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Molecular assessment of physiological status and field survival of Pseudomonas fluorescens SBW25
Jansson Janet1, Jäderlund Lotta1, Hellman Maria1, Maraha Ninwe2, VerBerkmoes Nathan3

1 Swedish University of Agricultural Sciences Microbiology Box 7025, Genetics Center SE-750 07 Uppsala Uppsala Sweden
2 Södertörn University College, Huddinge, Sweden
3 Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA

Pseudomonas fluorescens SBW25 is a rhizosphere colonizing bacterium with plant growth promoting properties. We used several state-of-
the-art and novel molecular tools to monitor the cell physiology of this bacterium in soil microcosms, in a field trial and under different stress
conditions. This bacterium was tagged with a novel non-antibiotic, triple marker gene cassette encoding green fluorescent protein (GFP),
bacterial luciferase, and tellurite resistance to enable the cells to be specifically monitored during the first field release of a genetically modi-
fied microorganism (GMM) in Sweden. The cells were inoculated onto winter wheat seeds naturally infected with Microdochium nivale (cau-
sative agent of snow mold) prior to planting. SBW25 colonization was monitored on roots, seeds and shoots, by plate counting on tellurite
selective medium, luminometry and fluorescence microscopy, based on the respective phenotypes of the triple marker system. The cells per-
sisted and were active on all plant parts, but primarily on the seed, and surprisingly the cells were still found at high levels on all plant parts
after winter. In addition, the impact of the GMM inoculation on the indigenous bacterial and fungal microbiota was monitored by terminal-res-
triction fragment length polymorphism (T-RFLP). Negligible impacts of the GMM treatment were found, by comparison to inoculation with the
wild type strain, but there were temporal differences in the microbiota during the field trial. The physiological status of the cells in soil micro-
cosms was assessed by use of viability stains in combination with enumeration of GFP fluorescent cells by flow cytometry. The majority of
the cells in soil were found to enter a presumed dormant physiological status. This approach was also used to determine the impact of star-
vation conditions on the physiological status of the cells. In addition, we used shotgun proteomics to assess proteins that were expressed
under starvation conditions. The cells differentially expressed several proteins that were involved with chemotaxis and motility during carbon
and nitrogen starvation suggesting that their response to nutrient deprivation was to actively search for nutrients. The shotgun approach also
enabled rapid identification of thousands of proteins and elucidated the core proteome of P. fluorescens SBW25 by comparison to published
genome sequence information.
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Routine Fluorescence in situ hybridization in soil
Bertaux Joanne1, Gloger Ulrike1, Schmid Michael2, Hartmann Anton2, Scheu Stefan1

1 Technical University of Darmstadt, Zoooekologie, Fachbereich Biologie, Schnittspahnstr. 3, 64287 Darmstadt, Germany
2 Microbe-Plant Interactions in the Rhizosphere of Crop Plants, GSF - Institut für Bodenökologie, Ingolstädter Landstraße 1, D-85764 Neuherberg,
Germany

Several drawbacks have limited the adoption of Fluorescence in situ hybridization (FISH) for routine analysis of soil systems: in particular,
the high autofluorescence of soil particles hampers the detection of FISH-labelled bacteria and reliable statistical analyses require the coun-
ting of several hundreds of bacteria. We present a new protocol that allows to process a high number of samples and to achieve a time effi-
cient characterization of soil bacterial communities. Nycodenz was used to eliminate soil particles by buoyant density centrifugation and
Na2EDTA to improve the detachment of the bacteria from the soil particles, increasing the number of bacteria observed by 49%. Silicon
grease coated slides were used, allowing a very time efficient hybridization of the samples. Finally, we implemented semi-automated enume-
ration of the bacteria using Image J with user optimized macros concatenating the steps of the image analysis and accelerating the coun-
ting procedure. 

The software-assisted bacterial counts statistically matched eye-counts of the same images and allowed to count 880 DAPI stained bacte-
ria per ten images, and up to 1238 when Na2EDTA was used as an extractant. This compares to only 88 bacteria per ten images when using
a soil slurry protocol. Fifty-five percent of the bacteria were co-labelled with the FISH probe specific for the domain Bacteria, which is in accor-
dance with recent FISH studies of bacterial populations in bulk soil. The proposed method allowed to analyse 30 soil samples within one
week, including the enumeration of 51,804 FISH and DAPI-labelled bacteria in 300 images in 7 h 34 min.

A further advantage of our protocol is that any laboratory equipped for FISH can easily use it since (1) we have reduced the costs related to
the use of Nycodenz, (2) the preparation of silicon grease coated slides represents no cost, (3) Image J is a freely available software, and
(4) writing macros in Image J does not require any special skills in informatics. As an illustration, we will present how we applied this proto-
col to the study effects of Protozoan grazing on bacterial communities in the rhizosphere.
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Carbon isotopes of phospholipid fatty acids reveal fungal metabolism
Scandellari Francesca1, Hobbie Erik A.2, Ouimette Andrew P.2, Peters Julia2, Stucker Valerie2

1 University of Bologna Department of fruit trees and woody plants science viale Fanin 46 40127 Bologna Italy
2 Complex Systems Research Center, University of New Hampshire, Durham, NH 03824, USA

Phospholipid fatty acids (PLFAs) are integral components of cell membranes, with different PLFAs specific for different microbial taxa. They
are rapidly metabolized when a cell dies and can therefore be a useful marker of living microbial biomass. Tracking the synthesis of PLFAs
can accordingly shed light on microbial functioning in the soil environment. In the work presented here, we combined PLFA analysis with a
stable isotope labelling approach to unravel the synthesis of fungal PLFAs from 13C-labeled glucose. The distribution of 13C among fungal
PLFAs reflects the patterns of carbon incorporation in cells. Glucose enriched in 13C at specific intramolecular positions was provided to cul-
tured fungi as the sole carbon source. The isotopic content of different PLFAs was analysed using gas chromatography-isotope ratio mass
spectrometry, allowing the metabolism of the supplied glucose and the synthesized PLFAs to be studied in great detail. Three strains of ecto-
mycorrhizal fungi, Suillus pungens, Suillus variegatus and Tricholoma flavovirens were grown in modified Melin-Norkrans media with 1% of
the supplied glucose as position-specific 13C-labeled glucose. PLFAs were extracted from the mature mycelia and analyzed by GC-IRMS to
determine PLFA fingerprinting and the distribution of 13C within them. All strains had qualitatively similar 13C enrichment patterns in PLFAs
among the six different glucose forms, with C6 > C5 > C2, C1 > C3 < C4. Very little C4 carbon was incorporated, demonstrating the primary
operation of glycolysis and the pentose phosphate pathway in glucose assimilation. We estimate that about one-third of glucose was pro-
cessed by the pentose phosphate pathway prior to acetyl-coA formation and lipid synthesis. Parallel natural abundance cultures of fungi sug-
gest that the physiological information in the tracer experiments is also present in natural abundance 13C patterns of fungal lipids.
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Nano-scale secondary ion mass spectrometry – A new technique in rhizosphere research 
Herrmann Anke Marianne1, Clode Peta L2, Kilburn Matt R2, Jones David L3, Stockdale Elizabeth A4, Murphy Daniel V5

1 Newcastle University Institute for Research on Environment and Sustaina Devonshire Building NE1 7RU Newcastle upon Tyne United Kingdom
2 The Centre for Microscopy, Characterization and Analysis, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia
3 School of Agricultural and Forest Sciences, University of Wales, Bangor, Gwynedd LL57 2UW, UK
4 School of Agriculture, Food and Rural Development, King George VI Building, University of Newcastle, Newcastle upon Tyne, NE1 7RU, UK
5 School of Earth and Geographical Sciences, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia

The rhizosphere is a highly complex soil micro-habitat that is structurally heterogeneous across a wide range of spatio-temporal scales. Thus,
we are confronted with the challenge of how to deal both conceptually and experimentally with such a high degree of diversity and array of
interactions. A major obstacle to progress is the lack of techniques of adequate sensitivity and resolution for data collection needed to fur-
ther our understanding of rhizosphere ecology in situ at relevant scales.

Nano-Secondary Ion Mass Spectrometry (NanoSIMS) is a cutting edge technology linking high resolution microscopy with isotopic analysis,
which allows precise, spatially-explicit, elemental and isotopic analysis at micro- and nanoscale. The power of NanoSIMS lies in the ability
of the instrument to distinguish stable isotopes of elements with a high sensitivity, i.e. concentrations in parts per million can be detected.
The level of spatial resolution achievable is better than 50 nm (133Cs+ primary beam) with NanoSIMS, a significant improvement on other SIMS
instruments and on X-ray micro-analytical techniques. These instruments have been applied to studies of presolar materials from meteori-
tes, in material science, geology and mineralogy as well as biology. Recently, we have demonstrated the potential of NanoSIMS to explore
in situ the biophysical interface in soils (Herrmann et al., 2007).

We will present our recent findings illustrating the capacity of NanoSIMS to improve our fundamental understanding of rhizosphere ecology,
along with our experiences in the methodological approaches that need consideration with respect to experimental design and sample pre-
paration.

Herrmann, AM, Clode, PL, Fletcher, IR, Nunan N, Stockdale, EA, O'Donnell, AG, Murphy, DV, 2007. A novel method for the study of the bio-
physical interface in soils using nano-scale secondary ion mass spectrometry. Rapid Communications in Mass Spectrometry 21, 29-34.
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Immunochemical revealing of soil and rhizosphere bacteria
Burygin Gennady, Shirokov Alexander A., Krasov Alexander I., Shchyogolev Sergei Yu., Matora Larisa Yu.

Institute of Biochemistry and Physiology of Plants Laboratory of Physical Chemistry of Cellular Struc pr. Entuziastov, 13 410049 Saratov Russia

One of the most important factors influencing plant development is the microbial environment of plant roots. The species composition and
the numbers of representatives of each microbial community member are extremely important. Soil, the rhizosphere, and the root interior are
rather complicated systems for identification and counting of bacteria. To date, no optimal tools have been developed for bacterial monito-
ring in objects of such kind. The search for novel methods of bacterium detection (as well as the enhancement of effectiveness of the exis-
ting ones) is a topical problem in the investigation of soil and rhizosphere bacteria.

We have developed procedures for identification and quantitative evaluation of bacteria in soil and in the rhizosphere that are based on the
enzyme-linked immunosorbent assay (ELISA). The key point of this approach is to obtain a set of antibodies of differing specificity. The plant-
growth-promoting bacteria of the genus Azospirillum have been most thoroughly explored by us. We have analyzed in detail the specificity
of surface antigens of the bacteria and have obtained strain specific antibodies to O-antigens for a number of strains, as well as antibodies
to the protein antigens, common for all azospirilla. The techniques developed by using with this object were successfully used for investiga-
tions of a variety of gram-negative (representatives of the genera Acidovorax, Alcaligenes, Ralstonia, Rhizobium, Sinorhizobium,
Xhantomonas) and gram-positive (Dietzia) free-living and rhizospheric bacteria. ELISA was very effective for detecting the bacteria in soil
and the rhizosphere in model and microfield experiments. These experiments were conducted with the use of two additional immunochemi-
cal methods: immunodiffusion and immunofluorescence microscopy. In contrast to these, ELISA allows one to evaluate the number of bac-
teria of a given species/strain in soil samples and on the root surface. In this case, the sensitivity of the method is 1000-10000 bacterial cells
in the sample, and the method effectiveness may be increased. This makes ELISA competitive with traditional and modern tools for the deter-
mination of the bacterial number, which are often unreliable for use with such a complex system as soil.

Acknowledgment: This work supported by grant NSh-6177.2006.4 (Support for Leading Scientific of the Russian Federation)
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Non-invasive and simultaneous 2D imaging of pH and O2 dynamics in the rhizosphere by use of a novel rhizo-
box for optical measurement, minimal-invasive sampling and experimental treatment
Blossfeld Stephan1, Gansert Dirk2, Kuhn Arnd J.3, Thiele Björn3, Lösch Rainer1

1 University of Duesseldorf Department of Geobotany Universitaetsstrasse 1 40225 Duesseldorf Germany
2 Georg-August University of Goettingen, Department of Ecology and Ecosystem Research, Untere Karspuele 2, 37073 Goettingen, Germany
3 Research Centre Juelich GmbH, Institute Phytosphere (ICG-3), Leo-Brandt-Strasse, 52428 Juelich, Germany

A novel optical chemical sensor was used for simultaneous, non-invasive quantitative visualization of gradients of pH and O2 concentration
([O2]) along and across roots of Juncus inflexus L. grown in submerged soil of a permanently flooded and temperature-controlled rhizobox.
The rhizobox was designed for multipurpose experimental treatments, non-invasive measurements, and sampling techniques in the root-rhi-
zosphere-soil interface. Compartmentation of different biogeochemical soil conditions allowed free-choice root ingrowth. Each soil compart-
ment is equipped with high-resolution raster access ports for minimal-invasive and sterile vacuum sampling of soil solution for capillary elec-
trophoretic (CE) analysis. We present novel results on the dynamic interaction between pH, O2 release, and root exudation in the root-rhi-
zosphere-soil interface during root growth at different soil acidity (pH 4.2, 5.8, 6.5). The experimental set-up revealed strong spatial and tem-
poral dynamics of O2-enriched halos of up to 40% of air saturation (115 µmol O2 L-1) around the root tips at 30 s intervals over a period of
more than eight weeks. Corresponding to root growth rates, the O2 halos moved through the anoxic soil with speeds between 0.3 to 0.6 mm
h-1. Assuming a simplified cylindrical geometry, the volume of the O2 halos ranged between 6 and 40 mm3. Although the short-term effect of
soil oxygenation was considerable, most of the O2 released from the roots was consumed within less than 24 h. It could be proven that late-
ral roots caused pronounced and constant soil oxygenation of up to 60% of air saturation (170 µmol O2 L-1). Oxygenation immediately star-
ted with lateral root growth and was clearly related to photosynthesis of the culms. Diurnal oscillation of [O2] around lateral roots reached up
to 15% of air saturation. At the root tips pH was lowered by up to 0.2 units. Acidification continued after root tips had passed by, but did not
exceed 0.4 pH units compared to the bulk soil. Concomitant CE analysis elucidated the metabolic strategy of diurnal acidification and nutrient
acquisition in the rhizosphere of J. inflexus. The novel optical hybrid sensor proved to be a powerful analytical tool for the quantitative visua-
lization of undisturbed bioprocess dynamics.
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Quantitification of functional microbial genes in three geomorphic soil classes in Victoria, Australia.
Hayden Helen1 2, Mele Pauline2

1 Department of Primary Industries Primary Industries Research Victoria (PIRVic) Victorian AgriBiosciences Centre, 1 Park Drive, Bu 3083 Melbourne
Victoria Australia
2 Primary Industries Research Victoria (PIRVic), Department of Primary Industries, Attwood Centre, 475 Mickleham Rd, Attwood, Victoria, 3049
Australia

The aim of this study was to assess the use of functional genes as a measure of soil functional performance (health), across a range of soil
classes, land-uses and management systems. Microbial communities play key roles in many soil biological processes including nutrient
cycling, disease suppression and phytohormone production. Investigations of these communities and the processes they contribute to are
thus important for understanding the capacity of soils to support plant growth. Soil samples were collected on a hierarchical scale from three
distinct climatic regions within Victoria (North West, North East and South West), and within those regions from three major soil classes
(Calcarosols, Dermosols and Sodosols), and within the soil classes from two contrasting land uses (managed and remnant vegetation). To
gain an understanding of the importance of N cycle genes in Victorian soils, nitrogenase (nifH), an enzyme produced by nitrogen-fixing bac-
teria to convert unreactive atmospheric nitrogen gas into ammonia, and ammonia monooxygenase (amoA), which is produced by nitrifying
bacteria to transform ammonia into nitrite, were targeted. Quantitative real-time PCR of 360 soil DNA samples revealed both amoA and nifH
were present at levels ranging from 10 copies to 1000 copies per nanogram of DNA in the three soil types. Relationships between the abun-
dance of these genes and soil class and land use are currently being determined. Furthermore we will specifically identify how gene abun-
dance data relates to standard soil chemical analyses. The quantitative PCR results will be incorporated with soil physical, chemical and
microbial biomass data for the different sites sampled into a comprehensive database with future applications towards a soil health diagnos-
tic package that accounts for functional traits. 
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New tools for motion analysis of time-lapse confocal laser scanning microscopy images: exploring the dyna-
mics of Arabidopsis root growth
Wuyts Nathalie1, Roberts Timothy J2, Bengough A. Glyn1, Bransby M. Fraser3, McKenna Stephen J2, Valentine Tracy A1, 
1 Scottish Crop Research Insitute Environment-Plant Interactions Errol Road DD2 5DA Invergowrie Dundee United Kingdom
2 School of Computing, University of Dundee, Dundee, DD1 4HN, UK
3 School of Engineering and Physical Sciences, University of Dundee, Dundee, DD1 4HN, UK

Existing methods using microscopy and digital imaging to investigate root morphogenesis and growth are typically limited in spatial and tem-
poral resolution, providing little detailed information on the dynamics of tissue and cell expansion. We have developed and applied a new
software tool - PlantVis - using methods from computer vision and statistical modelling, for automated motion analysis of image sequences
generated by time-lapse confocal laser scanning microscopy (CLSM). CLSM allows for optical sectioning and therefore imaging of living root
tissue and cells in three dimensions. PlantVis estimates the displacements over time of local regions of pixels across the image sequence.
It also provides an indication of the certainty of each such estimate. High certainty will be indicated wherever local image structure and dyna-
mics carry sufficient information to disambiguate the visual motion (given the modelling assumptions made by PlantVis). The resulting data
enable detailed visualisation of the displacement of root tissue layers and even cells and cell walls, depending on the magnification. The data
can be easily imported into statistical software for further analysis such as calculation of velocity profiles along the root axis. Currently, we
are using the tool to analyse changes in root growth dynamics and cell expansion in the elongation zone of Arabidopsis thaliana roots under
the influence of abiotic stresses, including mechanical impedance, but potential applications are numerous and diverse. Motion analysis is
not restricted to primary roots; time-lapse images of lateral root primordia, lateral roots and root hairs can be analysed provided that motion
occurs in the focal plane of the lens. The three dimensional nature of root growth, due to circumnutation or gravitropic responses, is a strong
motivation for the development of 3-D tracking procedures. Progress towards estimating motion of roots in 3-D will be discussed.

Acknowledgments: Funding by the Biotechnology and Biological Sciences Research Council (BBSRC).
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Using stable isotope techniques to investigate above- and belowground carbon transformation processes in
model plant - soil ecosystems
Esperschuetz Juergen, Gattinger Andreas, Winkler Jana-Barbro, Buegger Franz, Schloter Michael 

GSF - National Research Center for Environment and Institute of Soil Ecology Ingolstädter Landstraße 1 85764 Neuherberg Bavaria Germany

Climatic changes like elevated CO2 and O3 concentrations in the atmosphere, due to urban and industrial expansions, are known to have a
great influence on plants. Especially influences on trees and changes in their metabolism have been described by many authors. It is likely
that these changes also lead to shifts in root exudation, and consequently influence the microbes in mycorhizosphere and bulk soil.
Examining fluxes between shoot, root and mycorhizosphere, stable isotopes have attained high application: By connecting carbon-ratios
(13C/12C) with molecular and biochemical biomarkers, it is possible to gain knowledge about kinetics of exudate allocation in the (microbial)
food web. 

In a low enriched 13C-CO2 atmosphere (+170 ‰ V-PDB 13C) we labelled young beech trees (Fagus sylvatica L.) for 20 days to follow the
heavy 13C carbon into the plant as well as in the mycorhizosphere. 13C-Allocation in leaves, shoot and roots was detected immediately after
initiation of labelling. Using liquid chromatography linked with Isotope ratio mass spectrometry (LC-IRMS) 13C-measurement in the microbial
biomass was carried out. Already after 12 hours since labelling starts, a clear signal was visible in the microbial biomass. Microbial commu-
nities were specified analysing phospholipid fatty acids (PLFA) and phospholipid ether lipids (PLEL). Isotope ratios in lipids were examined
using gas chromatograph/mass spectrometry coupled with isotope ratio mass spectrometry (GC/MS–C–IRMS). Individual biomarker fatty
acids for bacteria, fungi and protozoa show significant 13C enrichment, indicating that these organisms are involved in the degradation of the
exudates. Comparing the results obtained in ambient atmosphere, with results we got from beech trees grown under elevated ozone, higher
exudation rates were found for the latter one, resulting in higher label incorporation into microbes of the mycorrhizosphere.
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Plant juices are proper culture media for growth and biomass production of rhizospheric microorganisms
Eman Hamed2, Mervat Hamza2, Mohamed Abbas2, Mahmood Tahan3, Mohamed Fayez2, Mohamed Monib2, Hegazi Nabil1

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

The percentage of non-culturable RMO is getting greater, and the need arises to explore innovative culture media. The idea of using plant
juices is introduced. The tested desert plant Mesenbryanthemum crystallinum is a wild plant and of weedy nature. It is of profuse and juicy
biomass that recovers enough juice of suitable nutritional composition. On surface-inoculated agar plates of plant juice-base culture medium,
prepared from the crude juice as such and its successive water dilutions, all tested strains of A. brasilense, K. pneumoniae and E. colaceae
grew nicely and exhibited characteristic colonies for c.f.u estimation. In liquid batch cultures, the doubling time of cells grown in the succes-
sive diluted plant juice-based batch cultures was similar, and even shorter in some cases, to those grown in the reference combined carbon
source medium (CCM). The shortest doubling times were 21.0, 25.2 and 26.4 min for cells of A. brasilense, E. colaceae and K. pneuominae
grown respectively in the plant juice batch cultures. 

Total RMO populations were estimated in the root region of a number of desert plants, using agar culture media of the diluted plant-juice and
reference culture media, soil-extract agar, nutrient agar and CCM. Ecto-rhizosphere was the richest (> 108-10 10 cfu g-1 dwt root) of the root
region, and the endo-rhizosphere population was plant dependent. The plant juice was superior in recovering the endophytic RMO, while soil
extract was the most favourable for free soil population. As to the ecto-rhizosphere, plant juice was as good as nutrient agar and CCM media,
being significantly higher than the soil extract medium. Data are also available on the inclusion of the effluent of olive oil industry, as plant
juice waste, in culture media for growth and biomass production of RMO.

Acknowledgements: The studies were financed by the Egyptian Ministry of Agriculture and Land Reclamation through The French- Egyptian
Project BLAFE/ FC/31/3-94 "The national project on agro-technologies based on biological nitrogen fixation for the development of Sinai agri-
culture".
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Determination of β - glucosidase activity in soil from Stevia rebaudiana Bertoni crops through the use of fluo-
rogenic substrates
Gutierrez Viviana, Pinzon Angela, Casas Jaime, Mercado Marcela, Martínez María M

Pontificia Universidad Javeriana Microbiology Cra. 7No. 43-82 of 608 02 Bogotá Cundinamarca Colombia

The cellulolytic activity is one of the biologic parameters used to indicate the quality of soil, this is why is of great importance to develop ade-
quate techniques for its quantification. As a study done for the first time in Colombia, it was determined the cellulolytic activity in soil from a
Stevia rebaudiana Bertoni crop using the fraction β – Glucosidase, employing a fluorogenic technique which utilizes 4-methylumbelliferil β
– glucose (MUF) as substrate; this technique was compared with the quantitative technique of Somogyi Nelson (SN). As control of the pro-
cess it was used sediment, the matrix originally described for the fluorogenic procedure. The soil and sediments samples were collected and
analyzed using physicochemical methods; besides, it was done the isolation and reproduction of the celullolytic microorganism which pre-
sented major activity in carboximethylcellulose (CMC) from the soil samples. Three treatments were proposed to the soil matrix as well as
to the sediment: T1: Soil (control); T2: Soil + crude enzymatic extract (2,34 UC); T3: soil + Streptomyces sp (59*103 con/ml). The incubation
was done at room temperature, the moisture was maintained at 4,6%, during 60 days making periodical tests every 15 days in order to ana-
lyze enzymatic activity for established methods (MUF and SN). The soil analysis indicated a pH of 5.4 and 1.77% M.O, presence of Fe (50
ppm), Cu (0.50 ppm) and Zn (1.30 ppm) and sediment pH 6.92 and 6.15% M.O, presence of Fe (0.56%), Cu (7.9 ppm) and Zn (136 ppm).
The maximum activity detected was in the 30th day; in the soil for SN it was of 0.465 UC and 0.408 UC in the sediment; for MUF in the soil
was 3.59*10-5 UC in the sediment. There was no evidence of differential effects in the enzymatic activity with none of the treatments used,
and there was not statistic correlation between the methods (<16%), although the fluorogenic technique presented a major sensibility and
specificity compared to the Somogyi Nelson technique, even though there is a chance of the using the Somogyi technique in future studies.

P-476

Field monitoring of rice rhizosphere dynamics in saline soils of NE Thailand
Maeght Jean-Luc1, Pierret Alain2, Sanwangsri Montri1, Hammecker Claude1

1 IRD DRV UR Solutions IRD-LDD Phaholyothin Road 10900 Bangkok Thailand
2 IRD-IWMI-NAFRI, c/o Ambassade de France BP 06, Vientiane, Lao PDR

A vast proportion of North-east Thailand soils are acidic and marginally fertile. In addition, 17% of these soils are affected by salinity. In this
area, white rice is a staple food for approx. 20 million inhabitants, but soil salinisation decreases rice production and is a major threat to the
region's agricultural future. Recent work showed that simple practices such as levelling out the soil surface prior to planting combined with
sustained flooded conditions throughout the growing cycle could alleviate the extent and magnitude of sub-surface salinisation (Maeght et
al., 2005). In an effort to unravel the effect of such adverse soil conditions on rice root growth and the associated rhizospheric processes, a
special root window device – adapted to flooded conditions - was designed and tested in rice paddy plots located in Pra Yuhn, near Khon
Kaen, NE Thailand. Three locations variably affected by salinity were investigated with root windows (two windows per location). Root win-
dows , i.e. glass plates installed against a soil profile (either vertically or at an angle), have long been used to observe root growth in the field
(e.g McDougall, 1916). For this study, this simple device had to be altered for use under submerged conditions: practically, a waterproof
enclosure made out of aluminium sheet with a glass window fitted on its upper side was inserted 30 cm into the soil at a 45 degree angle.
The enclosure extended ~50 cm above ground level so that its rim was always above water level while the paddy fields were flooded. The
enclosure's dimensions were such that a flatbed scanner could be used to record images of root development and senescence in the soil
profile at regular intervals (every week during 8 months). In addition, to monitor changes in redox potential associated with rhizospheric acti-
vity, Eh probes were inserted along two root windows. Here we present the main results of this preliminary experiment and discuss the poten-
tial of the newly developed device.

Maeght, J.L. et al. (2005) Salinity control by farmers practices in sandy soil, MTSS conference, Khon Kaen, Thailand.
Mc Dougall W.B. (1916) The growth of forest tree roots. Am. J. Bot. 3, 384-392 
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Organic acid extraction from rhizosphere soil: effect of field-moist, dried and frozen samples
Mimmo Tanja, Ghizzi Massimiliano, Marzadori Claudio, Gessa Carlo Emanuele

University of Bologna Department of Agroenvironmental Sciences and Techn Viale Fanin 40 40127 Bologna Italy

Organic acids are implicated in many soil processes. Soil is a very dynamic environment and once organic acids are released by roots and/or
microbes their fate in the soil can be complex. Information about their concentration, kind and origin is still lacking due to difficulties in expe-
rimenting in the rhizosphere as well as to the complex nature of the organic acids themselves. Soil sampling and soil treatment seem to be
crucial issues. Up to now, organic acids were extracted from dried soil samples. The possibility of potential pitfalls due to different soil sam-
ple treatment has not yet been considered. For example, air drying brings about instant and major changes toward overall equilibrium conver-
ting some portions of the soil into highly, unstable or reactive soil material. Hence, the objective of the present work was to investigate the
effect of field-moist, dried and frozen rhizosphere soil samples on organic acid extraction. 

Two soil types were used in this study, one clayey-loamy (Typic Udochrept) and one sandy (Aquic Ustifluvent) soil. Fresh soil was collected
at field-moist condition, passed through a 4mm sieve and transferred into plastic pots (d=10cm). Pregerminated seeds of Lupinus albus L.
were transferred in the pots and grown in a climate chamber for 4 weeks. Plants were irrigated every other day with a modified Hoagland
nutrient solution. After 4 weeks the rhizosphere soil was sampled and divided into 5 fractions (as is, i.e. considered as field-moist, air-dried,
oven-dried, stored at +4°C and stored at –20°C). Each fraction was used for organic acid extraction (1:4 w/v). Two extractants were tested:
water and 10 mM NaH2PO4. Organic acid concentration was consequently determined by reversed-phase high performance liquid chroma-
tography (HPLC) on a dC18 column.

The two different extractants do not seem to influence organic acid extraction. Soil sample treatment however, influences considerably both
quantitatively and qualitatively organic acid extraction: air-drying and oven-drying of the soil samples increased the solubility and thus the
extractability of organic acids. It seems thus fundamental to consider sample treatment prior chemical analysis as the results might be mis-
leading.
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Qualitative and quantitative detection of the colonization of a plant growth promoting bacterium, Burkholderia
phytofirmans, directly from its host roots using GFP and real-time PCR
Xu Li, Lazarovits George 

Agriculture and Agri-food Canada, Southern Crop pr 1391 Sanford St N5V 4T3 London Ontario Canada

To localize and quantify Burkholderia phytofirmans strain PsJN, a plant growth stimulating bacterium, a Tn5 based GFP gene was inserted
into the chromosome of this strain. The real-time PCR assay was developed based on the primers and probes that were specific to the GFP
region. It was found that the real-time PCR assay quantified root associated bacterial strain PsJN with high accuracy compared with dilution
plate assay by 10 fold difference. The limit of the real-time PCR assay for detecting bacterial root colonization was correspondent to the limit
for detecting bacterial genomic DNA. Using GFP fluorescence and real-time PCR, we proved there was a gradual decrease in the bacterial
population associated with roots when they were transplanted from tissue culture condition to a potting mix in greenhouse.

P-1201

A quick method to determine root biomass distribution in diameter classes
Blouin Manuel1, Barot Sébastien2, Roumet Catherine1

1 Université Paris 12 UMR BIOSOL Ecophysiologie Moléculaire 61 avenue du Général De Gaulle 94010 Créteil France
2 UMR BIOSOL, Laboratoire d'Ecologie des Sols Tropicaux, IRD, 93143 Bondy, France.

Describing root biomass distribution in diameter classes is an efficient way to understand the relation between a plant and its surrounding
soil, as it gives fundamental information on the constraints affecting plant growth. For example, mycorrhizas generally tend to reduce fine
root biomass proportion and thus increase the average root diameter, whereas Plant Growth Promoting Bacteria generally increase thick root
biomass proportion, which results in a reduced average diameter. Current methods used for measurement of biomass distribution in diame-
ter classes are not well adapted to large root systems, and are thus restricted to the analysis of very young plants. A new quick method
(Blouin, Barot & Roumet, 2007) is proposed for the measurement of diameter distribution in large root systems. It is based on the one used
in soil science to assess soil particle size. Roots are dried, cut in a mixer and placed on a sieve column; biomass distribution according to
root diameter is assessed by weighting the biomass recovered in each sieve. The validity of the method was tested by comparing the sie-
ving method results with those obtained on dried root systems with a digital image analysing system (WinRHIZO, Regent Instrument,
Quebec). A sensitivity analysis showed that the optimal rotation speed of the mixer was 2000 rpm and the optimal sieving time was 22 minu-
tes. The actual diameter distribution of artificial root mixtures of known root diameter distribution was closely correlated with the root biomass
distribution measured by the sieving method (r2 = 0.87). Its application to four identical root systems resulted in values of biomass per dia-
meter class with small standard errors. It is the first method allowing directly to measure biomass (and not length) distribution in diameter
classes. It is quick, cheap, and does not require root system sub-sampling; consequently, large root systems which were almost never stu-
died can now be analysed. This method is thus adequate for repeated measurements of root diameter distribution in agronomical or ecolo-
gical research, particularly when plants are grown in pots or in the field.

Blouin, M., Barot, S., & Roumet, C. (2007) A quick method to determine root biomass distribution in diameter classes. Plant Soil, 290, 371-
381.
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Mapping the Sinorhizobium meliloti 1021 solute binding protein-dependent transportome.
Mauchline Tim, East Alison, Poole Philip

University of Reading SBS University of Reading RG6 6AJ Reading Berkshire United Kingdom

A promoter probe library of the solute binding protein transportome (ABC and TRAP transporters) of Sinorhizobium meliloti was created. We
examined the induction profile of these fusions using the reporter gene gfp and screened the library with over one hundred and fifty inducing
conditions. Using this approach we were able to identify inducers for 76 systems amounting to approximately 47% of the ABC uptake sys-
tems and 53% of the TRAP transporters in S. meliloti. Of these, 64 are previously uncharacterised transport systems in Rhizobia and 24
were induced by solutes not known to be transported by ABC or TRAP uptake systems in any organism. This work provides the first global
expression map of one of the largest transporter super families and an invaluable tool to understand their solute specificity, and the relations-
hips between members of large paralogous families. In addition, this set of fusions provides a unique set of biosensors with which to explore
soil and rhizosphere environments. 

*In collaboration with Turlough Finan and his group in McMaster University, Canada.

T.H. Mauchline, J.E. Fowler, A.K. East, A.L. Sartor, R. Zaheer, A.H.F. Hosie, P.S. Poole & T.M. Finan. Mapping the Sinorhizobium meliloti
1021 solute binding protein-dependent transportome. PNAS. (2006),103, 17933-17938.

P-795

In-situ investigation of root exudate impacts on soil microbial diversity and activity
O'Callaghan Maureen1, Shi Shengjing2, Larson Stuart2, Condron Leo3, Jones Eirian2, Richardson Alan4, Smalley Darren5, Walter Christian6, Stewart
Alison2

1 AgResearch Biocontrol and Biosecurity PO Box 60 8022 Lincoln New Zealand
2 Bio-Protection, PO Box 84, Lincoln University, Canterbury, New Zealand
3 Agriculture and Life Sciences, PO Box 84, Lincoln University, Lincoln, New Zealand 
4 CSIRO Plant Industry, PO Box 1600 , Canberra , ACT, Australia 2601
5 AgResearch, PO Box 60, Lincoln, New Zealand
6 SCION - Next Generation Biomaterials, Private Bag 3020, Rotorua, New Zealand

Advances in understanding of rhizosphere processes require the continued development of appropriate in-situ methodology. The recently
commissioned New Zealand Biotron has been specifically designed and developed to enable detailed investigation of above- and below-
ground interactions at an appropriate scale under controlled environmental conditions. This includes developing capability to enable preci-
sion in-situ sampling of rhizosphere on a continued basis using a combination of rhizotron access ports, a remote controlled camera system,
and a precision sampling device. The rationale for developing this system, together with the many challenges faced in the development and
implementation of the various constituent components will be described and discussed. Radiata pine (Pinus radiata) seedlings are currently
growing in the Biotron, as part of a study examining the interactions between root exudates and rhizosphere community diversity and acti-
vity. A series of experiments were carried out as part of the Biotron commissioning process to evaluate and refine the rhizosphere sampling
system, and results from these experiments together with the most recent work carried out on radiata pine seedlings will be presented and
discussed.

P-827
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Method/s for the isolation and quantification of beneficial bacteria in the rhizosphere of crop plants
Mijajlovic Géraldine, Deaker Dr Rosalind, Kennedy Ivan R. 

SUNFix Centre for Nitrogen Fixation Faculty of Agriculture, Food and Natural Resources University of Sydney - Ross street building, AO3 2006
Sydney NSW Australia

The application of beneficial bacteria often referred to as plant growth-promoting rhizobacteria (PGPR) present an environmentally friendly
approach to enhancing crop productivity ultimately reducing the heavy application of fertilisers. Among the microbial mechanisms that
improve plant health and yield are fixation of atmospheric nitrogen, solubilisation of phosphate and production of phytohormones (e.g. auxins,
gibberellins). If PGPR inoculants represent a potential solution to improving crop yields, there should be quality control standards to relate
inoculum size to the positive plant physiological responses. However, it is difficult to determine the fate of introduced inocula in the rhizos-
phere. Microbiological, molecular and immunological methods used at present are not sufficiently developed to quantify viable cells of spe-
cific microorganisms from a highly biodiverse environment such as soil. The aim of this research is to develop methods for the quantification
of viable cells of specific PGPR from the rhizosphere and relate numbers to plant physiological responses. It is expected that this will contri-
bute to the development of quality control standards for inoculants containing PGPR.

Citrobacter freundii has been shown to improve plant root growth in wheat and rice. In a sterile system, shoot and root dry weights of wheat
increased with increasing inoculum size providing a useful model system to study beneficial plant microbe interactions. Furthermore, bacte-
ria isolated from roots using microbiological culture media indicated that plant growth promotion was closely related to the number of bacte-
ria colonising the rhizosphere. An immunological technique is being developed to count viable cells of C. freundii that relies on the use of
magnetic beads coated with antibodies specific to the same strain. Beads with attached bacteria are then recovered using a magnet.
Immunomagnetic beads have been successfully used for the isolation and/or purification of microorganisms from food, water, clinical and
soil samples. 

Observations using Scanning Electron Microscopy indicate that beads may be aggregating and research is currently focussed on reducing
clumping of the bead-bacteria complex which may result in an underestimation of bacterial numbers when plated onto selective medium.
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Proteome analysis on root secreted proteins
Tokutake Shunji2, Wasaki Jun1, Osaki Mitsuru2, Shinano Takuro1

1 CRIS, Hokkaido University N21, W10, Kitaku 0010021 Sapporo Hokkaido Japan
2 Graduate School of Agriculture, Hokkaido University

Several proteins, such as acid phosphatase, and chitinase are known to be secreted from plant root to the rhizosphere. The role of these
secreted protein is suggested to be very important for plant nutrient uptake and/or developing plant defence system for pathogen. Almost all
of the experiment which has been carried out for the evaluation of secreted protein from the roots are mainly screened on an interested acti-
vity under non-sterile condition. Therefore, we have decided to obtain sufficient knowledge overall role of plant root secreting protein in the
rhizosphere by applying proteome analysis. 

We have developed an aseptic plant growing system with hydroculture and rice plants (Oryza sativa L.) were used for the trial. Twenty-one
rice seedlings were grown in 500 ml culture solution containing complete nutrient solution (pH 5.2). The culture solution was renewed every
4 days so the pH decrease was observed up to 4.8. Culture solution was concentrated after passing 0.22 µm membrane filter then ultrafil-
trated (two times) to obtain about 1 ml concentrated solution. Proteins were precipitated by ice-cold trichloroacetic acid(TCA)/acetone solu-
tion (20% TCA, 0.14% DTT in acetone), then the precipitate was resolubilized with 50 µl Lysis buffer (7 M Urea, 2 M Thiourea, 10 mM Tris,
4% CHAPS, 65 mM DTT). The obtained protein solution was separated by two-dimensional electrophoresis. After staining with CBB, we
observed about 10 clear spots from the non-stressed with fully complete nutrient solution grown rice plant. Each spot was cut and digested
by trypsin. Digested peptides were applied to peptide mass fingerprinting using MALDI-TOF-MS. Obtained data were identified by MS-Fit
(http://prospector.ucsf.edu/ucsfhtml4.0/msfit.htm) and Mascot software (Perkins et al. 1999) against NCBI non-redundant database. Amino
acid sequences were successfully obtained from several spots and compared with those proteins in the amino acid sequence database in
NCBI BLAST. In the obtained proteins, chitinase and other unknown proteins (but annotated by rice genome database) are found. In the pre-
sentation we will discuss about the role of these proteins in the rhizosphere.

Perkins et al. 1999, Plant Cell, 12, 319-341.

P-719

Transcriptomic analysis of Rhizobium leguminosarum in the Pea rhizosphere
Ramachandran Vinoy Kumar1, Karunakaran R2, Poole Philip2

1 University of Reading AMS Wing, AMS, SBS, University of Reading RG66AJ Reading Berks United Kingdom
2 School of Biological Sciences University of Reading

The Legume-Rhizobium symbiosis, contributes approximately 65% of the total available nitrogen in the biosphere. Rhizobium leguminosa-
rum, an alpha-proteobacterium interacts with peas to form nodules, where they differentiate to nitrogen fixing organelles, termed bacteroids
that fix nitrogen. Establishing a symbiotic interaction is a complex process, which requires successful completion of many steps including
survival, colonisation, stimulating root cell division, invading plant roots and differentiation into bacteroids. This project takes the advantage
of the genome sequence of Rhizobium leguminosarum bv viciae 3841 (hereafter 3841) and the advent of microarray technology to study the
gene expression in the rhizosphere, which might shed lights on genes responsible for adaptation, root colonisation, nodule competitiveness,
plant specificity, carbohydrate and aromatic acid metabolism.

The work was designed to decipher the gene expression of 3841 in the rhizosphere by examining the gene expression pattern at different
post inoculation time points (1, 3 & 7dpi) on a 7day old pea seedling, 1 dpi on different aged plants (7d, 14d & 21d old plants) and on diffe-
rent host rhizosphere (Pea (cognate host), Alfalfa (legume host) and Sugar beet (Non-legume host)), and also the effect of pea root exudate
and hesperetin (flavonoid) on laboratory grown bacteria.

An in vitro sterile rhizosphere system was developed, and inoculated with 3841 cells for the stipulated post inoculation time period. Cells
were harvested from the rhizosphere and immersed in RNAlater, to preserve the mRNA. The cells were separated, lysed and total RNA was
extracted, amplified and microarray analysis was performed. Data analysis of the rhizosphere microarray showed upregulated genes coding
for aromatic acid metabolism, quorum sensing, stress related proteins, rhizosphere induced proteins, sugar transporters and hypothetical
proteins. Integration of all this expression profiles from the rhizosphere including other host rhizospheres helps us to identify sets of genes
which are expressed in any rhizosphere, specific to legume rhizosphere and genes specific to the pea rhizosphere. 

P-798
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Signature-Tagged Mutagenesis of Rhizobium leguminosarum
Seaman Jonathan, Mauchline Tim, Poole Philip

The University of Reading School of Biological Sciences AMS Building RG6 6AJ Reading Berkshire United Kingdom

Signature-Tagged Mutagenesis (STM) is an approach that was developed to rapidly screen large numbers of random transposon mutants
of pathogenic species, in which strains unable to colonise or persist within a host organism are lost from a pool of co-inoculated mutants and
easily identified when bacteria are recovered from the host. A library of 20,788 signature-tagged Rhizobium leguminosarum mutants has
been generated using 110 uniquely marked mini-transposons. These mutants can be co-inoculated into a system in pools containing one
mutant from each mini-transposon (up to 110 mutants per pool) and subsequently recovered. Missing strains can be identified by microar-
ray analysis. These mutants are currently being screened in the otherwise sterile rhizosphere of Pisum sativum cultivar Avola plants, to iden-
tify mutants competitively impaired in rhizosphere survival. This technique has a wide range of potential applications. For example, it can be
similarly applied to identify R. leguminosarum mutants impaired in competitive infection of a host plant in vivo, as well as mutants impaired
in survival under stress conditions in vitro.

P-797

Quantitative and qualitative determination of rhizodeposition and root respiration of maize with a combined lea-
ching and blowout system
Fischer Holger1, Mayer Axel2, Eckhardt Klaus-Uwe3, Leinweber Peter3, Fischer Klaus2, Neumann Günter4, Kuzyakov Yakov5

1 University of Hohenheim Institute of Soil Science and Land Evaluation Emil-Wolff-Str. 27 70593 Stuttgart Germany
2 FB VI-Geography/Geosciences, Analytical and Ecological Chemistry, University of Trier, 54286 Trier, Germany
3 Institute of Soil Science and Plant Nutrition, University of Rostock, 18051 Rostock, Germany
4 Institute of Plant Nutrition, University of Hohenheim, 70599 Stuttgart, Germany
5 Dept. of Agroecosystem Research, University of Bayreuth, 95440 Bayreuth, Germany

The quantitative and qualitative determination of belowground C-input is an unsolved problem of basic soil ecological research.
Rhizodeposition comprises the inputs that take place via diffusion as low molecular weight substances (mostly carboxylic acids, sugars,
amino acids) as well as the active secretion of mostly high molecular weight substances. In this case rhizodeposition serves for nutrient
acquisition via changes of the redox conditions and complexing of nutrients. On the other hand, CO2 is released to the soil from roots and
from soil microorganisms via respiration. To separate these two sources of C flux into soil we used the presented experiment.

Maize was cropped on soil with N-, P-, N+P-, or no fertilizer for three weeks. After labeling with 14CO2 for two hours the pots were simulta-
neously blown out and leached. With this procedure quantification of rhizodeposition (eluate) and root respiration (blown out and trapped as
CO2 in NaOH) was possible. Via comparative analysis of eluate samples with HPLC and Pyrolysis-Field Ion Mass Spectrometry (Py-FIMS)
the composition of the eluate was determined. 
14C activity related to total recovery in the eluate ranged from 0.29% (N-P fertilized variant) to 0.43% (not fertilized), while as CO2 0.52% (N-
P fertilized) to 1.47% (no fertilizer) of the added tracer were recovered within a leaching time of 5.2 h. Most of the 14C activity was found in
the plants (90.3-95.1%).

Obviously rhizodeposition of maize was increased strongly with low nutrient supply, while phenotypically no deficiency was observed.

P-734
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Optimization of pulse labelling techniques of plant shoots with 14CO2 or 13CO2 to study the belowground allo-
cation of recently assimilated Carbon
Robin Christophe

INRA UMR 1121 Agronomie et Environnement 2, Avenue de la Forêt de Haye 54505 Vandoeuvre les Nancy France

Labelling methods of photo-assimilates with 13C or 14CO2 are widely used to study the C transfer from the plant to belowground compartments
because they enable to trace root-released C in soils. The main constraints for such artificial labelling of plants are (i) air-tight separation of
roots from shoots that avoid CO2 fixation by the roots (PEPcase) or fixation on carbonates (ii) regulation of climatic and labelling parameters
(constant ratio of 14C/12C or 13C/12C) of the atmosphere around shoots. Those prerequisites, crucial in studies on recently assimilated C allo-
cation to rhizosphere, are not always taken into account in the recent papers. I present here a procedure preventing such inconvenients that
could distort data, as a consequence of an alteration of photosynthesis and C partitioning in the plant and rhizosphere. 

Prior to labelling, the belowground compartment is air-tightly separated from the labelling atmosphere with liquid silicon set between shoots
and roots. The 14CO2 (or 13CO2) is generated by the addition of NaH14CO3 (or NaH13CO3) in 1M lactic acid. CO2 and 14C specific activity of the
atmosphere in the labelling chamber are regulated with a β radiations scintillation detector coupled with an infra-red gas analyser (IRGA),
mass flow controller for 12CO2 and a peristaltic pump for 14CO2 from NaH14CO3. For 13C labelling, 12CO2 and 13CO2 can be regulated separa-
tely with a dedicated IRGA. The required 14C/12C or 13C/12C ratio is reached within 10 min. after the beginning of the labelling and remains
constant, regulated, as 12CO2, according to the shoot demand. The belowground compartment is continuously flushed with decarbonated air
at the input, and CO2 evolved from this compartment at the output is either measured with an IRGA or trapped for measurement of respired
12C, 14C or 13C. At the end of labelling, air in the chamber is forced to pass through a soda lime trap in order to decrease the 14C/12C or 13C/12C
ratio in the chamber, while 12CO2 is continuously injected in the chamber to compensate for trapping and shoot uptake. As a part of the 14C
(or 13C) respired by the shoots during the chase period can be re-fixed during the chase period, the 14C (or 13C) is continuously fixed in a soda
lime trap. Thus, the CO2 concentration is steady during all the procedure (commonly 360 ± 10 vpm max.). CO2 concentration can be regu-
lated up to 1000 vpm. Pulse labelling or continuous labelling is feasible.
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Contribution of maize roots to CO2 efflux from soil and to microbial biomass as estimated by 14C pulse label-
ling and 13C natural abundance
Werth Martin1, Kuzyakov Yakov2

1 University of Hohenheim Institute of Soil Science and Land Evaluation Emil-Wolff-Straße 27 70593 Stuttgart Germany
2 University of Bayreuth, Dept. of Agroecosystem Research

Two approaches to quantitatively estimating root-derived carbon in soil CO2 efflux and in microbial biomass were compared under control-
led conditions. In the 14C labelling approach, maize (Zea mays) was pulse labelled and the tracer was chased in plant and soil compartments.
Root-derived carbon in CO2 efflux and in microbial biomass was estimated based on a linear relationship between the plant shoots and the
belowground compartment. Since the maize plants were grown on C3 soil, in a second approach the differences in 13C natural abundance
between C3 and C4 plants were used to calculate root-derived carbon in the CO2 efflux and in the microbial biomass. The root-derived car-
bon in the total CO2 efflux was between 69 and 94% using the 14C labelling approach and between 86 and 94% in the natural 13C labelling
approach. At an assumed 13C fractionation between soil organic matter (SOM) and CO2 of 5.2‰, the root-derived contribution to CO2 ran-
ged from 70 to 88% and was much closer to the results of the 14C labelling approach. Root-derived contributions to the microbial biomass
carbon ranged from 2 to 9% using 14C labelling and from 16 to 36% using natural 13C labelling. At a 3.2‰ 13C fractionation between SOM and
microbial biomass, both labelling approaches yielded an equal contribution of root-derived C in the microbial biomass. Both approaches may
therefore be used to partition CO2 efflux and to quantify the C sources of microbial biomass. However, the assumed 13C fractionation stron-
gly affects the contributions of individual C sources.

P-968

Development of a computer controlled robot based platform applied to simultaneous root growth profiling of
seedlings growing in a Petri dish
Yazdanbakhsh Nima, Fisahn Joachim

Max Planck Institute of Molecular Plant Physiology Am Muhlenberg 1 14476 Potsdam Germany

A newly developed platform is described which allows automatic detection of root growth characteristics for several seedlings simultaneously
with high spatial and temporal resolution. A Petri dish containing young seedlings of Arabidopsis thaliana planted in a row is mounted on a
vertical xy positioning unit. This computer controlled two dimensional sample stage enables screening of the entire Petri dish under the bino-
cular microscope with a resolution of 5.3 x 5.9 µm per pixel over several days. Continuous screening of the Petri dish, regardless of the
external light conditions is maintained by application of infrared light illuminator and a 780 nm filter applied to the CCD camera. 1.27 µm posi-
tioning resolution of the robot arms assures the reproducibility and exactness of the screening. 

Detection of root tips is achieved by applying thresholds on Red, Green and Blue vales of each pixel data converted to a one dimensional
byte array. Not as the default detection method, image subtraction is applied when a root tip comes close to another root, or by existence of
any permanent dark object in background image (mainly air bobbles being formed while pouring the medium). The growth parameters are
visualized as position over time or growth rate over time graphs by our newly developed software package. Besides, the growth rate is ave-
raged over days and light-dark periods and a 24 hour growth behaviour is also calculated. 

Proof of the developed system is provided by application to Arabidopsis starch mutants with severely altered root growth pattern. The results
show decrease of growth rate during dark period in case of Sex and PGM mutants, and finally stop of growth, with faster decrease in case
of PGM mutant, while the wild type Col0 seedlings continue their growth with almost the same growth rate as during light period.

Application of this system will enable to unravel fundamental questions in plant physiology in an unprecedented manner. In particular, deter-
minants of root growth and thus plant performance can be investigated with highest spatial resolution down to the single cell level. In com-
bination with various mutated plants and the ability to modify the growth media, the system will provide a high throughput detector for impro-
vement of plant nutritional parameters and due to its capacity to simultaneously observe many roots it will furthermore enable a high through-
put screening of root growth mutants.

P-1023
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Understanding distribution and speciation of Mn, Fe, Cu, and Zn surrounding old root channels in a soil with
strong texture contrast
Jassogne Laurence1, Hettiarachchi Ganga2, Newville Matt3, Chittleborough David2, Lambers Hans4

1 University of Western Australia Natural and Agricultural Sciences Waite Campus, PMB 1, 5064 Adelaide SA Australia
2 Soil and Land Systems, The University of Adelaide, PMB 1, Glen Osmond 5064, SA
3 434A, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439
4 School of Plant Biology, The University of Western Australia, 35 Stirling Highway 

It is well known that the distribution of pores can influence root proliferation in as much as roots tend to follow old root or burrowing chan-
nels and cracks. These function as pathways of least resistance and nutrient hotspots for roots. This is also the case in soils that have an
abrupt textural change between A (or E) horizons and B-horizons. Clay minerals, organic molecules and Fe/Al/Mn oxyhydroxides, can be
present and transported by preferential flow through such pores. These materials can be deposited on the pore walls and form coatings.
Thus, plant roots growing in or in the vicinity of pores experience a different environment in comparison to the bulk soil. Furthermore, the soil
surrounding plant roots is changed by root activity. This link between biological processes and physico-chemical properties of the soil is,
however, still poorly understood. The objective of this study was to provide a better understanding of the micro-environment in which roots
grow preferentially. Firstly, we analysed intact soil samples and soil thin sections with synchrotron based-µXRF to map the distribution of Ca,
Mn, Fe, Cu and Zn in the heterogeneous environment of the pores as well as the bulk soil. These maps facilitated studies of elemental cor-
relation and location of elemental “hot spots”. Subsequently we performed µXANES/EXAFS and µXRD analyses at the selected elemental
“hotspots” to understand their chemistry and mineralogy. 

P-1044

Identification by differential fluorescence induction of Azospirillum brasilense Sp245 genes regulated by wheat
seed exudates
Pothier Joël F.1, Prigent-Combaret Claire1, Weiss Michèle2, Wisniewski-Dyé Florence1, Moënne-Loccoz Yvan1

1 UMR CNRS 5557 Ecologie Microbienne Université Lyon 1 43 bd du 11 Novembre 1918 69622 Villeurbanne Cedex France
2 UMR CNRS 5534 Centre de Génétique Moléculaire et Cellulaire, Université Lyon 1, 43 bd du 11 Novembre 1918, 69622 Villeurbanne Cedex, France

In order to increase our understanding of the associative symbiosis between the PGPR Azospirillum brasilense Sp245 and plants, a global
approach based on differential fluorescence induction (DFI) promoter trapping was used to identify candidate genes involved in the early sta-
ges of this interaction. To this end, a promoter trap library of the nearly-sequenced wheat isolate A. brasilense Sp245 was screened for genes
up-regulated by spring wheat seed exudates. First, the ability of flow cytometry to detect fluorescent A. brasilense Sp245 cells expressing
EGFP was validated using PlacZ-egfp, PnifH-egfp and PsbpA-egfp fusions in inducing conditions. Second, sorting of fluorescent Sp245 cells
was successful even when non-fluorescent cells were prevalent, a condition often encountered when screening promoter libraries. Exposure
to wheat seed exudates led to the detection of induced DFI clones, and up-regulation by exudates was confirmed in vitro for 46 of these clo-
nes. Sequencing of 21 clones enabled identification of 7 promoter regions. Laser microscopy indicated that 5 of them displayed in vivo up-
regulation once inoculated to wheat seedlings. Their downstream sequence displays similarity with (i) a predicted transcriptional regulator,
(ii) a serine/threonine protein kinase, (iii) two conserved hypothetical proteins, or (iv) the copper-containing dissimilatory nitrite reductase
NirK. Different fluorescence induction patterns were observed in situ when comparing different plant families. Overall, this study suggests
the existence of both common and plant-specific stimuli, which means different set of Azospirillum genes could be involved depending on
the plant partner.

P-993

A new metabolomic approach for monitoring the PGPR effect of Azospirillum brasilense Sp245 on wheat
Walker Vincent, Couillerot Olivier, Moënne-Loccoz Yvan, Bertrand Cédric, Comte Gilles

CNRS UMR-CNRS 5557 Ecologie microbienne 43, Boulevard du 11 novembre 1918 69622 Villeurbanne France France

The biosynthesis of plant metabolites is strongly influenced by many environmental factors including exposure to microbes. PGPR bacteria
can increase growth and resistance of host plants, for instance by the synthesis of phytohormones such as indole-3-acetic acid (IAA) and/or
antibiotics such as 2,4-diacetylphloroglucinol (DAPG), as well as by increasing the bioavailability of mineral nutrients. These modifications
by PGPR bacteria are likely to have a direct influence on the amounts and/or chemical diversity of host plant metabolites. Here, a novel meta-
bolomic approach was developed and used to monitor and characterize plant/bacteria interactions implicating PGPR.

In this study, we made investigations on wheat metabolome (Triticum aestivum L.) in response to inoculation by a phytostimulator PGPR
Azospirillum brasilense Sp245. For that purpose, two cultivars of wheat were used (cultivar Soissons and Fiorina). The extractions of wheat’s
phytoconstituants were done by sonication assisted methanol maceration of foliar and root parts, then analyzed by HPLC-DAD techniques.
Resulting chromatograms are compared through a Principal Component Analysis, in order to determine which metabolites are synthesized
preferentially during this interaction.

With Soissons, A. brasilense Sp245 resulted in a significant difference on roots and foliar biomass whereas in the case of Fiorina the only
effect was an increase of root biomass. For the Soissons cultivar, our results showed unambiguously a modification of plant metabolome at
the early stage of the interaction (5 days after inoculation). 18 days after inoculation, in the plant roots, two compounds were differentially
synthesized. One is a phenolic acid-type compound up-regulated by the PGPR inoculation. The other one, a simple phenol-type compound,
is down-regulated. In the aerial part, the PGPR inoculation generates an increase of the biosynthesis of a flavonoid. The monitoring of the
interaction by the study of plant metabolome is thus a promising approach, and shall allow the development of diagnostic tools in order to
verify and follow the implementation of the PGPR interaction.

Key words: Metabolomics, Metabolite profiling, PGPR, Crops, Azospirillum, Phenolic compounds
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Soil degradation assessment: a comparative analysis of NIRS results with soil microbial communities and
enzymatic activities approaches
Kamaa Mary2, Shepherd Keith3, Verchot Louis3, Mugadi Doreen2, Mburu Harrison2, Awiti Alex3, Lesueur Didier1
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2 CIRAD, TSBF/CIAT, World Agroforestry Centre, PO Box 30677, Nairobi, Kenya
3 ICRAF, World Agroforestry Centre, PO Box 30677, Nairobi, Kenya

A number of studies have shown the ability of near- and mid-infrared diffuse reflectance spectroscopy (IR) to predict variation in soil chemi-
cal and physical properties across sites and in response to management. However, few studies have shown whether IR could also provide
an indicator of biological activity. This study aims to characterize the biological activity and diversity of soil microbial communities along a
degradation gradient at the margins of a tropical forest in Kenya and link these results with those obtained from IR and enzymatic analysis.
The soils were selected from a chronosequence of different land conversion ages (forest, cultivated for 15 years, up to 85 years). To mea-
sure diversity in the total microbial communities in relation to the conversion age and the vegetation cover, a molecular fingerprinting method,
using denaturing gradient gel electrophoresis (DGGE), was employed. This separates double stranded DNA fragments (polymerase chain
reaction (PCR)-generated DNA products) that are identical in length, but differ in sequence. We also analyzed enzymatic activities by the
use of substrates such as PNP- B- D glucopyranoside, PNP-phosphate and PNP-B-D-cellobioside to target the activities of enzymes β‚-glu-
cosidase, acid phosphatase, and chitinase, respectively. From the results obtained, the activities were high in the forest cover of lower age
and lower in the agro forestry of higher ages. Linking both results to NIRs gave a similar trend whereby in degraded soils both diversity and
amount of microbial communities/microbial activities reduced along the degradation gradient, particularly following trends in soil organic mat-
ter. NIRs may provide a low cost, rapid and reliable indicator of soil degradation that can integrate management-induced effects on soil bio-
logical, physical, chemical properties.
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Visualisation and localisation of acid phosphatase transcripts in common bean (Phaseolus vulgaris) nodules
by in situ RT-PCR
Amenc laurie, van Aarle Ingrid, Viennois Gaëlle, Bouhmama Léïla, Kouas Saber, Luu Duan, Plassard Claude, Drevon Jean-Jacques 

INRA - SupAgro UMR Biogéochimie du Sol et de la Rhizosphère, Place Viala 34060 Montpellier cedex, France

The symbiotic nitrogen fixation process requires much phosphorus. In order to test whether acid phosphatase is involved in the phosphorus
use efficiency for N2 fixation an in situ RT-PCR approach was applied to common bean nodules. The recombinant line 115 of Phaseolus vul-
garis, obtained from a cross between BAT477 and DOR364, was inoculated with Rhizobium tropici CIAT 899 and grown in hydroponic cul-
tures for 5 weeks under P deficiency. The in situ RT-PCR was carried out with 50 µm nodule sections using specific primers to amplify a 250
bp sequence in the acid phosphatase mRNA. The amplified gene product was visualized with fluorescence microscopy using the ELF-97 kit
detection of the alkaline phosphatase conjugated anti-digoxigenin Fab fragments. The signal corresponding to acid phosphatase could
clearly be observed except in samples without RT (control). Transcripts were distributed specifically in: (i) non infected cells of the infected
zone; (ii) the vascular trace localised in the cortex surrounding the infected zone; (iii) the inner cortex (i.e. cell-layers localised between the
vascular trace and the infected zone); (iv) the external cortex (i.e. layers beyond the endodermis). By contrast, no signal was detected in the
mid-cortex and the infected cells. It is concluded that the in situ RT-PCR methodology can be applied to localise plant transcripts in nodules.
The expression of acid phosphatase in the inner cortex suggests that this enzyme may be involved in the osmoregulation of nodule permea-
bility to O2 and consequently in the adaptation of the legume-rhizobia symbiosis to low P supply.

P-957

Localized sampling of root exudates and rhizosphere soil solution by use of sorption media - Applications and
Perspectives
Kania Angelika, Haase Susan, Kandeler Ellen, Kuzyakov Yakov, Edelkott Iris, Marschner Petra, Römheld Volker, Neumann Günter

Institute of Plant Nutrition (330) Agriculture Fruwirthstrasse 20 70593 Stuttgart Baden-Württemberg Germany

Knowledge about the chemical composition of the soil solution in the rhizosphere is a key factor for the understanding of root-induced modi-
fications in solubility of nutrients and toxic elements in soils and of plant-microbial interactions. Soil solution chemistry in the rhizosphere
strongly depends on (1) rhizodeposition and root activity, affected by the plant nutritional status, plant species and genotypes and external
stress factors, (2) sorption characteristics and mechanical impedance of the soil matrix and (3) rhizosphere-microbial activity. Rhizodeposition
is frequently not uniformly distributed along plant roots. Considerable gradients exist in radial and longitudinal direction and intense root exu-
dation can be confined to special root structures. The variability of root exudation along the root needs to be considered for attempts to
understand chemical changes in the rhizosphere and therefore, requires localized sampling techniques with a high spatial resolution. This
study presents an evaluation of sampling techniques for low-molecular weight organic compounds and inorganic salts based on sorption
media (chromatography paper, membrane filters) placed onto the root surface of soil-grown plants, cultivated in rhizoboxes or in the field with
root observation windows. Aspects of sampling time, microbial degradation, sorption to the soil matrix and the impact of these factors on
recovery are discussed, as well as analytical approaches for the detection of individual substances or classes of compounds. Moreover,
approaches for the combination of the sampling techniques with isotope labelling, with visualization of rhizosphere processes and with inves-
tigations on root physiology and the activity and diversity of rhizosphere microbial communities are presented in case studies. 
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Transcriptional analysis of the functional tfdA gene in Ralstonia eutropha AEO106 (pRO101) during MCPA her-
bicide degradation in natural soil and rhizosphere
Nicolaisen Mette Haubjerg1, Nicolaisen Mette H.1, Bælum Jacob2, Jacobsen Carsten S.2, Sørensen Jan1

1 Copenhagen University Department of Ecology Thorvaldsensvej 40, 2. 1871 Frederiksberg C Denmark
2 Geological Survey of Denmark and Greenland (GEUS), Department of Geochemistry, Denmark

Existing protocols for direct transcription analysis in natural soil and rhizosphere microbial communities have so far been unsatisfactory. In
this study, a simultaneous extraction of DNA and RNA from soil followed by hexamer-based construction of cDNA has been optimized suc-
cessfully to yield a high-quality target for quantitative transcriptional analysis of functional genes and corresponding mRNA by real-time PCR.
The quantification of both DNA and mRNA pools to create a normalized mRNA/DNA ratio was found necessary to eliminate the variable soil
sample extraction efficiency. The optimized transcription analysis protocol was used to study tfdA expression in Ralstonia eutropha AEO106
(pRO101) in culture and inoculated in MCPA pesticide amended soil. tfdA supports the first step of MCPA degradation resembling that of 2,4-
D (cleavage of ether band releasing the acid from the chloro-substituted phenol). The present culture study revealed that tfdA transcription
activity had a maximum at MCPA levels of 2 ppm, and was inhibited at concentrations above 10 ppm. Natural soil microcosms were inocu-
lated with 10-7 R.eutropha AEO106 (pRO101) cells (g soil)-1 and subsequently amended with 2 ppm MCPA to study tfdA transcription activity;
mineralization rates for the herbicide was followed by 14CO2 emission from degradation of ring-labeled MCPA. The mRNA/DNA ratio for tfdA
demonstrated a transient transcriptional activity from none-to-full expression within the first 2 h after MCPA addition, followed by a decline
and complete loss of expression after about 20 h. During the same period, mineralization was highest after the early peak of transcription.
Using the present microcosms, transcription activity could be detected using R. eutropha AEO106 (pRO101) inoculum as small as 10-5 cells
g soil-1; constant mRNA/DNA values were thus independent of inoculum density over 2-3 logarithmic orders. The present study demonstra-
tes that direct analysis of functional gene expression (transcription activity) can indeed be made in natural soil and rhizosphere, emphasi-
zing the importance of optimized extractions to obtain high-quality nucleotides for PCR reactions and normalization towards the gene copy
number (i.e. mRNA/DNA ratio). 

P-1033

Unfolding of hidden color in Azospirillum brasilense: Interplay between an extra-cytoplasmic function sigma
factor and its anti-sigma factor
Nagarajan Thirunavukkarasu, Mishra Muktinath, Gross Carol, Vanderleyden Jos, Tripathi Anil

Banaras Hindu University School of Biotechnology Faculty of Science 221005 Varanasi Uttar Pradesh India

Bacteria belonging to the Genus Azospirillum colonize the roots of many cereals and grasses, and promote their growth mainly by produ-
cing phytohormones. Some of the strains of Azospirillum produce carotenoids which are known to protect cells from oxidative stress.
Although carotenoid producing mutants from their carotenoid non-producing parents have been isolated, the genetic basis of such a change
in the phenotype is not understood. Azospirillum brasilense Sp7 does not produce detectable levels of carotenoids under any cultural condi-
tions reported so far. While screening a Tn5 mutant library of A. brasilense Sp7 two mutants were isolated which overproduced carotenoids.
Analysis of the nucleotide sequence of the DNA region flanking the site of Tn5 insertion in both the mutants revealed that the insertion was
in a gene encoding anti-sigma factor and was located downstream of another ORF which encoded an extra-cytoplasmic function (ECF)
sigma factor. BLAST search and Clustal W alignments showed that ORFs encoding sigma factor and anti-sigma factor in A. brasilense Sp7
were closely related to the RpoE and ChrR of Rhodobacter sphaeroides. Carotenoids are also produced naturally by A. brasilense Cd PCR
amplification, cloning and sequencing of the ORFs encoding sigma factor and anti-sigma factor in A brasilense Cd revealed that the ORFs
of sigma factor were identical in both but the ORF encoding anti-sigma factor in Cd harboured a deletion at the nucleotide position 466. Thus,
due to a shift in the reading frame, premature termination of the polypeptide was expected. When anti-sigma factor coding ORFs from both
the strains were cloned in the expression vector pET15b and the expressed proteins were analyzed in SDS-PAGE, the anti-sigma factor of
Cd strain was atleast 6 kDa smaller than that of strain Sp7. Immunological cross-reaction of the western blots with E. coli anti-sigmaE anti-
body revealed that the amount of Sigma E in A. brasilense Sp7 is synthesized several times more in the stationary phase than during the
exponential phase. Coincidentally, the carotenoid content of A. brasilense Cd is much higher in stationary than the exponential growth phase.
Whether carotenoid synthesis in A. brasilense is regulated directly or indirectly by Sigma E remains to be investigated.

P-884

Novel approaches for investigating rhizosphere microbial ecology at the microhabitat scale
Dennis Paul1, Miller Tony1, Valsami-Jones Eugenia2, Taylor Richard3, Hirsch Penny1

1 Rothamsted Research Rhizosphere biology Rothamsted Research AL5 2JQ Harpenden United Kingdom
2 The Natural History Museum, Cromwell Road, London SW7 5BD, UK
3 University College London, Gower Street, London WC1E 6BT, UK

The effects of rhizosphere bacteria (RB) on plant health and nutrition vary from positive to deleterious. A number of beneficial species have
been isolated; however, their exploitation is frequently unreliable. A better understanding of how RB respond to and influence their environ-
ment will facilitate the manipulation of introduced and indigenous communities for environmental and/or commercial gain. Root activities dif-
fer greatly along the longitudinal root axis, which combined with the inherent variability of soil gives rise to a high degree heterogeneity bet-
ween potential microbial habitats in the rhizosphere. To relate RB communities with these habitats it is necessary to develop methods that
enable investigations to be undertaken at the micro-scale. We have developed a novel method to facilitate non-destructive, micro-scale sam-
pling of bacteria. It involves touching a root or soil surface with the tip of a metal rod that is positioned using a micromanipulator and a micros-
cope. On contact, bacteria adhere to the tip and can then be recovered by washing in a solution. The efficiency of the technique for remo-
ving bacteria from the root surface was compared with that of the conventional root dissection/washing approach and was found to be simi-
lar; however, the micro-sampling technique offered greater accuracy in estimating RB densities as the surface area used for sampling was
standardised. To link micro-samples with pH, microelectrode and RB density measurements were taken from the same root locations. pH
was very heterogeneous at the micro-scale and results indicated that RB density is inversely proportional to pH; however, further work is
necessary to confirm these results. Micro-samples can be analysed using existing culture dependent/independent methods. Therefore, by
combining micro-sampling with techniques that facilitate the measurement of environmental factors at the same scale, it will be possible to
make valuable contributions to many rhizosphere topics.
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Spectroscopic properties of humic acids isolated from the rhizosphere and bulk soil compartments and frac-
tionated by size-exclusion chromatography
D'Orazio Valeria, Senesi Nicola

Università di Bari Dip.to Biologia Chimica Agroforestale Ambientale Via Amendola, 165/A 70126 Bari Italy

The objective of this work was to evaluate comparatively, by means of chemical and physico-chemical techniques, the nature and proper-
ties of humic acids (HAs) isolated using conventional procedures from the rhizosphere soil compartment (r) of two herbaceous crops, tomato
(T) and artichoke (A), with respect to those of the corresponding bulk soils (c), and of HA fractions obtained by size exclusion chromatogra-
phy (SEC). Aliquots of 3 ml of each HA dissolved in a Na2B4O7 buffer at pH = 9.2 were injected into a Sephadex G-50 column (15 mm i.d.
x 300 mm) previously conditioned with the same buffer as eluent. The flow-rate was 56 ml h-1, and the void column volume was determined
using Dextran Blue 2000 (V0 = 15.81 ml). The HA fractions in the eluent were detected by a Perkin Elmer UV-Vis spectrophotometer, mod.
Lambda 15. The fraction retained by Sephadez G-50 was indicated as FrI. The excluded fractions were collected and acidified with HCl, cen-
trifuged, redissolved in KOH and freeze-dried. This HA fraction was passed through a Sephadex G-75 column, thus obtaining two fractions,
the one retained (FrII) and the one excluded (FrIII). Comparative examination of chemical and fluorescence and FT IR data indicated that,
regardless of the crop, r-HAs featured, with respect to c-HAs, a higher C/N ratio and a lower C/H ratio, which suggested a greater content
of aliphatic component and the occurred partial incorporation of structurally simple components likely originating from rhizodeposition in r-
HAs. The c-HA and the r-HA fractions separated by SEC showed increasing C, H and N contents in the order: FrI, FrII, FrIII. In particular, r-
HA fractions are characterized by a higher H content, probably due to the contribution of aliphatic components of low molecuylar weight (MW)
released as root exudates. FT IR and fluorescence data showed, the presence of simple structural units likely quinonic phenolic units with a
prevalent aromatic character and higher fluorescence intensity (FI) values in the FrI fractions, and a higher aliphaticity in the FrII and, espe-
cially, FrIII fractions of both c-HAs and r-HAs. Further, FrII and FrIII fractions are characterized by a fluorescence pattern typical of extensi-
vely conjugated systems and a low FI, especially in those from r-HAs, which suggested the incorporation of various root exudates, such as
aliphatic and aromatic acids, into native soil HAs.
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Monitoring rhizosphere bacteria in soil
Kecskés Mihály1, Michel Erwin2, Lauby Benoît2, Rakotondrainibe Malala2, Palágyi Attila3, Moutouvirin Anaëlle2, Elter Sébastien2, Guillas Romain2,
Krishnen Ganisan1, Kennedy Ivan1

1 The University of Sydney Faculty of Agriculture Food and Natural Resources Room 307, Bldg A03, RossStreet Building 2006 Sydney NSW Australia
2 University of Brest, France
3 Szent-István University, Hungary

The detection of PGPR bacteria without the use of marker genes is still a challenge because of the large number and species of other micro-
bial species present in any natural or artificial milieu. Colony immuno-blotting is a promising tool for tracing colonizing /survival of bacterial
strains in the inoculant and in the soil matrix because it detects live numbers of a target strain by combining traditional dilution plating with
specific immuno-detection. This method can monitor bacterial strains without introducing genetical markers into the target organism and that
we seek eventually to apply as a routine diagnostic tool. 

Another blot-based method based on a similar principle, but using DNA probes for selection has also been studied for monitoring purposes.
This technique has been routinely employed in molecular biology for pure cultures but it has been rarely used for detecting bacteria in soil.
It has prospects for cell tracing by using custom-designed probe molecules that should be even more selective than the immuno-blotting
approach. In future, both stand-alone application of DNA-blotting and/or combination of the two methods are suggested.

Our data have indicated that with higher or equal levels of inoculant biofertiliser strains (Citrobacter freundii) compared to background bac-
terial populations it was possible to determine the identity and number of cells in both artificial and actual test soil samples within a few hours,
using the colony immuno-blotting technique. However, further improvements are needed when there are low numbers of target strain cells
and to preclude antigenic cross reactions with native strains.

In our recent studies, use of antibiotic resistance and application of two or more selected polyclonal antibodies with different target epitopes
were employed to improve the specificity of the protocol. Progress in the development of our DNA colony blotting method suggests that it
may also be a viable option for following population dynamics of an inoculant biofertiliser strain in soil. 
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In-situ applications of a modified micro-suction cup rhizobox technique: spatial gradients and temporal pat-
terns of organic anions and inorganic cations in the rhizospheres of Lupinus albus, Fagus sylvatica and
Solanum tuberosum
Luster Jörg1, Dessureault-Rompré Jacynthe2, Nowack Bernd3, Schulin Rainer2, Richter Anika1, Brunner Ivano1, Tamasloukht M'Barek4, Bucher Marcel5
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Recently, we modified the micro suction-cup rhizobox technique to facilitate the precise localised collection of soil solution and to allow sta-
bilisation of samples with respect to microbial degradation immediately after removal from the soil (Dessureault-Rompré et al., 2006. Plant
Soil 286: 99-107). Here we show three applications of this method. All experiments were carried out in rhizoboxes of the „Hohenheim“ type
under controlled conditions in the climate chamber for lupins and potatoes (Lupinus albus, Solanum tuberosum) or in the greenhouse for
beech (Fagus sylvatica). The substrate for the lupin and potato seedlings was a slightly acidic loam from an agricultural field, while beech
seedlings were grown in four different materials from acid forest soils, two from topsoils rich in soil organic matter, and two from subsoils with
only a small organic matter content. 

The bulk soil and rhizospheres of different root segments of lupin (normal roots, apices of normal roots, nodules, cluster roots) were sam-
pled for soil solution. The root segments differed in intensity and composition of root exudation as well as in uptake of nutrient anions like
nitrate and phosphate. The rhizospheres of cluster roots were sampled at three different distances from the rootlet apices and at 3 different
time periods during the day. The root exudation of organic anions, in particular citrate, by cluster roots occurred in one or multiple waves
during their lifetime. This pattern was superimposed by a diurnal rhythm with maximum exudation between 14 and 22h. 

The soil solution composition in different distances from root tips of beech did not vary significantly for seedlings grown in the organic rich
topsoil materials, while in the subsoil materials there was a trend to higher base cation to aluminum ratios in the immediate vicinity of root
tips than at greater distances.

Because the root system of potato did not allow easy visual differentiation, an “active” and a “non-active” rhizosphere was distinguished by
using the nitrate concentration in the soil solution as indicator. Based on this distinction, a higher root exudation of malate was detected for
a transgenic line containing a malate exporter from alder compared to the wild type. The examples are discussed with respect to sampling
strategies for different root systems, and limitations for interpretation of results in terms of root exudation and plant uptake.
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Comparative SuperTag transcriptomes of chickpea roots and nodules grown in hydroaeroponics. A survey
done in more than 140,000 cDNAs via SuperSAGE
Molina Carlos1, Rotter Björn2, Horres Ralf2, Jungmann Ruth2, L'taief Boulbaba3, Drevon Jean Jacques3, Bellarmino Luis-Carlos4, Kahl Günter1, Winter
Peter2
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Being responsible for thousands of tons in losses each year, saline stress represents one of the mayor yield constrains for legumes in semi-
arid arable lands worldwide. In the present work we report on the use of a high throughput genome-wide transcription analysis technique in
Cicer arietinum (chickpea), a non model legume, which until some years ago was still considered an under-researched crop. Using
SuperSAGE, an open architecture expression analysis technique, 144,200 cDNAs comprising 21,400 unique transcripts (Supertags), were
analyzed quantitatively and qualitatively to describe the “reactome” of chickpea roots and nodules under salt stress. Four main SuperSage
libraries were produced in order to compare the root and nodules reactions independently. Upon salt stress, 6,492 and 3,629 transcripts
changed their expression levels at least 2.7-fold respectively in roots and nodules. Due to the versatility of the obtained 26bp Supertags for
homology search in public cDNA databases, 15% of the analyzed transcripts was able to be annotated to well characterized Uniprot entries.
Among the most Up-regulated Supertags under salt stress in roots, transcripts encoding Superoxide dismutases, Tripsin protein inhibitors
(class 3), Extensin, and NADP-dependent isocitrate dehydrogenase I presented the highest differential expression levels (more than 25-fold
up-regulation). In nodules, transcripts annotated to 40S ribosomal protein SA(p40), Drought-induced proteins, Leghemoglobin, Non-specific
lipid-transfer protein precursor (LTP), and Fiber protein Fb2 , revealed to be the most differentially up regulated. Information obtained from
the combination of transcript expression levels with analysis of functional categories (GO: biological process ) revealed that along typical res-
ponses related to salinity such as “response to oxidative stress”, “oxygen and reactive oxygen species metabolism”, “protein folding”, and
“general response to stress”, metabolism-related processes are playing the mayor “tuning” role in chickpea roots and nodules under ionic
and osmotic disequilibrium. At the moment, the present study is being extended by the direct use of the 26bp Supertags as oligos for micro-
array spotting as well as RT-PCR amplification primers. Preliminary positive results highlight the huge potential of Supersage as generator
of information for further molecular biology applications in plant stressomics.
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N and C K-edge NEXAFS and Py-FIMS mass spectrometry of rhizosphere and non-rhizosphere soils
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The rhizosphere is loosely defined as the volume of soil that is affected by the presence of plant roots. In this region, plant root exudates,
dead tissue and enhanced microbial activity combine to create an environment that differs greatly from that of bulk soil. The complexity of
the rhizosphere presents formidable challenges to the analyst. Indeed, formation of the rhizosphere is a result of the combined contributions
of the plant, the soil, and the associated microorganisms. In this study, we use the techniques of pyrolysis field ionization mass spectrome-
try (Py-FIMS) along with synchrotron-based N and C K-edge XANES to explore differences between pea rhizosphere and bulk soils. Py-
FIMS data shows differences in nitrogen-containing compounds, lignin monomers and carbohydrate classes between rhizosphere and bulk
soils. N and C K-edge XANES patterns showed also showed differences in nitrogen and carbon functionality. The information provided by
these novel techniques will help to further broaden our knowledge of rhizosphere processes.
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Genome-wide selection of primer pairs amplifying highly informative gene regions for multilocus sequence
analyses of prokaryotes
Contreras-Moreira Bruno, Figueroa-Palacios Iraís, Avila-Casanueva Agustín, Vinuesa Pablo
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We present the design, implementation and first experimental results of a phylogenomic analysis pipeline developed to select highly infor-
mative molecular markers for multilocus sequence analyses in microbial ecology and molecular systematics. The oligonucleotides are des-
igned based on the full set of orthologous genes shared by the target microbial group selected by the user, based on a modified CODEHOP
(COnsesus DEgenerate Hybrid Oligonucleotide Primers) strategy of PCR primer design. Key thermodynamic parameters of each oligonu-
cleotide pair, such as degeneracy, Tm, hairpin- and cross-potential are evaluated and recorded. Furthermore, the phylogenetic information
content of the expected amplicons is evaluated in a maximum likelihood (ML) framework, using the Quartet Puzzling and approximate like-
lihood ratio test (aLRT) strategies. The theoretical (in silico) amplicons targeted by good primer pairs are ranked according to their phyloge-
netic information content and congruence, as well as according to the thermodynamic parameter values for the corresponding oligonucleo-
tides. 

We developed a web server (Aln2Primer) that implements parts of the analysis pipeline for single protein-coding genes of interest uploaded
by the user to the server. The uploaded DNA sequences are translated, aligned at the protein level and the resulting alignment is used to
construct a ML phylogentic tree with aLRT support values for the bipartitions. Based on this tree, which is displayed to the user, she/he has
the option to select a particular clade of sequences as the target subset of sequences for which the analysis pipeline will try to find optimal
oligonucleotide pairs and evaluate the phylogenetic content of the resulting amplicons.

We have applied this analysis pipeline on a genome-wide scale to select highly informative molecular markers for diverse plant-associated
bacterial lineages such as the Burkholderiales and the Rhizobiales, among others. We are experimentally validating selected primer pairs
for diversity studies of rhizobial communities associated to Mexican tropical forests. We present a case study of one of those markers
(RL1945) showing its superior phylogenetic properties, as compared to 16S rDNA, atpD, glnII, recA and rpoB sequences, which were pre-
viously used as molecular markers for molecular systematic studies of diverse groups of rhizobia. 

http://www.ccg.unam.mx/~vinuesa/
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