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Rhizosphere microbial communities affected by genetically modified plants?
Kornelia Smalla

Federal Biological Research Centre for Agriculture and Forestry, Messeweg 11-12, D-38104 Braunschweig

Potential impacts of genetically modified plants (GMPs) on soil microbial communities have been investigated for more than a decade under
greenhouse and field conditions. The question is whether large-scale use of transgenic crops could affect the structural and functional diver-
sity of soil microbial communities due to an altered root exudation or released transgene products, which in turn could affect plant health or
microbe-driven soil functions. A major challenge for studies on potential impacts of GMPs on soil microbial communities turned out to be due
to the lack of appropriate tools to open the “black box” of the soil microbiota and the lack of baseline data. In the last decade we witnessed
an enormous development of the necessary toolbox. The use of molecular fingerprinting techniques opened the opportunity to analyze micro-
bial communities independent of their cultivability in large sample sets, making it possible to explore how different abiotic and biotic factors
influence the structural and functional diversity in the rhizosphere. The rhizosphere effect was shown to be plant species and site dependent,
and the effects of GMPs on soil microbial communities were often negligible compared environmental factors such as site and season.

Other studies investigated the likelihood of horizontal transfer of transgenic plant DNA (in particular of marker genes) to bacteria. Potential
impacts of horizontal gene transfer events would be noticed only if such transformants acquired a selective advantage. Estimated transfer
frequencies are expected to be low compared to gene exchange between bacteria, e.g. by conjugation and thus would be seen only if such
a horizontal gene transfer event contributed to the selective advantage of the transformants. While persistence of transgenic plant DNA in
soil was demonstrated, the proportion of naturally transformable rhizobacteria seems to be low. This keynote aims to compile and critically
assess research on the impacts of GMPs on soil microbial communities.
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Microbial activities and nutrient dynamics in the rhizosphere of transgenic Bt-cotton
Sarkar Binoy, Patra Ashok

Indian Agricultural Research Institute Division of Soil Science & Agricultural Chemistry Division of Soil Science & Agricultural Chemistry, 110 012 New
Delhi India

The possible unwanted ecological impact of transgenic plants expressing insecticidal proteins of Bacillus thuringiensis (Bt) on soil biodiver-
sity and functions has become a major concern in modern agriculture. Because transgenic Bt-crops generally carry genes that produce com-
pounds (e. g, Bt-toxin) having potential risks to natural and agro-ecosystems. The objective of this study was to investigate the microbial acti-
vity, biochemical processes and dynamics of N and P in the rhizosphere of Bt (with Cry 1Ac gene) and non-Bt cotton crops. The experiment
was under taken on a sandy clay loam soil at the Indian Agricultural Research Institute, New Delhi, during wet season (June to October) in
2005. In a net-house, Bt-cotton (cv MRC-6301Bt) and its non-transgenic isoline (cv MRC-6301) were grown until maturity and rhizosphere
soils and root samples were obtained periodically. A control (no-crop) treatment was also included. Soil samples were analysed for microbial
biomass C (MBC), N (MBN), P (MBP), total organic carbon (TOC), ratio of MBC/TOC [(i.e. microbial quotient, (MQ)], soil respiration and
several soil enzyme activities. Mineral-N and Olsen-P in the soils were estimated periodically and root characteristics were recorded. Average
of 4 sampling events during the crop growth (0-120 days) have revealed a significant (p < 0.05) increase (9 to 96 %) in MBC, MBN, MBP,
MQ and enzyme activities (potential N mineralization, nitrification and nitrate reductase, and alkaline phosphatase) in soils under Bt-cotton
over non-Bt isoline. The TOC in Bt and non-Bt systems was not significantly different (p > 0.05). However, dehydrogenase activity and soil
respiration were significantly decreased (-3.5 to -23 %), indicating a considerable portion of microbial populations was inactive. Total mine-
ral N (NH4

+-N + NO3
---N) in soils was reduced (-14 %), whereas Olsen-P was increased (8 %) in the rhizosphere of Bt-cotton. Root charac-

teristics, such as root volume and dry matter were significantly higher in Bt-cotton than non-Bt isoline. Time of sampling during plant growth
also strongly (p < 0.05) affected the above parameters, being their highest values mostly at 60 or 90 days, and there had also been a signi-
ficant interactive effect of time and treatments. We concluded from the data that there was positive, negative or no effect of Bt-cotton on the
microbial and biochemical characteristics and nutrient dynamics in the rhizosphere.
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Effect of genetically modified Rhizobium leguminosarum strains on the microbial community composition in
the rhizosphere of Pisum sativum
Lantin Corinna1, Bulawa Beata1, Haselier Andre1, Defez Roberto2, Priefer Ursula1

1 RWTH Aachen Soil Ecology Worringer Weg 1 52074 Aachen NRW Germany
2 IIGB, Naples, Italy

At present, legumes cover one third of the total protein intake of the human diet. Therefore any improvement in this domain is of extreme
importance. A significant increase of forage and grain legume yield without environmentally harmful chemical fertilizer could be achieved by
inoculation with a genetically modified Rhizobium strain releasing the plant hormone indole-3-acetic acid (IAA) to the rhizosphere of their host
plant.

For this purpose we used Rhizobium leguminosarum bv. viciae, which was modified to produce IAA by introducing the iaaM (tryptophane
monooxygenase) and tms2 (indole-3-acetamide hydrolase) genes on two separate plasmids, pRD20 and pBBRIAA, respectively. The
expression of the two genes in pBBRIAA is under the control of the rolA promoter, which is induced in stationary phase and acidic condi-
tions, whereas in pRD20 the genes are under control of the strong constitutive promoter pcat (chloramphenicol). 

The aim of our study was to investigate potential effects of these genetically engineered Rhizobium leguminosarum strains on microbial diver-
sity in the rhizosphere of Pisum sativum. Changes in bacterial and fungal community composition were evaluated by DGGE analyses of
PCR- and RT-PCR-amplified 16S and 18S rDNA. The composition of nitrogen-fixing populations was investigated by DGGE analyses of
PCR-amplified nifH gene. The evaluation of DGGE profiles was performed by means of the Dice similarity coefficient based on the band
position, i.e. presence or absence of a band and unweighted pair group method using arithmetic averages (UPGMA). To analyse the effects
of the different approaches on the bacterial and fungal diversity we used the Shannon–Weaver index. Furthermore, 16S, 18S rDNA and nifH
fragments were cloned and sequenced and a phylogenetic analysis was performed. 

The data suggest that the strain harbouring pBBRIAA had an effect only on the total and active part of the bacterial community in the rhizos-
phere of Pisum sativum, whereas both genetically modified Rhizobium strains (containing pRD20 and pBBRIAA) had an impact on the total
and active fungal community.
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Bacterial communities in the rhizosphere and geocaulosphere of potatoes affected by zeaxanthin expression?
Weinert Nicole1, Gottwald Christine1, Meincke Remo2, Radl Viviane3, Schloter Michael3, Berg Gabriele2, Smalla Kornelia1

1 Federal Biological Research Centre for Agriculture Institute for plant virology, microbiology and bio Messeweg 11-12 38104 Braunschweig Germany
2 Graz University of Technology, Environmental Biotechnology, Petersgasse 12, A-8010 Graz, Austria
3 GSF-National Research Centre for Environment and Health, Ingolstädter Landstrasse 1, D-85764 Neuherberg/München, Germany

The influence of transgenic zeaxanthin-expressing potatoes on the bacterial communities in the rhizosphere and geocaulosphere was asses-
sed by performing field tests on two different sites (Roggenstein 2005/Oberviehhausen 2006). In contrast to earlier studies two transgenic
clones were compared with the parental line and four commercial cultivars. Potatoes were planted in six replicated plots per treatment.
Rhizosphere samples were taken at three development stages (EC30, EC60, EC90). To study bacterial communities in the geocaulosphere
the peel of tubers from five different potato plants was obtained. Possible effects on the antagonistic potential were analysed with culture-
dependent methods using CFU-counts, dual-culture assays against three major potato pathogens (Rhizoctonia solani AG3, Verticillium dah-
liae V25 and Phytophthora infestans) and tests for enzymatic activity. A total number of 2739 isolates obtained from potato rhizosphere and
geocaulosphere samples taken in Oberviehhausen was analysed, as well as additional 1953 isolates from samples taken in Roggenstein.
CFU-counts revealed site effects as well as cultivar effects. In Oberviehhausen highest values of antagonistic bacteria against all three patho-
gens could be observed for the second sampling time, with the number of antagonists against P. infestans being highest throughout all three
sampling times. A higher antagonistic potential in the rhizosphere compared to the geocaulosphere could also be observed. The tests for
enzymatic activity partly revealed strong differences between the two sampling sites, but these correlated well with the nature of obtained
isolates. The structural diversity of rhizosphere and geocaulosphere samples was compared by DGGE analysis of the 16S-rRNA gene and
group-specific amplifications. While the majority of bands could be detected in the rhizosphere and geocaulosphere of all samples, some
ribotypes were characteristic for particular cultivars and will be further characterized by sequencing. The present data set does not indicate
changes in the bacterial community which exceeds natural variation between cultivars or sites.
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Impact of transgenic potatoes with overproduction of zeaxanthin on rhizosphere processes and soil quality in
agricultural production
Neumann Günter1, Kania Angelika1, Weinert Nicole2, Smalla Kornelia2, Meincke Remo3, Berg Gabriele3, Ros Barbara4, Block Anette4, Mohler Volker4,
Dong Xia 4, Wenzel Gerhard4, Munch Jean-Charles5, Radl Viviane5, Schloter Michael5

1 Hohenheim University Institute of Plant Nutrition Institute of Plant Nutrition (330) 70599 Stuttgart Germany
2 Federal Biological Research Centre, BBA, Braunscheig
3 Institute of Environmental Biotechnology, Technical University Graz, Austria
4 Chair of Plant Breeding, Technical University Munich
5 Chair of Soil Ecology , Technical University Munich, Germany

Potatoes with transgenic, tuber-specific suppression of zeaxanthin turn-over (zeaxantin epoxidase), associated with incrased accumulation
of zeaxanthin in the tuber tissue are discussed as a functional food approach for improved human dietary supply with zeaxanthin as a criti-
cal factor, counteracting age-related macula degeneration. 

Using these transgenic potatoes as a model system for crops with modified biosynthetic properties, a multidisciplinary research project inves-
tigates the potential impact on rhizosphere-, and soil-microbial processes involved in nitrogen cycling and litter degradation, the diversity of
fungal and bacterial populations in the rhizosphere and causal relationships with root exudation, rhizosphere chemistry, the plant-nutritional
status and possible physiological alterations. Over a three-year investigation period, field experiments are conducted on two different sites,
comparing not only the transgenic clones with the corresponding parental variety Baltica but also with five additional commercial potato varie-
ties to assess the range of variability within different cultivars. Potential rotation effects, acting via litter degradation are investigated using
winter wheat as subsequent crop. First results originating from two field experiments during two vegetation periods are presented.
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Decomposition of genetically modified Roundup Ready soybeans and entry of DNA into soil
Levy-Booth David1, Campbell Rachel2, Hart Miranda3, Gulden Robert2, Powell Jeff4, Klironomos John4, Pauls Peter2, Swanton Clarence2, Trevors
Jack3, Dunfield Kari5

1 University of Guelph Environmental Biology 50 Stone Rd. E N1G 2W1 Guelph ON Canada
2 Department of Plant Agriculture, University of Guelph
3 Department of Environmental Biology, University of Guelph
4 Department of Integrative Biology, University of Guelph
5 Department of Land Resource Science, University of Guelph

During the decomposition of transgenic herbicide tolerant (THT) soybeans, DNA and nutrients enter the soil environment. Concerns regar-
ding alterations to the soil microbial community including natural transformation of soil bacteria by recombinant DNA have prompted an inves-
tigation of the decomposition of GM soybean biomass and the entry of DNA into soil. A plant litterbag study was designed to monitor the
decomposition of GM Roundup Ready® (RR) soybeans and the entry and persistence of DNA into soil from decomposing plant tissue. Leaf
biomass was obtained from RR soybean (OAC Raptor), genetically modified to tolerate glyphosate through the insertion of four CP4 epsps
genes, and its conventional (OAC Bayfield) sister line. Two grams of plant tissue was placed in 0.5 mm fiberglass mesh litterbags and embed-
ded in soil microcosms for 30 days. The microcosms were incubated in 10/15oC, 16/8 hour day/night cycles at 60% water holding capacity.
Decomposition was measured by plant dry weight. Persistence of both a recombinant (CP4 epsps) and non-recombinant (soybean lectin)
gene was monitored in the plant tissue and in the soil within 1 cm below the litterbag with real-time PCR. The experiment was repeated with
mature root and stem biomass for 80 days. In the litterbag studies, neither leaf nor root/stem microcosm decomposition rates were impac-
ted by plant variety. Both the CP4 epsps and the soybean lectin gene within GM soybean leaf biomass were not detected past 22 days. Both
genes were both detected in root/stem biomass of GM soybean after 42 days, although at concentrations below the theoretical limit of quan-
tification (25 gene copies g-1 soil). In the soil under both sister lines, the number of CP4 epsps and soybean lectin gene copies g-1 soil fell
below theoretical quantification limits after 22 days for both leaf and root/stem biomass trials. In field soils that had contained RR
soybean/corn rotation for 4 years, both CP4 epsps and soybean lectin genes were primarily detected in the largest (>2000 µm) aggregate
size class at log gene copy numbers g-1 soil of 4.23-3.93 and 5.58-4.82, respectively. It is hypothesized that this is due to the protection of
plant tissues within soil aggregates. Our research showed that DNA was rapidly degraded in the soil surrounding decomposing soybean resi-
dues, but may persist in soil aggregates. 
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