was jointly supported by the National Nature Science Foundation of China (40671092), and the National Nature
Science Foundation for Distinguished Young Scholars of China (40425007).
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Study on bioremediation and treatment of PAH-contaminated soil and their planning
Ambade Balram, Dhundhel Rakesh Singh

PT. RSU ,RAIPUR INDIA School of Studies in Chemistry School of Studies in Chemistry PR RSU, Raipur 492010 Raipur Chhattisgarh India

In the present study the complex and diverse structural configurations of polycyclic aromatic hydrocarbons (PAHs), combined with their low
bioavailability, hydrophobic nature, strong sorption phenomena, and high persistence in soil makes the design of effective bioremediation
methodologies a challenge. The multi-phasic nature of the bioremediation process, restricted mass transfer and non-availability of degrading
soil microflora further compound the problem. In this direction, this communication presents a focused review of bioremediation technologies
used recently for the treatment of PAH-contaminated soils. The specific roles of important factors affecting bioremediation process efficiency
are discussed. Finally some of the recently used strategies to enhance bioremediation process efficiency, including bioaugmentation, biosti-
mulation, rhizoremediation, are described.

P-1007

Australian native grasses for rhizoremediation of aliphatic hydrocarbon contaminated soil
Gaskin Sharyn, Soole Kathleen, Bentham Richard

Flinders University of South Australia Environmental Health GPO Box 2100 5001 Adelaide South Australia, Australia

The breakdown of contaminants in soil resulting from microbial activity that is enhanced in the presence of the plant root zone (rhizosphere)
has been termed rhizoremediation. Australian native plants have not been assessed for their rhizoremediation potential. The objective of the
current study was to identify Australian native grass species that may be suitable candidates for rhizoremediation application. 

Grass species were selected on the basis of previously established essential and desirable growth criteria. The selected species were then
evaluated for seedling emergence and growth in laboratory and greenhouse studies, to determine which species were best suited as candi-
dates for rhizoremediation of aliphatic hydrocarbon contaminated soil. Seed of nine perennial Australian native grass species were sown in
soil sourced from a mine site which was artificially contaminated with a 60:40 diesel/oil mix at concentrations of 1%, 0.5% and 0% (control).
Hydrocarbon-utilising organisms were also monitored in the rhizosphere soil using a most probable number method for enumeration.

Seedling emergence was not adversely affected by the presence of hydrocarbon contamination, for all but one grass species. Three promi-
sing species (Brachiaria decumbens, Cymbopogon ambiguus and Microlaena stipoides) were assessed for growth characterisation in conta-
minated and uncontaminated soils. The evaluated species survived for 120 days in the contaminated soil, and in some instances produced
considerably more root biomass in the presence of contamination. C. ambiguus showed growth stimulation in the presence of contamination
(1% and 0.5%) with significantly increased root biomass production compared with control (p=0.0001). B. decumbens and M. stipoides sho-
wed tolerance to the presence of diesel/oil contamination at the exposed concentrations, with growth not adversely affected in the presence
of contamination. In the planted system, the presence of hydrocarbon significantly increased the number of organisms in the rhizosphere soil
of M. stipoides (p=0.045), compared with the uncontaminated rhizosphere soil. 

This investigation has identified three Australian native grass species that are suitable candidates for further investigation for their rhizore-
mediation potential. Current work is underway to assess the hydrocarbon degradation ability in planted and unplanted systems using the
candidate species.

P-962

Polyfunctional phosphorus mobilizing rhizobacteria for soil bioremediation
Djumaniyzova Gulnara1, Narbaeva Khurshida1, Zakiryaeva Saida1, Kim Andrey2, Djuraeva Gulnara2, Yadgarov Khodjaakbar3

1 Institute of microbiology ASRUz Soil microbiology 7B A.Kodiri, Institute of microbiology ASRUz 700128 Tashkent Uzbekistan
2 Institute of Nuclear physics ASRUz
5 Institute of genetic and experimental biology of plants ASRUz

The modern condition of a problem of agriculture including over phosphatization, soil salinity, low humus content, aggravation of ecology
because of pollution with pesticides requires searching and selecting effective polyfunctional and competitive microbe association to purify
environment from ecotoxic and simultaneously recover soil fertility. Rhizospheric degradation is one of the mechanisms of phytoremediation
and means degradation of pollutant in root zone of plant under the pressure its root secretions and rhizospheric microorganisms. The
microorganisms in their turn, fulfill the role: immediate degradation of pollutant, intensification of catabolic activity in rhizosphere, lowering
phytotoxic of pollutant, stimulating growth of plant by production of phytohormones.

We isolated and researched the bacteria from the rhizosphere of cotton and winter wheat, possessing polyfunctional qualities such as growth
stimulation and root formation ability, dissolving inaccessible organic and mineral phosphates, enduring high concentration of chloride of
sodium (NaCl) of nutritional environment 7-10%, destroying stable chlororganic combination – PCB.

It was defined that quantity of mobile phosphorus in rhizosphere of experimented plants on bacterization of seeds by activity strains of poly-
functional phosphor mobilizing rhizobacteria increased up to 90-160 mg/kg of soil (22 mg/kg in initial soil), seed-growth ability of cotton and
winter wheat increase up to 90-95%. There was stimulating of root formation that exhibit improving root-nutrition of plants. Destruction abi-
lity PCB by monocultural and their association was defined by radiochemical methods using gas chromatography and radioactivity tritium.
The percentage of utilized PCB in monocultures was from 35-43% and the association of 5 strains utilized 54% of PCB.

By this way, isolated and selected local active polyfunctional strains of phosphor mobilizing rhizobacteria can serve as a base for establi-
shing biopreparates of new generation – the biopreparates of polyfunctional activity for bioremediation or rhizoremediation of soil. 
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Chromium tolerance of rhizosphere microflora of the nickel hyperaccumulator, Alyssum serpyllifolium
Becerra Castro Cristina1, Kidd Petra1, Monterroso Maria Carmen2, Acea Maria Jose1, Prieto-Fernandez Angeles1

1 Instituto de Investigaciones Agrobiológicas de Gal Microbiología Avda. de Vigo s/n, Apartado 122 15780 Santiago de Compostela A Coruña Spain
2 Depto de Edafologia, Fac de Biologia, Universidad de Santiago de Compostela, Santiago 15706, Spain

Hexavalent chromium (Cr(VI)) is a widespread pollutant associated with industrial activities such as leather tanning or wood preservation
(CCA). Biotransformation of Cr(VI) to relatively non-toxic trivalent Cr(III) by plant-associated Cr-resistant bacteria offers a potentially econo-
mic and eco-friendly means of site clean-up. The aim of this study was to determine Cr speciation and bioavailability in naturally Cr-rich soils,
and Cr resistance in the rhizospheric microbial community of different plant species growing at these sites. Plants of the Ni hyperaccumul-
tor Alyssum serpyllifolium subsp. lusitanicum, and the non hyperaccumulator, Dactylis glomerata, were collected at three sites from soils
developed on ultramafic (S, M) and ultrabasic (UB) rocks in the serpentinitic region of NE Portugal. Soil was also collected from nonvegeta-
ted zones at each site. Bulk and rhizosphere soils were analysed for physico-chemical (pH, organic C/N, dissolved organic C, cation
exchange capacity, total Cr concentration, Cr speciation and fractionation) and microbiological characteristics. Exchangeable Cr (III) and
Cr(VI) were determined using selective extractants: 1M KCl and 0.1M KH2PO4, respectively. Physiological groups of soil microorganisms
(cultivable heterotrophic bacteria, ammonifiers and amylolytics) were determined in bulk and rhizosphere soils by the most probable number
(MPN) technique. Chromium resistance of heterotrophic bacteria was determined in media containing Cr(VI) at 250, 500 or 750 µM, or Cr(III)
at 500 µM. The number of colony forming units (CFU) was determined in bulk and rhizosphere soils on nutrient-rich media enriched with 500
µM Cr(VI) after 1,7 and 24 days incubation at 28°C. Significant differences in total microbial densities, and ammonifying and amylolytic
groups were observed between the two plant species and between plant populations within each species. Trivalent Cr was not found to be
toxic and higher densities of Cr(VI)-resistant bacteria were associated with the UB population of the hyperaccumulator Alyssum. A higher
number of CFU/g soil in Cr-enriched media was obtained from the rhizospheric soil of this population of Alyssum. Selected strains were sub-
cultivated for isolation and posterior identification by 16s rDNA sequencing. Significant differences in Cr resistance were observed between
the three populations. These results are discussed in relation to observed differences in Cr fractionation and speciation at the three sites.

P-883

Cu acquisition by durum wheat in Cu-contaminated, former vineyard calcareous soils as related to root-indu-
ced chemical changes in the rhizosphere
Michaud Aurélia, Chappellaz Carole, Hinsinger Philippe

INRA - SupAgro place Viala 34060 Montpellier France

In the Languedoc (South of France) over the last 30 years more than a third of the former vineyard surface area has been replaced by other
crops, mainly durum wheat. Symptoms of copper (Cu) phytotoxicity have been observed in cereals, and especially durum wheat cropped in
former vineyard, calcareous soils which had been contaminated with Cu-based fungicides. The aim of the present work was to study Cu
acquisition in durum wheat cropped in such soils, as related to root-induced changes of soil chemistry in the rhizosphere. 

A pot experiment was conducted with durum wheat (Triticum turgidum durum, cv Acalou) cropped in 22 former vineyard, calcareous soils
which covered a wide range of total soil Cu content (43-1030 mg Cu kg-1). The cropping device used in the present work provided an easy
access to shoots, roots and rhizosphere. Before being placed in contact with soils plants had been subjected to two levels of iron (Fe) sup-
ply, in order to compare Fe-deficient and Fe-sufficient plants cropped in 3 of the 22 soils.

With increasing soil Cu content, the Cu content in plants varied from 6 to 10 µg g-1 in shoots and from 10 to 53 µg g-1 in roots. In Fe-defi-
cient plants, plant Cu content was about 2-fold larger than in Fe-sufficient plants cropped in the same soils. Plant Cu acquisition increased
with increasing soil Cu content (up to 8-fold) and under Fe deficiency (up to 1.3-fold). In the mean time, soil Cu extracted by K-pyrophos-
phate decreased in the rhizosphere, while pH and Cu extracted by CaCl2 did not significantly change. These results suggest that Cu acqui-
sition by durum wheat occurs at the expense of the pool of Cu extracted by K-pyrophosphate, i.e. supposedly bound to organic matter. The
depletion of this pool was not related to pH changes and may thus be related to other rhizosphere processes such as root secretion of che-
lating compounds. Indeed, cereals are known to secrete phytosiderophores, which are capable to mobilize Fe and possibly also Cu in cal-
careous soils. This secretion is known to be stimulated under Fe deficiency. It might result in the depletion of soil Cu and explain the large
Cu acquisition and Cu phytotoxic symptoms observed in cereals cropped in Cu-contaminated, calcareous soils. This will be discussed based
on additional analyses of phytosiderophores, dissolved organic carbon and Cu in water extracts of uncropped soils as compared to the rhi-
zosphere of Fe-deficient versus Fe-sufficient durum wheat plants.

P-992
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Spatial and temporal monitoring of root-induced chemical changes in the rhizosphere of rice growing in a floo-
ded rhizobox: application to arsenic uptake
Bravin Matthieu1, Travassac Fanny1, Hinsinger Philippe1, Garnier Jean-Marie2

1 INRA-SupAgro, UMR 1222 Biogéochimie du Sol et de la Rhizosphère, place Pierre Viala, 34060 Montpellier Cedex 1, France
2 CNRS Université Paul Cézanne, UMR 6635 CEREGE, Pôle d’activité de l’Arbois, BP 80, 13545 Aix-en-Provence, France

The root-induced oxidation occurring in the rhizosphere of rice (Oryza sativa L.) growing in flooded soils results in the development of an iron
(Fe) plaque made of Fe and manganese (Mn) oxyhydroxides. This is assumed to restrict arsenic (As) accumulation in rice growing in paddy
fields submerged with As-contaminated groundwater. Further understanding of the rhizosphere biogeochemistry is thus needed for better
predicting As uptake by rice.

A novel rhizobox was designed for simulating the flooded conditions of paddy fields and enabling temporal and spatial monitoring of pH,
redox potential (Eh) and concentrations of redox-sensitive elements in the rhizosphere. After a preliminary culture of 21 days in hydroponics
enabling rice plants to develop a planar mat of roots, this mat was firmly pressed against a soil-containing cylinder for another 20 days.
Rhizon samplers and platinum micro-electrodes were inserted at 2, 11 and 21 mm from the top of soil cylinders to collect soil solution and
monitor Eh during the soil-plant contact. Each device was submerged in a box to mimic flooding conditions. At the end of the experiment,
soil cylinders were cut in thin slices parallel to the root mat with depth resolution up to 0.5 mm.

Eh monitoring revealed an oxidation at the surface of control devices (without plant), while Fe and Mn concentrations in soil solution simul-
taneously decreased. Consequently, oxalate-extractable As (likely bound to Fe oxyhydroxides) increased above the initial total amount of soil
As and soil solution As decreased in the first millimetres of soil cylinders. No such oxidation was observed in the rhizosphere. However, Fe
and Mn concentrations in dithionite-citrate-bicarbonate extract were 20-fold larger than before the soil-plant contact, suggesting Fe plaque
development. Similarly to control devices, Fe plaque accumulated As up to 205 mg kg-1 dry roots. This would have generated the diffusion
of As towards the root mat, thus involving the depletion of As in soil solution.

Although improvements are necessary for increasing the spatial resolution of micro-probes, this rhizobox combines advantageously both
spatial and temporal monitoring of relevant biogeochemical parameters and easy access to the roots in order to explore the root-induced
chemical changes in the rhizosphere of plants growing in anoxic systems.

P-941

Investigation of the symbiotic associations of legume species and their potential for revegetation of salted area
in Senegal
Diouf Diegane1, Kane Aboubacry1, Dreyfus Bernard2, Ba Amadou Tidiane1, Duponnois Robin3

1 Université Cheikh Anta Diop Biologie Végétale LCM IRD/ISRA/UCAD BP 1386 18524 Dakar Sénégal Senegal
2 IRD/UMR 113 IRD/CIRAD/AGRO-M/UM2, USC INRA 1242, Laboratoire des Symbioses Tropicales et Méditerranéennes, Campus International de
Baillarguet. TA 10/J. 34398 Montpellier cedex 5, France
3 IRD/UR 40, Laboratoire Commun de Microbiologie IRD/ISRA/UCAD, Centre de Recherche de Bel-Air, BP 1386, CP 18524, Dakar, Senegal

Since the 1960s, the Groundnut Basin of Senegal, as with the semi-arid Sahel region in Africa, has experienced a severe drought related to
climate change. This makes worse the loss of forested land, lower the soil fertility; and soil salinity and acidity continuously reduce agricul-
tural yields. The salinity has been evident in the Groundnut Basin for a long time, most notably in the Fatick and Kaolack regions as a result
of sea water intrusion from the Sine and Saloum Rivers. One of the sustainable methods of maintaining soil fertility and overcoming salt
stress problems is the reclamation of saline soils with multipurpose tree species, such as Acacia spp.

In this study, the microbial populations of both the saline sites of the Groundnut Basin and that of the surrounding pristine plant communities
have been investigated. Differences of microbial biomass, microbial diversity, legume root nodule bacteria (RNB) population diversity were
investigated in soil from bare sites and adjacent plant communities. Several approaches were undertaken to trap and isolate efficient RNB
and arbuscular mycorrhizal fungi (AMF) with a native legume, Acacia seyal; with a view of developing an inoculum of RNB and AMF. A pot
experience on tripartite symbiotic system of A. seyal demonstrated highly beneficial effect of such kind of inoculation on plant biomass pro-
duction and to promote plant growth and reduce damage of salt stress.

Results of pot experiment on the influence of Cubitermes mound powder on growth, nodulation and mycorrhizal colonization of A. seyal seed-
lings will be presented. The role of amended soil with Cubitermes mound powder on the development of several microbial groups (arbuscu-
lar mycorrhizal fungi, root nodule bacteria, actinomycetes, saprophytic fungi) will be discussed.

P-390



RRhhiizz    sspphheerree 22

203

Session 12 - Rhizoremediation and soil pollution

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

Remediation of heavy metal contaminated forest soil using recycled organic matter and native woody plants
Helmisaari Heljä-Sisko1, Salemaa Maija1, Derome John2, Kiikkila Oili1, Uhlig Christian3, Nieminen Tiina 
1 Finnish Forest Research Institute, Vantaa Research Unit, P.O.Box 18, FI-01301 Vantaa, Finland
2 Finnish Forest Research Institute, Rovaniemi Research Unit, P.O.Box 16, FI-96301 Rovaniemi, Finland
3 Bioforsk Nord Holt, The Norwegian Institute for Agricultural and Environmental Research, N-9292 Tromsø, Norway

Although plant responses to heavy metals have been a subject of intensive research, the large-scale and long-term practical remediation
studies in forests damaged by heavy-metal pollution are still rare. We present results of a ten-year experiment showing success in remedia-
tion of severely damaged forest through the establishment of a functioning organic layer, and through revegetation using native plants. The
specific aim of this paper was to determine how the application of a mulch cover (mixture of composted biowaste and woodchips) onto heavy-
metal polluted soil affects 1) survival and growth of planted dwarf shrubs and tree seedlings, and 2) natural revegetation. We also studied
the effect of mulch and the established transplants on metal concentrations in the soil. Native woody plants (Pinus sylvestris, Betula pubes-
cens, Empetrum nigrum, Arctostaphylos uva-ursi) were planted in mulch pockets on mulch-covered and uncovered plots in summer 1996 in
a highly polluted Scots pine stand in SW Finland. Spreading a mulch layer on the soil surface was essential for the recolonisation of natural
vegetation, and also increased dwarf shrub survival, partly through protection against drought. Despite initial mortality, transplant establish-
ment was successful during the following ten years. Tree species had higher survival rates but the dwarf shrubs covered a larger area of the
soil surface during the experiment. Especially Empetrum nigrum and Pinus sylvestris proved to be suitable for revegetating heavy-metal pol-
luted and degraded forests. Natural recolonization of pioneer species (e.g. Epilobium angustifolium, Taraxacum coll. and grasses) and tree
seedlings (Pinus sylvestris, Betula sp. and Salix sp.) was strongly enhanced on the mulched plots, whereas there was no natural vegetation
on the untreated plots. The somewhat lower exchangeable Cu and Ni concentrations in the mulch pockets with transplants compared to
those without transplants may suggest that the plant root exudates have increased either metal mobility and downward leaching, or Cu and
Ni have been immobilized through formation of metal-complexes. Also root uptake could have affected the exchangeable Cu and Ni concen-
trations in mulch. These results indicate that a heavy-metal polluted site can be ecologically remediated without having to remove the soil. 

P-1008

Modulation of cadmium uptake by A. thaliana mediated by Rhizobium sp. YAS34 root biofilm
Schue Mathieu, Achouak Wafa, Santaella Catherine

CEA IBEB/SBVME CEA Cadarache Bat 161 13108 Saint-Paul-lez-Durance, France

Heavy metals in soil constitute a major environmental issue since their uptake by plants can result in a food-chain contamination. The spe-
ciation and the bio-availability of heavy metals play a crucial role in their transfer from soil to plant. Different components of soil organic mat-
ter (humic and fulvic acids) have been described as important metal chelating agents. 

In the present study, we investigated the role of bacterial exopolysaccharide (EPS) in the transfer of cadmium from soil to Arabidopsis tha-
liana shoots (and roots). For this purpose, the EPS producing Rhizobium sp. YAS34 isolated from the sunflower rhizosphere was used as
bacterial model. This bacterium forms biofilms on Arabidopsis thaliana roots and produces EPS at the expense of root exudates. A knock-
out mutant impaired in the production of EPS was obtained, and characterized. The mutant was impaired in the expression of a glycosyl-
transferase encoding gene.

In the presence of cadmium, Rhizobium sp. YAS34 showed an increase of biofilm formation, however no significant effect on EPS produc-
tion was observed. These data indicated that the formation of biofilm by YAS 34 strain is independent of EPS production, which is in agree-
ment with the formation of biofilm by the EPS-deficient mutant. Inoculation of A. thaliana by the wild type and EPS-deficient Rhizobium sp.
YAS34 led to a decrease in cadmium uptake in comparison to axenic plants. These data suggest that the Rhizobium root biofilm, and not
the EPS synthesized on roots, is responsible for cadmium uptake limitation.

P-1056

Rhizosphere interaction during Cd uptake by various wheat cultivars
Greger Maria, Landberg Tommy

Stockholm university Botany Department of Botany, Stockholm university 106 91 Stockholm, Sweden

Wheat is an important crop for pasta and bread. However, the problem is that some varieties of wheat, and especially those with high levels
of grain proteins accumulate high Cd concentration in the grains. The objectives were to find out if high grain Cd accumulating wheat diffe-
red in uptake from soil solution or if the release of Cd from soil colloids were different from low accumulators of grain Cd. 

Seventeen low and high accumulating wheat varieties of spring- and winter-bread wheat (Triticum aestivum) and durum wheat (Triticum
durum) were cultivated to 3-leaf stage in 1) nutrient solution and 2) then placed in a rhizobox-like system for 2 days as well as 3) cultivated
whole period in soil. Roots were analysed for cation exchange capacity (CECroot) and soil and roots were analysed for Cd. Root exudate
was analysed for Cd, pH and organic acids. 

Results showed a relation between Cd grain accumulation property and release of Cd from the rhizosphere soil, while no relation was found
between Cd grain accumulation property and Cd uptake from solution. The difference in Cd accumulation in grains were not due to differen-
ces in organic acids or pH of the exudate. A relation between increased CECroot and Cd accumulation property in grains was found. Thus,
one of the mechanisms behind high grain accumulation of Cd is the release of Cd from soil by high CECroot causing a higher root uptake
of Cd.

P-1078
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Evidence for impaired micronutrient acquisition in glyphosate-resistant soybean (Glycine max L.)
Bott Sebastian1, Tesfamariam Tsehaye1, Neumann Günter1, Cakmak Ismail2, Römheld Volker1

1 University of Hohenheim Institute for Plant Nutrition Fruwirthstrasse 20 70599 Stuttgart Baden Würtenberg Germany
2 Sabanci, University, Istanbul, Turkey

Due to low production costs and high efficiency, glyphosate is the most widely used non-selective herbicide on global scale. Glyphosate acts
as total herbicide, inhibiting the shikimate pathway responsible for biosynthesis of aromatic amino acids and phenolic compounds. It is rapidly
translocated from shoots to roots with subsequent release into the rhizosphere and forms stable complexes with various metal cations (e.g.
Mn, Fe, Zn). Negative side effects are considered to be marginal due to immobilisation in soils and rapid microbial degradation. 

However field observations suggest a relationship between intensive glyphosate use and expression of micronutrient deficiency chlorosis,
frequently associated with impaired disease resistance, particularly on soils with limited availability of micronutrients. Model experiments in
nutrient solution revealed impairment of micronutrient uptake and translocation in non-target plants after drift contamination with trace
concentrations of glyphosate or rhizosphere transfer via the roots of glyphosate-treated plants. In transgenic glyphosate-resistant soybeans
grown on soils with low Mn availability, lower Mn shoot concentrations have been reported, compared with non-resistant cultivars.

This study investigated potential side-effects of glyphosate application on acquisition and internal utilization of micronutrients (Mn, Zn, Fe) in
glyphosate-resistant RR soybean and the parental non-resistant near-isogenic line. In a nutrient solution experiment, glyphosate application
inhibited root elongation of the RR line, while no differences in plant growth compared with the non-resistant variety, were observed in the
untreated control. In addition, in a soil culture experiment conducted on a calcareous loess sub-soil and a highly weathered Arenosol, Zn leaf
concentrations of the RR-variety, but not plant growth and Mn and Fe were affected by glyphosate applications on the Arenosol. There was
no indication of Mn, Zn or Fe inactivation by complexation with glyphosate in the low-molecular weight fraction of leaf extracts. Independent
of glyphosate application, micronutrient leaf concentrations of the plants declined below the deficiency threshold in the parental line as well
as the transgenic line. These findings suggest a glyphosate induced impairment of Zn acquisition of the RR variety, a causal analysis is under
investigation.

P-736

Cadmium uptake by hydroponically, aeroponically and soil-grown roots of maize
Redjala Tanegmart, Sterckeman Thibault, Morel Jean-Louis

ENSAIA Laboratoire Sols et Environnement 2 avenue de la Forêt de Haye BP 172, 54505 Vandoeuvre les Nancy France

The objective is to know if aeroponic culture is more appropriate than hydroponics for modelling of root Cd uptake. Indeed, exodermis is
strongly thought to be an effective apoplastic barrier in soil- and aeroponically-grown roots of young maize, whereas it would not exist in
hydroponically-grown roots of maize seedlings. After studying the root morphology and anatomy, we measured the Cd absorption kinetics of
maize roots cultivated in soil, hydroponics and aeroponics, together with the distribution of the metal in the different root compartments.

Maize seeds were cultivated during twelve days in three different conditions : hydroponics, aeroponics and soil. Uptake of 109Cd was measu-
red from an initial concentration of 0.5 µM CdCl2, in presence of 0.5 mM CaCl2 and 0.5 mM MES (pH 5.7). The thirteen-hour depletion was
followed by a separation of root Cd into exchangeable and non-exchangeable apoplastic Cd and symplastic Cd, thanks to desorption and
methanol-chloroform treatments. 

In the first three hours, roots grown in aeroponic culture showed a delay in Cd uptake, whereas hydroponically- and soil-grown roots were
characterized by a faster uptake. At the end of the experiment, all the plants had taken up about 6.5 µg Cd g-1 dry apoplast and the hydro-
ponically-grown roots had nearly depleted the whole solution. Nevertheless, relative amounts of symplastic and non-exchangeable apoplas-
tic Cd were about 45 % for aeroponics- and hydroponics-grown roots while 68 % of Cd depleted by soil-grown roots was reversibly bound
to their cell walls. These results raise the question of cell wall cationic exchange capacity as well as the symplastic influx, which might be dif-
ferent according to environmental conditions. The difference of absorption kinetics between aeroponically- and hydroponically-grown roots
might be related to the presence of the exodermis, which was more present in aeroponics than in hydroponics. This apoplastic barrier seems
to slow down the Cd influx.

P-439

Roots and saprotrophic microfungi: exploiting their synergism to remediate soil contaminated with organic
pollutants and toxic metals
Girlanda Mariangela, Lazzari Alexandra, Favero-Longo Sergio E., Segreto Rossana, Siniscalco Consolata, Perotto Silvia 

University of Torino Dept. Biologia vegetale Viale PA Mattioli 25 10125 Torino Italy

Rhizoremediation, an approach exploiting the synergic interactions between plants and microorganisms in the rhizosphere, holds great pro-
mise as a possible strategy to contribute to the restoration of polluted sites. While remediation activities of rhizosphere bacteria have been
well documented (see e.g. Kuiper et al. 2004, Chaudhry et al. 2005), the potential of filamentous fungi has been largely neglected, although
these microrganisms are also abundant in the rhizosphere environment, and in spite of advantages offered by their high soil colonization effi-
ciency. We have analysed microfungal community composition in an aged industrial soil contaminated by a complex mixture of pollutants,
with the aim of identifying indigenous organisms to be eventually used in in situ bioremediation. Selected plant and fungal organisms were
then tested for their remediation potential, either alone and in combination, in mesocosm assays under greenhouse conditions and in the
field. Significant reduction in soil levels of inorganic and organic contaminants (such as toxic metals, as well as nonylphenol, a recalcitrant
contaminant with endocrine disrupting activity) was obtained when poplar plants were introduced in association with a consortium of four
microfungal species (Paecilomyces lilacinus, Penicillium canescens, P. restrictum, P. pinophilum). Under either greenhouse and field condi-
tions, introduction of the fungal inoculum resulted in stimulation of resident microfungi, indicating occurrence of positive interactions between
introduced and resident populations.

Chaudhry Q, Blom-Zandstra M, Gupta S, Joner EJ (2005) Utilising the synergy between plants and rhizosphere microorganisms to enhance
breakdown of organic pollutants in the environment. Environ. Sci. Pollut. R. 12 (1): 34-48

Kuiper I, Lagendijk EL, Bloemberg GV, Lugtenberg BJJ (2004) Rhizoremediation: A beneficial plant-microbe interaction. Mol. Plant Microbe
In. 17 (1): 6-15
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Xenobiotic metabolism in plants and metabolite transport in the rhizosphere
Schröder Peter1, Andres Silvia1, Scheer Christian2, Diekmann Frauke1, Stampfl Andreas3

1 GSF Natl Research Center for Environment and Healt Microbe Plant Interactions Ingolstädter Landstrasse 1 D-85764 Neuherberg Germany
2 University of Greenwich at Medway, School of Sciences, Chatham Maritime, Kent
3 Institute for Toxicology, GSF Natl. Research Center for Environment and Health

Plants might be exposed naturally, by chance, or in the frame of agricultural activities towards organic xenobiotic compounds. Being unable
to escape from these attacks, they defend themselves with potent defence mechanisms. These mechanisms include the production of potent
scavenger molecules like ascorbate or glutathione, but also the expression of defence enzymes, like the P450, glucosyl transferase and glu-
tathione transferase super-families. In analogy to mammals, the resulting plant detoxification network has been named „green liver“, and sub-
divided into three distinct phases. Herbicide resistance in plants is to a good part based on the availability of these metabolites and the pre-
sence of the respective enzymes.

It is generally accepted that plants build up soluble or bound residues after detoxification, i.e. from phase II products like glutathione or glu-
cosyl conjugates. Main storage pools are thought to be the central vacuoles and the cell walls of plant leaves. However, glutathione depen-
dent detoxification leads to the formation of conjugates that remain soluble. The primary glutathione conjugates are cleaved -glutamylcystei-
nyl-,subsequently to form the corresponding  cysteinyl-glycine- or cysteinyl-analogues. These reactions are partially catalyzed in the cytosol,
but mainly in the vacuoles. It is of great interest for food safety considerations to know whether the resulting metabolites remain soluble and
whether they might exert some effects on the plant itself or on other organisms. Especially their potential escape into the rhizosphere might
lead to alterations in the microbial life around plant roots. Pilot studies with isolated soil bacteria show huge differences in growth patterns
under the influence of model xenobiotic conjugates. Studies are underway to elucidate the possible long term impact of xenobiotic metabo-
lites on rhizospheres.

P-1086

Effect of the polycyclic aromatic hydrocarbon phenanthrene on growth, development and root exudation of
Sorghum bicolor (L.) Moench
Merbach Wolfgang, Wittenmayer Lutz, Muratova Anna, Gulubov Sergei

University of Halle-Wittenberg Plant Nutrition Julius-Kühn-Str. 25 D - 06112 Halle (Saale) Germany

The objective of this paper was to study the effect of phenanthrene (Phe) on growth, development and root exudation of Sorghum bicolor.
Phe concentration up to 10 mg kg-1 (low) did not cause significant effects on plant survival and growth. 100 mg kg-1 of Phe (high) had subs-
tantial toxic effects on Sorghum as plant survival was decreased by almost 50%, shoot and root biomass was strongly inhibited. Root exu-
dation was strongly affected by a Phe-induced damage of root system. The total amount of exuded compounds was reduced by 78%.This
was mainly a result of reduced root biomass, only a tendency of lower exudation per unit root surface could be observed. 

High Phe concentration resulted in a reduced exudation of organic acids (malate, transaconitate, citrate). In average, the acid exudation was
reduced by 77%. The neutral exudate fraction (fructose, glucose, maltose, galactose) was reduced by 84% under the influence of high Phe
concentration, first of all as a result of root biomass inhibition. Low Phe concentration seems to stimulate the carbohydrate exudation. -High
Phe concentration resulted in a substantial decrease of amino acid exudation (alanine, leucine, serine, glycine), whereas low Phe concen-
tration did not affect their amount significantly. The protein content in the rhizosphere of Sorghum plants was increased by Phe application.
Related to mg protein in root exudates, enzyme turnover of peroxidase(s) increased strongly as a result of Phe treatment. Oxidase and tyro-
sinase activities were under the influence of Phe treatment increased too.

P-1097

Characterization and isolation of rhizospheric microorganisms from sediments accumulated in a constructed
wetland for their ability to degrade diuron and glyphosate
Bois Paul1, Bazot Stéphane1, Huguenot David1, Vuilleumier Stéphane2, Kuntz Jérôme3, Lebeau Thierry1

1 Université de Haute Alsace Equipe Dépollution Biologique des Sols, 33 rue de Herrlisheim 68000 Colmar, France
2 UMR 7156 CNRS, Université Louis Pasteur, 28 rue Goethe, 67083 Strasbourg Cedex, France
3 Plate-Forme Technologique AGROSYSTEMES, 33, rue de Herrlisheim, BP 50568, 68008 Colmar Cedex, France

In vineyards, runoff may cause erosion during storm events accompanied by leakage of pesticides via both water and soil particles. The use
of storm basins may help prevent such events. By design, the function of storm basins is hydraulic, but biological pesticide mitigation has
been observed and related to the role of natural macrophyte colonizers together with their associated microflora in constructed wetlands of
this type.

Enhanced biodegradation of organic contaminants in the rhizosphere, also known as rhizodegradation, can be promoted by enhancing
microbial activities by way of the generous endowments of organic compounds released by plants roots. In storm basins, the Phragmites
australis rhizosphere showed strong evidence for bioremediation. To the best of our knowledge, the combined use of plants and bacteria for
biodegradation of diuron and glyphosate has not yet been reported in the context of constructed wetlands.

In the present study, we have characterized culturable rhizosphere bacteria associated with P. australis growing in a storm basin (Rouffach,
68, France). Bacteria were isolated for their resistance to diuron, glyphosate and copper, and also for their ability to mineralize diuron and
glyphosate. The microbial diversity in the sediment as a function of the presence of contaminants was investigated by TTGE analysis
(Thermal Temporal Gel Electrophoresis). R-strategists (after 2 days) and k-strategists (after 7 days) bacteria were isolated from adhering and
non adhering sediment to plant roots. Our first results indicate that bacteria of the storm basin tolerate pollutants at a level that largely
exceeds that found in sediments and are little influenced by sample location or horizon of sampling.

After bacterial isolation, selected clones were characterised on the basis of their taxonomic and metabolic characteristics. An initial scree-
ning that relied on taxonomic selection consisted first in morphological analysis followed by genetic analysis using RISA (Ribosomal
Intergenic Spacer Analysis). Selected strains were then tested for their ability to mineralize diuron and glyphosate. Strains displaying most
efficient biodegradative characteristics will be further characterised by 16S rDNA sequencing and then used for trial bioaugmentation expe-
riments aiming at the clean-up of sediments of storm basins collecting runoff water from vineyards.

P-490
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Chromium(VI) stabilization in wheat rhizosphere
Chen Nengchang1, Inanaga Shunji2, Zhou Jianmin1

1 Guangdong Institute of Eco-environmental and Soil Pollution and Remediation Centre 808, Tianyuan Rd 510650 Guangzhou Guangdong Province
Peoples Republic of China
2 Faculty of Agriculture, Kagoshima University, Kagoshima 890-0065, Japan

Chromium (Cr) is one of the important pollutants in the environment. Soil, sediment, and groundwater are often contaminated with Cr, which
is toxic and carcinogenic at high concentration. Cr(VI), existing as a chromate anion, is much more mobile and more toxic than Cr(III). Cr(VI)
reduction to Cr(III) will immobilize Cr and attenuate Cr toxicity. Thus reduction of Cr(VI) to Cr(III) is an important detoxification mechanism.
The purpose of this work was to determine and compare the stabilization of Cr(VI) between rhizosphere and bulk soil and between rhizos-
phere soils treated either (NH4)2SO4 and NaNO3.

Stabilization of Cr(VI) to Cr(III) was studied in a fresh wheat rhizosphere soil pretreated with basal fertilizers consisting of N either as
(NH4)2SO4 or as NaNO3, P2O5 and KH2PO4. The pH was 1.25 units lower and 0.61 units higher in the center compartment (CC) of the rhi-
zobox in response to (NH4)2SO4 and NaNO3 treatments, respectively. About 0.5 g fresh rhizosphere soil or fresh bulk soil (on dry basis) was
put into a 15-mL test tube before addition of 10 mL 2.5 mg Cr(VI) L-1 and 0.1 mol L-1 KH2PO4 as background solution to prevent Cr(VI) from
adsorption, and shaken for 12 and 24 hours, respectively. After centrifugation at 3,000 r min-1 for 10 min, Cr(VI) in the supernatant was deter-
mined by colorimetric method at 534 nm. Cr(VI) reduction was much faster in the rhizosphere soil treated with NaNO3 than that with
(NH4)2SO4. It was found that irrespective of the pH changes, rhizosphere exerted a positive effect on Cr(VI) reduction. The reducing speed
was 4 and 2.5 times faster in the CC than that in the bulk soil with (NH4)2SO4 in 12 and 24 hr experiment respectively, and 5 and 4 times
faster in the case of soil treated with NaNO3 in 12 and 24 hr experiment respectively. It was concluded that rhizosphere speeds up the Cr(VI)
stabilization, and some rhizosphere factors, which may be the Fe(II) or Mn(II), other than pH, controlling the Cr(VI) stabilization.

P-1089

Effect of a polycyclic aromatic hydrocarbon and PGPR inoculant on root exudation of Sorghum bicolor L.
Moench
Muratova Anna1, Wittenmayer Lutz3, Golubev Sergey2, Pozdnyakova Natalia2, Merbach Wolfgang3, Turkovskaya Olga2

1 Institute of Biochemistry and Physiology of Plants Laboratory of Environmental Biotechnology prosp. Entuziastov, 13 410049 Saratov Russia
2 Institute of Biochemistry and Physiology of Plants and Microorganisms of the Russian Academy of Sciences, Saratov Russia
3 Institute of Soil Sciences and Plant Nutrition, Martin-Luther-University Halle-Wittenberg, Halle/S., Germany

Polycyclic aromatic hydrocarbons (PAHs) are widespread and hazardous pollutants coming into environment with oil pollution and with oil-
refining and by-product-coking industrial wastes. Within the framework of research on the phytoremediation of PAH-contaminated soils, the
effect of the three-ring aromatic hydrocarbon phenanthrene (used at 0, 10, and 100 mg kg-1) on plant growth, development, and root exuda-
tion as the main factor providing biodegradation of organic pollutants in contaminated rhizospheric soil was studied by using Sorghum bico-
lor (L.) Moench noninoculated and inoculated with a PGPR strain.

Phenanthrene concentration up to 10 mg kg-1 did not cause significant effects on plant survival, growth, and root exudation, whereas a ten-
fold increase in concentration (100 mg kg-1) was hazardous and had toxic effects on sorghum. The exudation of carboxylic acids, carbohy-
drates, amino acids, and proteins was reduced in heavily contaminated ground. Analysis of the enzymatic activity of the sorghum root exu-
dates allowed us to reveal three oxidoreductases – oxidase, peroxidases, and tyrosinase. The activities of these enzymes were clearly pro-
gressive to increasing phenanthrene concentration in the ground. We assumed that these enzymes are involved in rhizospheric degradation
of PAH.

Inoculation of the plants with Sinorhizobium meliloti strain P221, possessing high degradative activity towards PAHs and the ability to pro-
duce the phytohormone indole-3-acetic acid, promoted plant growth. The influence of the inoculant on the exudation of carboxylic acids, car-
bohydrates, amino acids, and proteins by the roots depended on the presence of the pollutant. The inoculant stimulated oxidoreductase acti-
vity in the sorghum root exudates. The number of bacteria in the rhizosphere of sorghum grown in the PAH-contaminated ground was 3-5
times higher than the values for the uncontaminated planted and the contaminated unplanted controls. Thus, novel data on effect of phenan-
threne on plant growth and development, root exudation, and oxidoreductase activity in the rhizosphere of sorghum were obtained. It was
established that the microbial inoculation of sorghum with a PAH-degrading PGPR strain had a significant effect on root exudation and sti-
mulated plant enzymatic activity in the rhizosphere. From the obtained data we assumed that the inoculant was selectively maintained in the
sorghum rhizosphere in the PAH-contaminated environment.

P-591
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Mechanisms of Cd uptake by durum wheat in presence of citrate
Panfili Frédéric1, Schneider André1, Pellerin Sylvain1, Vives Alain1, Perrot Frédéric2, Hubert Philippe2

1 INRA-ENITA UMR TCEM Centre INRA-Bordeaux-Aquitaine 33883 Villenave D'Ornon, France
2 Centre d'Etudes Nucléaires de Bordeaux-Gradignan, BP 120, 33175 Gradignan Cedex, France

Models of trace elements uptake by plants are based on the assumption that only the free ionic form is absorbed by roots. However, gro-
wing evidence of an apparent contradiction to this assumption is reported in the literature, when ligands are present in the soil solution. The
objective of this study was to determine, under hydroponic conditions, the mechanisms underlying the uptake of Cd by durum wheat in pre-
sence of citrate, an organic ligand commonly found in soils. The hypothesis of a direct uptake of metal-complexes by plants was especially
tested.

Wheat seedlings (7 days old) were exposed for 3 hours to simplified nutrient solutions containing 35 nM of free Cd (Cd2+) with and without
citrate (0.255 mM). Exposure experiments with citrate alone were also performed. The non-degradation of citrate during the exposure was
checked by Liquid Chromatography. Radiolabelled Cd (109Cd) and citrate (citrate-14C) were used to quantify the metal and the ligand concen-
trations at the end of the exposure in the following compartments: in the exposure solution, at the root surface, inside the roots and inside
the aerial parts. 

Results showed a significant increase in Cd uptake in presence of citrate (about 2 times more). Thanks to the quantification of the Cd adsor-
bed on the roots and internalized, it was possible to establish that the ratio Cd-adsorbed/Cd-internalized remained constant with or without
citrate. This strongly suggests that Cd-complexes are not directly absorbed by roots. The complexed fraction appears to contribute indirectly
to the bioavailability by a dissociation of the Cd-complexes, probably due to the lability of the complexes. Citrate-14C analysis also showed
that for the same total citrate concentration, significantly more citrate is adsorbed on the roots in presence of Cd, suggesting that, in addition
to a probable effect of the complex lability, the complex may be dissociated at the root surface.

P-1060

Fractionation of trace metals and dissolved organic matter in soil solution at rhizosphere by size exclusion
chromatography combined with inductively coupled plasma mass spectrometry
Takeda Akira, Tsukada Hirofumi, Takaku Yuichi, Hisamatsu Shun'ichi

Institute for Environmental Sciences 1-7 Ienomae, Obuchi, Rokkasho-mura, 039-3212 Aomori Japan

For better understanding of behavior of metals in soil-plant system, their physicochemical forms in soil solution at rhizosphere should be elu-
cidated. Dissolved organic substances in soil solution influence the mobility and bioavailability of metals in soil. In this study, the effect of
plant growth on dissolved organic matters (DOM) and DOM-binding metals in soil solution at rhizosphere were studied by means of a size
exclusion chromatography combined with an inductively coupled plasma mass spectrometer system (SEC-ICP-MS).

Organic-rich volcanic ash soil (total C, 85 g kg-1; pH(H2O) 5.5) collected from surface of an agricultural field was used for a pot cultivation
experiment. Soil sample (400 g dry soil) was put into a plastic pot, in which the rhizosphere soil (R) was separated from the non-rhizosphere
soil (NR) by a nylon net screen (20 µm), after mixing with NH4NO3 and KH2PO4. Komatsuna (Brassica rapa L.), a common leafy vegetable
in Japan, was cultivated in the above-mentioned pot placed in an environmentally controlled growth chamber. Unplanted pot was also kept
under the same condition (NP). Soil solutions were collected by a high speed centrifugation method at 21 days after sowing, and were ana-
lyzed with the SEC-ICP-MS.

Some peaks of UV (280 nm) absorbing high molecular size organic substances, which were comparable to approximately 10 - 30 k Da, were
detected in the soil solution samples. Their concentrations were much higher in the R soil solution than the NR and the NP soil solution.
Metals including Al, Fe, Cu, Pb, rare earth elements and U were detected at the observed UV peak positions of high molecular size DOM,
and the DOM-binding metals were also in higher concentration in the R soil solution than the NR and the NP soil solution. The results sug-
gested that plant growth may enhance dissolution of the metals which associated with high molecular size DOM from soil solid phase at rhi-
zosphere.

This study was supported by Aomori Prefecture.

P-375
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The Improvement of polychlorinated biphenyls degradation in rhizosphere soils
Javorská Hana, Tlustos Pavel, Kaliszová Regina, Balík Jifií

Czech University of Life Sciences Department of Agrochemistry and Plant Nutrition Kam˘cká 129 165 21 Prague Czech Republic

Strong persistence of polychlorinated biphenyls (PCBs) in the environment and progressive bioaccumulation in the food chain makes them
great environmental and human health risks that need remediation action. It is known that plants are able to directly extract and remove many
of persistent organic pollutants from soil but also produce root exudates which enhance microbial activity in the rhizosphere causing envi-
ronment for greater metabolism of contaminants. The aim of this study was to investigate the rate of PCBs degradation in rhizosphere soil. 

Two agricultural soils with different sorption capacities and organic matter contents (Chernozem and Fluvisol) spiked with a precisely defi-
ned mixture of seven indicator PCBs congeners (200 µg of each PCB congener per 1 kg of soil) with IUPAC No. 28, 52, 101, 118, 153 and
180 were chosen. The experiment was carried out with a rape (Brassica napus L.) grown in rhizoboxes for 75 days placed in an experimen-
tal greenhouse. Rhizobox design allows to separate rhizosphere soil compartment from adjacent plant roots. In the end of experiment, shoots
were separated from roots. Soil rhizosphere compartment was sliced into 6 layers (each 1 mm thick) from side adjacent to rape roots.
Analysis of both biomass and soil sample extracts for PCBs were performed by means of gas chromatography coupled with mass spectro-
metry (GC/MS). 

Results showed that rape exudates and microbial processes involved have an effect on degradation of PCB congeners in rhizosphere soil.
The strong linear increase (r=0.98) of PCB7 concentration in soil layers from 1 mm to 6 mm was found in Fluvisol. The concentration in the
first mm was about 1.4 x lower than in the sixth mm. Differences among soil layers of Chernozem were almost insignificant and concentra-
tion of PCB7 in all layers were markedly higher than those found in Fluvisol. This implicates that soil type has a strong influence on sorption
of PCB in soils. Distribution of individual PCB congeners did not show changes among the individual layers and concentrations of all of them
linearly increased (r=0.94-0,99) with the further distance from roots. Total concentrations of PCB7 in rape roots point out that PCBs have a
low mobility within the rape plants. Higher concentration of PCB7 was found in rape roots grown on Luvisol. The most abundant congener
in both soil and plant samples was congener No. 153.

This work was supported by NAZV QD 4063 and MSM 6046070901 projects.

P-1098

The effect of plant species differing in arsenic accumulation capacity on the As depletion in the rhizosphere of
contaminated soils
Richtrova Eva, Szakova Jirina, Pavlikova Daniela, Tlustos Pavel

Czech University of Life Sciences Agrochemistry and Plant Nutrition Kamycka 957 16521 Prague -6 Suchdol Czech Republic

Whereas a lot of researchers investigated the phytoextraction of heavy metals (e.g. Cd, Ni, Zn) with various plants from contaminated soils,
only a few plant species are suitable for phytoextraction of arsenic. Among them, Cretan brake fern (Pteris cretica L.) was described as hyper-
accumulator of arsenic and water mint (Mentha aquatica L.) belongs to relatively arsenic-tolerant plants. We investigated the arsenic concen-
trations in the biomass and rhizosphere of P. cretica and M. aquatica in a rhizobox experiment with three soils differing in total arsenic concen-
trations as well as in the physico-chemical parameters. The plants were cultivated for five and two months, respectively, in rhizoboxes (where
the soil arsenic concentration was 473 (soil I), 1430 (soil II), and 36 (soil III) mg/kg. The soils differed in level and history of contamination.
During the experiment rhizoboxes were placed into the climate chamber (16 hours day with temperature 20°C, 8 hours night 16°C, 80%
humidity).

The harvested biomass was divided into aboveground biomass and roots, dried, homogenized, and analyzed after dry ashing procedure. At
the end of the experiment the soil was sliced (1 mm) up to 6 mm from the membrane. The mobile portions of arsenic in soil samples were
determined in water extracts.

In the case of M. aquatica the As contents in plants were lower than reported in the literature and varied between 0.6 and 4.5 mg As per kg
in leaves, and between 0.3 and 5 mg As per kg in stems. The aboveground biomass of P. cretica contained 499, 400, and 81 mg As per kg
at soil I, II, and III, respectively. In roots the total arsenic content was 42, 53, and 24 mg As per kg at soil I, II, and III, respectively, confirming
the good ability of P. cretica to translocate arsenic to aboveground biomass. Relatively low uptake of arsenic by M. aquatica resulted in very
low and ambiguous changes in rhizosphere soil compared to bulk soil. However, the concentration of arsenic in the first millimeter tended to
lower level than in next millimeters of the rhizosphere soils. The water soluble contents of arsenic in rhizosphere soil of P. cretica showed
clear depletion of arsenic with the distance from plant roots in soils I and III. For soil II the depletion curve was ambiguous. In this case, less
suitable soil conditions resulting in limited plant growth and lower As removal.

Financial support was provided by GACR No. 205/06/0298 and MSM 6046070901 projects.

P-1108

Endophytic and epiphytic hydrocarbon-utilizing bacteria associated with root nodules of legumes
Dashti Dr. Narjes, Radwan Samir , M.Khanafer Magda

Kuwait University Biological Sciences Faculty of Science O.O.Box:5969 Safat 1 Kuwait Kuwait Kuwait

Nodules of Vicia faba roots were found to contain Rhizobium strains that could utilize crude oil as a sole source of carbon and energy.
Scanning electron microscopy also revealed the occurrence of huge numbers of bacteria associated with the nodule surfaces. Transmission
electron microscopy showed that a few of these epiphytes succeeded in colonizing the outer cells of the nodule tissues. Those epiphytic bac-
teria comprised oil-utilizing strains. Eleven oil-utilizing strains were isolated and purified, they were found to belong to the genera
Pseudomonas, Bacillus, Nocardia and Rhizobium. The individual strains could grow on a wide range of pure aliphatic and aromatic hydro-
carbons as sole sources of carbon and energy. Most of the epiphytic isolates could in addition grow in a nitrogen free medium, indicating that
they could fix nitrogen gas. These results demonstrate the high potential of legume crops for phytoremediating oily environments. The nitro-
gen fixed contributes to accelerating the microbial degradation of hydrocarbons.

P-1165
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Water extractable low molecular weight organic acids in the finely fractionated rhizosphere soils of sunflower
grown in Andosol.
Alidoust Darioush2, Matsumura Shoji3, Shimada Jun3, Suzuki Sohzoh1

1 Tokyo University of Agriculture and Technology(TUA Saiwaicho 3-5-8 183-0054 Fuchu Tokyo Japan
2 United Graduate School of Agricultural Science,Tokyo University of Agriculture and Technology
3 Field Science Center,Tokyo University of Agriculture and Technology

To investigate the composition and function of water extractable low molecular weight organic acids (WELMWOAs) in the rhizosphere soil,
species and contents of organic acids in the finely fractionated rhizosphere soils of sunflower (Helianthus annus L.) grown in pots with
Andosol in a greenhouse under natural light for 4 weeks were determined by HPLC. WELMWOAs in plant roots and root exudates were
determined by the filtrate from suspension or soaked filter papers as well as those in fractionated soil samples. There were 9 species of
WELMWOAs (fumaric, malic, citric, lactic, maleic, succinic, propionic, acetic and citraconic acids) and fumaric, malic and citric acids were
major species accounted for 71.1, 23.6 and 4.7% respectively in the root extract (RT). Though six species of WELMWOAs (fumaric, malic,
citric, lactic, maleic and acetic acids) were detected in root exudates (RE), lactic, acetic and maleic acids were major components of RE and
their proportions were 48.6, 29.4 and 9.0% respectively. Though lactic and acetic acids were also major components of rhizoplane (RP) and
rhizosphere soil (RZ) accounted for 55.1-57.1, and 21.5-29.1% respectively, fumaric and citric acids were identified in them accounted for
16.9-4.6 and 6.6-9.2% respectively instead of maleic acids in RE. Though there were little amounts of lactic, acetic, fumaric and citric acids
accounted for 54.8, 28.2, 11.7 and 5.3% respectively in the bulk soil (BK), the species and composition of them were same as those of rhi-
zoplane (RP) and rhizosphere soil (RZ).

P-377

Beneficial rhizosphere bacteria for bioremediation of oil-contaminated soils
Kochetkov Vladimir2, Siunova Tatyana1, Anokhina Tatyana1, Sizova Olga1, Boronin Alexander1

1 Institut Biochemistry and Physiology of Microorgan Biology of Plasmids Prospect Nauki,5 142290 Pushchino Moscow region Russia
2 Pushchino State University, Prospect Nauki, 3, Pushchino, Moscow region, Russia

The bioremediation technologies are based on the interdisciplinary approaches, which employ mostly microorganisms. Plant growth-promo-
ting rhizobacteria, specifically fluorescent Pseudomonas bacteria (PGPP), are very promising candidates for bioremediation of soil contami-
nated by oil, heavy metals and other toxic pollutants. The concurrent use of plants and PGPP, able to degrade pollutants and resistant to
toxic compounds, makes the bioremediation process more efficient. The most of PGPP strains isolated and studied are antagonists of soil
borne plant pathogens. PCR and DNA-DNA hybridization applied to these strains have revealed genes controlling the synthesis of phenazi-
nes, 2,4 diacetylphloroglucinol, pyoluteorin, pyrrolnitrin, and their derivatives. The new PGPP strains bearing plasmids responsible for the
degradation of polycyclic aromatic compounds (PAH) and the resistance to heavy metals (Ni, Co, Zn, Cd), and other toxicants
(arsenites/arsenates) have been constructed. Some of these constructed strains degrade naphthalene and phenanthrene more efficiently
than natural bacterial isolates. The most efficient plasmids-bacteria combinations have been obtained on the basis of the P. aureofaciens
strain BS1393 and P. chlororaphis strain PCL1391. The model experiments on the soils contaminated by PAH mixture (naphthalene - 1 g/kg
of soil and phenanthrene - 0.2 g/kg), nickel (400 mg/kg) and arsenic (50 mg/kg) have demonstrated that some plasmid bearing PGPP strains
protected sorghum plants both from the soil-borne plant pathogens and from the toxic additions very efficiently. The use in bioremediation
technology of new multifunctional PGPP strains which combine the genetic systems for PAH degradation, resistance to toxic compounds,
and promotion of plant growth/protection can be considered as good perspective for bioremediation.

The work is supported by 1) CRDF grant # RUB2-010001-PU-05; 2) DOE-IPP Grant CRDF RBO-10118; 3) Ministry of Education and Science
of Russian Federation grant #RNP 2.1.1.9321

P-656

The impact of sewage sludge amendment on soil properties and on microbial community structure in an allu-
vial agricultural soil
Suhadolc Marjetka1, Graham David Benjamin1, Hagn Alexandra2, Schloter Michael2, Lobnik Franc1

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

The impact of sewage sludge amendment on soil properties and bacterial and fungal structural diversity was studied in a soil leaching expe-
riment. The soil columns were hand-packed to a field bulk density of 1.3 g cm3 with texture light soil material of pH 7,4, organic matter content
3,5%, 0,19% of N and C/N ratio 10:1, CEC 27,4 mmolc/100g. The upper 2 cm of the soil profile was mixed with sewage sludge. Soil in the
control columns was also mixed, however, without amendment. Dehydrated sludge from the sewage treatment plant was used in amounts
corresponding to the standards governing the use of sewage sludge for agricultural land. 

Sewage sludge amendment significantly increased organic matter content as well as the contents of nutrients (total N, NO3
-, NH4

+, available
P and K) and some of the heavy metals (Zn, Cu, Cr). In general differences were more evident at day 3 than after 90 days of the leaching
experiment. Three days after sewage sludge addition heavy metals were already bound to soil carbonates, organic matter, or remained in
the residual fraction. None of the heavy metals was detected in the soil solution or exchangeable pool, the two most available fractions. RFLP
(Restriction Fragment Length Polymorphism) analyses of the 16/18 S rDNA, using universal fungal (ITS1/ITS4) and bacterial (B27/L1401)
primer pairs, revealed shifts in bacterial and fungal community structure due to the treatment. The most distant cluster, when comparing fun-
gal fingerprints, was formed at day 3 where communities from sewage sludge amended soils where clearly different from those of the control
soils. More similarities were found at day 90, which indicates short term impacts of sewage sludge on soil fungi. Soil bacterial communities
also showed the greatest influence at day 3, but additionally sewage sludge seems to have prolonged effects as clear differences between
treated soil and control soil were observed also 90 days after sludge amendment.

The most possible reasons for shifts in microbial community structure could include beneficial effects to the physical-chemical characteris-
tics of the soil by the addition of sewage sludge itself as well as toxic effects of heavy metals present in the sludge. Heavy metals were not
detected in bio-available fraction, however, availability of heavy metals before day 3 were not examined, and might have caused the long
term structural changes to bacterial community observed in our study. 

P-1140
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Manganese transfer in Tristaniopsis spp. from soil to plant in New Caledonian lateritic soils
Pouschat Priscilla1, Plouffe Geneviève1, Keller Catherine1, Rose Jérôme1, Ducousso Marc2, Jourand Philippe2, Ambrosi Jean-Paul1

1 CEREGE Europôle de l'Arbois BP 80 13 545 Aix en Provence France
2 LSTM - UMR 113 (IRD - INRA - Agro-M - Université de Montpellier II - CIRAD - IAC) -- BP A5 98848 NOUMEA Cedex, New Caledonia, France

New Caledonian ferritic soils (more than 50 % of iron) are naturally rich in metals (chromium, nickel, cobalt, and manganese), deficient in
nutrients (nitrogen, phosphorus, and potassium), and unbalanced for the calcium/magnesium ratio. Under these particular ecological condi-
tions, New Caledonia, recognized as a hot-spot of biodiversity, is a natural laboratory to study and understand the adaptation strategies of
plants to metalliferous soils, and particularly the tolerance and (hyper)accumulation of metal.

The main objectives were to study in the field (1) the soil-plant relationships and metal mobility along a toposequence in a future nickel mined
massif, the Koniambo, and (2) whether, in order to cope with high manganese (Mn) soil concentrations, the plant induced changes in its rhi-
zospheric environment or whether the soil characteristics determined the plant species found and their adaptation strategy to high Mn levels.

Thus leaves, twigs and roots of two phylogenetically-close major shrubs of the New Caledonian so-called “maquis minier”, Tristaniopsis guil-
lainii Vieill. ex Brongn & Gris and Tristaniopsis calobuxus Brongn & Gris, were chosen and sampled along a toposequence (3 different alti-
tudes), as well as their associated rhizospheric and bulk soils. Soils were characterized for pH, cation exchange capacity. Both soils and
plant parts were analyzed for their total metal and nutrient concentrations. Metal availability in soil was assessed by sequential and one-step
extractions. Cellular localization of manganese in plant tissues was studied by X-ray microfluorescence and cryogenic-scanning electron
microscopy (SEM).

First results revealed an increase of Mn concentration from roots to leaves for the two Tristaniopsis species (e.g. for one site, from 653 ±
155 mg Mn/kg dry matter (DM) to 1 392 ± 208 mg Mn/kg DM), without any significant difference between the two species. However, Mn was
found more available (DTPA extraction) in the rhizospheric soil of T. guillainii than in its associated bulk soil (e. g. at the same site, 181 ± 78
and 105 ± 62 mg Mn/kg DM respectively). Localization studies in T. guillainii using a cryogenic SEM revealed that manganese is accumula-
ted in non-metabolic tissues, such as epidermal cell walls and collenchyma.

P-1196

Effect of nitrogen form on rhizosphere chemistry and Cu, Zn and Pb uptake by Brassica species
Rizou Zacharoula, Gregory P.J., Hodson M.E.

University of Reading Soil Science Whiteknights RG6 6DW Reading, U.K. United Kingdom

Rhizoboxes, allowing the growth of a root mat, were used to investigate the uptake of Cu, Zn and Pb by Brassica plants in relation to root-
induced pH changes in the rhizosphere due to nitrogen fertilization with ammonium- and nitrate-nitrogen. Two rhizobox experiments were
carried out in a greenhouse for 34 d each with four treatments: Indian mustard (Brassica juncea L.), oilseed rape (Brassica napus L.), kale
(Brassica oleracea L.) and no plants as a reference treatment. There were three levels of metals used in these experiments; referred to as
least, moderate and most contaminated soils respectively. Metal concentrations (mg kg-1 oven dry soil) in the least contaminated soil ranged
from 100 to 200, from 300 to 350 in the moderate soil, and from 500 to 700 in the most contaminated soil. 

Both Brassica juncea and Brassica napus significantly (p < 0.05) reduced rhizosphere pH compared to the reference treatment in both the
presence of ammonium- and nitrate-nitrogen, whereas Brassica oleracea reduced the rhizosphere pH only when ammonium-nitrogen was
applied. Ammonium-nitrogen acidified a smaller volume of the rhizosphere soil (up to 3 mm away from the root mat) but with greater inten-
sity (pH decreased by 1 unit) compared to nitrate application (up to 5 mm away from the root mat and pH decreased by 0.7 units). The pH
changes were more subtle within 3 mm of the root mat. Significantly (p < 0.05) more copper and lead was taken up by all Brassica species
when nitrate-nitrogen was added to soils in comparison with ammonium–nitrogen. Sequential extraction analyses of rhizosphere and bulk
soils showed that exchangeable copper and lead were significantly higher (p < 0.05) in the rhizosphere compared to bulk soil whereas
exchangeable zinc was significantly lower (p < 0.05).

Nitrogen fertilizers are promising additives in the remediation of contaminated soils with Cu, Zn and Pb, as they acidify the soil for enhanced
metal availability.and they also provide nutrients needed for high yield.

P-1322

Phytoremediation of weathered flare-pit soil: the impact of mixed and single plant treatments on hydrocarbon
degradation potential
Phillips Lori A.1, Greer Charles W.2, Germida Jim1

1 University of Saskatchewan Soil Science 107 Administration Place S7N 5A8 Saskatoon SK, Canada
2 Biotechnology Research Institute, National Research Council, 6100 Royalmount Ave., Montreal, QC. H4P 2R2, Canada

Most phytoremediation systems for petroleum hydrocarbon contaminated sites are composed of mixed grasses and legumes. The combi-
ned root types and exudate patterns are believed to allow greater infiltration of and stimulation of root-associated microbial communities, with
a net positive stimulation of hydrocarbon catabolic potential. In order to investigate this assumption, a two year field study was conducted at
a flare-pit site in southeastern Saskatchewan, Canada. Three plants commonly used in phytoremediation mixes (tall wheat grass, Altai wild
rye and alfalfa), a mix of all plants, and non-planted controls were established in 1m by 1m plots (n=4) and sampled regularly over 2 growing
seasons. Control, endophytic, and rhizosphere microbial communities were assessed for total culturable heterotrophs using TSA agar plate
counts, for total hydrocarbon degraders using a MPN procedure incorporating n-hexadecane and a PAH mixture, and for degradation poten-
tial using mineralization assays of 14C- labeled hexadecane and phenanthrene. Total petroleum hydrocarbon (TPH) concentration was deter-
mined by GC-FID analysis of solvent extracted soils. Significant differences occurred in observed degradation trends in the first growing sea-
son, with Altai wild rye (AWR) promoting greater than 50% TPH degradation while alfalfa and mixed treatments reduced TPH levels by less
than 25%. Some of this discrepancy in degradation potential was explained by examining the microbial population dynamics. While rhizos-
phere and endophytic degrader communities of most plants experienced significant declines during times of drought, those of AWR were
more stable. During periods of drought AWR supported up to 100 times more n-hexadecane degraders in its roots than other plants.
Averaged over the two growing seasons these endophytic degrader populations were maintained at levels approximately 10 times higher
than those of other plants. It is probable that the increased degradation seen in AWR treatments is related to its ability to act as a refuge and
hence subsequent source for hydrocarbon degrader communities. As both plants and microbial communities mature, these discrepancies in
degradation potential are decreased and cumulative TPH degradation increases in all treatments. The results of this study show that the
common practice of using mixed plant species may initially slow or inhibit the remediation of hydrocarbon contaminated soils.
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