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Molecular approaches to rhizosphere research: identification and characterization of aluminum tolerance
genes and their use to improve acid soil tolerance
Kochian Leon1, Magalhaes Jurandir2, Liu Jiping3, Hoekenga Owen3, Pineros Miguel3, Schaffert Robert2, Shaff Jon3, Alves Vera2

1 US Plant, Soil and Nutrition Laboratory, USDA-ARS Tower Road, Cornell University 14853 Ithaca New York USA
2 Embrapa Maize and Sorghum, Sete Lagoas, Brazil
3 U.S. Plant and Soil Nutrition Laboratory, USDA-ARS, Cornell University, Ithaca, NY 14853

Aluminum (Al) toxicity is a major limiting factor to agriculture on acid soils that make up approximately 30% of the world’s total land area and
up to 50% of the world’s potentially arable lands. A large proportion of the acid soils occur in developing countries in the tropics and subtro-
pics; thus, Al toxicity reduces food security in many parts of the world where it is most tenuous. Because of the agronomic importance of
crop Al toxicity, identifying the molecular determinants for Al tolerance has attracted significant interest from a number of laboratories around
the world. We are now poised, based on recent discoveries by a number of researchers, to develop the molecular and genetic resources
required to address a worldwide agronomic problem that is only exceeded by drought stress with regards to abiotic limitations to crop pro-
duction. 

In this presentation, the molecular approaches that have been used to identify Al tolerance genes in wheat, Arabidopsis and sorghum will be
discussed. For example, in sorghum, using high-resolution mapping, we identified AltSB as a candidate Al tolerance gene and subsequently
verified its role in Al tolerance based on: 1) a strong correlation between Al-inducible AltSB expression and Al-inducible tolerance and root
citrate exudation; 2) a member of a gene family involved in the efflux of organic solutes; 3) protein localization to the plasma membrane; and
4) AltSB expression in transgenic Arabidopsis resulting in significant increases in Al tolerance and Al-activated root citrate efflux. Sequence
analysis of the parental AltSB alleles and the promoter region from selected members of a sorghum diversity panel, combined with determi-
nation of AltSB expression, Al tolerance and root citrate exudation indicates that differences in gene expression are a major determinant of
differential tolerance in sorghum. Furthermore, a MITE-type transposable element in the AltSB promoter appears to be a highly polymorphic
motif in the promoter region and may play a role in the differential Al-inducible expression.
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Burkholderia diazotrophic species exhibit mechanisms involved in plant growth promotion, biological control
and bioremediation
Caballero-Mellado Jesus, Onofre-Lemus Janette, Castro-González Rocío, Estrada-de los Santos Paulina, Wong-Villarreal Arnoldo, Martínez-Aguilar
Lourdes

UNAM (Universidad Nacional Autonoma de Mexico) Ecologia Genomica Apdo. Postal No. 565-A 62210 Cuernavaca Morelos Mexico

Burkholderia species, particularly those grouped in the Burkholderia cepacia complex (Bcc), constitute one of the dominant bacterial groups
in the maize rhizosphere. However, Bcc bacteria have been found in high prevalence as opportunistic pathogens in cystic fibrosis patients.
This fact has hampered the commercial development of some Bcc strains in biotechnological processes. In contrast, studies performed on
the association of Burkholderia species, different to the Bcc, with important agricultural plants are limited. For a long time, N2-fixing ability in
Burkholderia species was recognized only in B. vietnamiensis, a member of the Bcc. Novel rhizospheric N2-fixing Burkholderia species asso-
ciated with plants have been described recently, e.g., B. unamae, B. xenovorans, B. tropica, and B. silvatlantica. These diazotrophic
Burkholderia are closely related, but phylogenetically largely distant from the Bcc species. In fact, cblA and esmR genes encoding transmis-
sibility factors identified among clinical strains from the Bcc were not detected in many strains of B. unamae, B. tropica or B. silvatlantica.

Apparently, the N2-fixing Burkholderia have a large capability of association with plants, as they have been isolated from the rhizosphere of
maize, sugarcane, sorghum, coffee, and tomato. The widespread association of such N2-fixing Burkholderia with plants could represent new
opportunities in biotechnological processes. Although the involved mechanism is unknown, B. unamae and B. tropica improve the maize
plant growth. B. tropica exhibit a great mineral phosphate-dissolving capability, and B. unamae exhibit high ACC deaminase activity. In fact,
the ACC deaminase activity is a common trait among the N2-fixing Burkholderia species. In addition, the siderophores production by the dia-
zotrophic Burkholderia could represent an important trait for controlling plant pathogens. In the N2-fixing Burkholderia species is also remar-
kable the capability for using as carbon sources some environmental pollutants, for example, B. unamae is able to use phenol and benzene
for its growth. This feature and the capability of B. unamae for promoting growth of maize and to colonize the rhizosphere and rhizoplane of
plants could be suitable in rhizoremediation. Based on the data described, we considered that N2-fixing Burkholderia consortia could be used
for promoting plant growth and increasing crop yields, and concomitantly in bioremediation, and biocontrol of plant pathogens.
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Life in soil: the impact of GM plants on rhizosphere communities
Lottmann Jana1, O’Callaghan Maureen1, Walter Christian2

1 AgResearch Limited Biocontrol & Biosecurity PO Box 60, Gerald Street 8152 Lincoln Canterbury New Zealand
2 SCION - Next Generation Biomaterials, Private Bag 3020, Rotorua, New Zealand

The worldwide commercialisation of transgenic plants has intensified the public debate on risks and benefits of genetic engineering. If GM
plants do affect the highly complex soil-ecosystems, how can these impacts – beneficial or deleterious – be assessed? Because it is not fea-
sible to monitor all compounds of a soil ecosystem for their response to a GM plant, the use of keystone indicators is required. The most
likely habitat to be affected by the transgene expression is the rhizosphere, known as the volume of soil that is influenced biologically and
biochemically by the living root. In recent years some keystone indicators have been defined. These include plant-growth-promoting rhizo-
bacteria, nitrogen fixing and nitrifying bacteria, lignin-decomposing fungi, and mycorrhizal fungi. In some cases, the type of GM plant will
influence the choice towards more specific keystone indicators. 

During the last decade many important baseline data about the shifts of microbial communities in the rhizosphere have been provided to
relate potential changes to natural fluctuations, growth stages, cultivars or soil management. It has been shown that the effects of GM plants
on root-associated microbial communities are subject to seasonal variation. This presentation will summarise the results of two field studies
including an annual GM crop plant and GM trees.

Oral presentationst
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Effect of rhizosphere bacteria on Zn/Cd mobilisation from a contaminated soil and accumulation of Zn/Cd in
metal-accumulating Salix caprea
Puschenreiter Markus1, Sessitsch Angela2, Kuffner Melanie2, Sommer Peter1, Netherer Elisabeth1, Gorfer Markus1, Strauss Joseph1, Wenzel Walter
W.1

1 University of Natural Resources and Applied Life Sciences Department of Forest and Soil Sciences Peter Jordan Strasse 82 A-1190 Vienna Austria
2 Austrian Research Centers GmbH, Department of Bioresources, A-2444 Seibersdorf, Austria

Rhizosphere bacteria are considered to play a key role for the plant availability of Zn and Cd in contaminated soils. The bacteria tested in
this study were isolated from S. caprea rhizosphere (soil) and endosphere (xylem sap, leaf material) obtained from the polluted site
Arnoldstein (South Austria). The selected microbes (32 strains) were grown in a tryptic soy broth (TSB) medium for a period of 1 week.
Experiment 1: The medium solutions containing the microbes were centrifugated and passed through a 0.45 µm filter. 5 ml of the filtrates
were used to extract Zn and Cd from a contaminated soil (1 g) derived from Arnoldstein. After 2 h extraction on an end-over-end shaker (20
rpm), the samples were centrifugated and passed through a 0.45 µm filter. The final filtrates were analysed for Zn and Cd. Experiment 2:
Roots of one year old S. caprea plantlets were soaked in the bacterial suspensions of similar cell density for 30 minutes and subsequently
planted in 1 kg aliquots of γ sterilized Zn/Cd/Pb contaminated soil (Arnoldstein) and watered with 12.5 ml of the bacterial suspensions. After
12 weeks of incubation in a growth chamber, leaves were harvested and analysed for total dry weight and for Zn and Cd concentration.

The majority of the tested strains caused an immobilization of Zn and Cd in Experiment 1. Compared to the control (no bacteria), the largest
amounts of Zn and Cd could be mobilized by the filtrates of an endophyte from the Microbacteriaceae familiy and by the rhizosphere bacte-
rium Agromyces sp. In Experiment 2, for most strains, no difference was found to the non-inoculated control regrading leaf biomass and foliar
Zn and Cd concentration. One strain (Streptomyces sp.) caused a significant increase of Zn and Cd concentration in leaves, while another
strain (Agromyces sp.) induced a signficant effect on leaf biomass. Regarding the total amount of Zn and Cd in leaves, the increase of leaf
biomass had a more pronounced effect than the enhanced foliar Zn and Cd concentration.
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Application and plant growth promoting effect of a commercially used biological plant stimulator in barley
Buddrus Katharina, Schmid Michael, Hartmann Anton

GSF-National Research Center for Environment and H Department Microbe-Plant-Interactions Ingolstaedter Landstrasse 1 D-85764 Neuherberg /
Munich Germany

The ability of microbes to stimulate and promote plant growth is of scientific interest since many years. Such microbes were applied to
increase agricultural productivity of crop plants. These beneficial bacteria colonise the plant roots and stimulate the plant growth by several
mechanisms like phytohormon production or supplying the plant with more nutrients. In this study we analyse the effect of a commercially
available biological plant stimulator (Proradix®) after application to barley plants. Our experiments were carried out in lab as well as in green-
house and field experiments. We also analyse the changes in the bacterial community after the use of Proradix® with molecular methods.
To detect the biological active compound in Proradix®, a Pseudomonas strain, and to study the colonisation behaviour we use the fluores-
cence in situ hybridisation (FISH) method with specific oligonucleotide probes in combination with confocal laser scanning microscopy. We
also use the gfp tagged Pseudomonas strain for this purpose.

We could find the Pseudomonas strain in all parts of the root especially in the root hair zone as well as on root tips and endophytic in root
cortical cells. Beneficial plant growth promoting effects could be shown. We detected higher yields up to 19% for barley plants treated with
Proradix® in field experiments in 2006. The dry weight of shoots and the number of ears were about 44% higher than in the control in green-
house experiments.

Furthermore the question arises to which extent this Pseudomonas strain influences the composition of the rhizosphere bacterial commu-
nity. For this purpose, terminal restriction fragment length polymorphism analysis is applied and clone libraries are constructed.

O-695

Biological nitrification inhibition: a novel plant-soil interaction for improving wheat production?
Pearse Stuart, Ito Osamu, Subbarao Guntur Venkata

Japan International Research Center for Agricultur Crop Production and Environment 1-1 Ohwashi 305-8686 Tsukuba Ibaraki Japan

Biological oxidation of ammonia to nitrate is known as nitrification. Ammonia is first oxidised to nitrite by Nitrosomonas, and nitrite is further
oxidised to nitrate by Nitrobacter chemoautotrophic bacteria. Ammonium ions (NH4

+) are positively charged and bind to the soil exchange
complex so rarely leach, thus remain available for crop uptake. However, if ammonium is converted into nitrate (NO3

-), N can leach out of
the rooting zone. Nitrate is also susceptible to denitrification, whereby N is converted and lost from the cropping system in the gaseous forms
N2, NO and NO2. These gases are partially responsible for global warming. Inhibition of nitrification in agricultural systems would therefore
be a considerable gain both economically and environmentally.

Synthetic nitrification inhibitors are commercially available. Some plants, such as the tropical grass Brachiaria humidicola, were proposed to
release compounds from their roots that suppress nitrification (Ishikawa et al 2003). A highly sensitive bioassay was developed using a
recombinant Nitrosomonas europaea that can detect nitrification inhibitors released from roots (Iizumi et al 1998; Subbarao et al 2006). The
presence of ammonium is the stimulus for release of inhibitors from B. humidicola roots (Subbarao et al 2007a). Inter- and intra-specific dif-
ferences among plant species in the capacity to release inhibitory compounds exist (Subbarao et al 2007b).

Recently Leymus racemosus, a wild relative of wheat used by breeders to transfer disease resistance traits into cultivated wheat, was dis-
covered to have the ability to inhibit N. europaea function. In contrast, wheat cultivars have not yet been shown to have this ability (Subbarao,
unpublished). This discovery opens exciting possibilities for the development of wheat cultivars that have a built-in ability to inhibit nitrifica-
tion in soils, thus minimising nitrogen losses. We will report on our recent exciting findings about biological nitrification inhibition (BNI) phy-
siology, release of BNI compounds, and variation in BNI capacity among wheat cultivars, landraces and wheat-L. racemosus hybrids.

Ishikawa T. et al 2003 Plant and Soil 255:413-419
Iizumi T. et al 1998 Applied and Environmental Microbiology 64:3656-3662
Subbarao GV. et al 2006 Plant and Soil 288:101-112
Subbarao GV. et al 2007a Plant and Soil 290:245-257
Subbarao GV. et al 2007b Plant and Soil (in press)
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Introducing deep rooted plant species for improved nitrogen management in agriculture
Thorup-Kristensen Kristian

University of Aarhus Department of Horticulture Kirstinebjergvej 10 DK-5792 Aarslev Denmark

A main problem in agricultural nitrogen (N) management is that surplus N is leached down through the soil and is eventually lost to the envi-
ronment. One solution to this is to grow catch crops during the autumn, when precipitation surplus is high and the soil would otherwise be
left uncropped (Thorup-Kristensen et al., 2003). Previous studies have shown that fast and deep root growth by catch crops is important for
reducing N leaching losses. In many areas, catch crops are established together with a cereal crop, but mainly develop and cover the soil
in the autumn after cereal harvest. Currently, farmers mainly use grasses for this purpose, but grasses are slow to develop deep root sys-
tems.

In this study, we have tried to find deep rooted alternatives to the grasses. We have studied almost 20 plant species from different plant fami-
lies, most of them not currently grown in agriculture. We have studied their development, root growth, final rooting depth and ability to take
up nitrogen from deep soil layers down to 2.5 m depth. The results show large differences among the species in root development during
the autumn. Ryegrass and some other species developed roots only to 0.75 to 1 m depth in the soil, whereas the two most deep rooted spe-
cies were able to develop high root densities to at least 2.4 m depth. Results of soil analysis in November showed that all species were effi-
cient in depleting the top 1 m of the soil, but in soil layers below 1 m, there was a clear relationship between rooting depth and depletion of
the soil inorganic N content. The most promising species was Isatis tinctoria, but other promising species were identified as well. It can be
concluded, that by studying wild plant species with different adaptations and root growth patterns, we can find tools to help farmers to deve-
lop more N efficient cropping systems and to reduce N losses to the environment.

Thorup-Kristensen, K. (2006) Effect of deep and shallow root systems on the dynamics of soil inorganic N during three year crop rotations. Plant &
Soil 288, 233-248

Thorup-Kristensen, K., Magid, J. & Jensen, L.S. (2003) Catch crops and green manures as biological tools in nitrogen management in temperate
zones. Adv. Agron. 79, 227-301

RRhhiizz    sspphheerree 22
Session 1 - Rhizo-technologies - Applications of rhizosphere research

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

4

O-844



RRhhiizz    sspphheerree 22

5

Session 1 - Rhizo-technologies - Applications of rhizosphere research

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

Selecting tomato (Solanum lycopersicon L.) lines for mycorrhizal competence: a pre-requisite for breeding the
plants for the future
Picard Christine12, Carriero Filomena3, Petrozza Angelo3, Zamariola Linda2, Baruffa Elisa2, Bosco Marco2

1 Università di Bologna DiSTA viale Fanin 42 40127 Bologna Italy
2 DiSTA-Microbiologia, University of Bologna, 40127 Bologna, Italy
3 Metapontum Agrobios, 75010 Metaponto, Italy

Recent breeding programs revealed that it is difficult to select varieties for low-input agriculture by starting from conventional varieties. One
of the explanations given for this failing is that conventional varieties, selected in (under) high-input environments (conditions), would have
lost genes coding for symbiotic competence. For example, conventional varieties generally show a lower capacity to sustain root symbiosis
with naturally occurring arbuscular mycorrhizal fungi (AMF), than needed for low-input agriculture. Such loss in mycorrhizal competence was
probably due to breeding in fully fertilized soils, which resulted in the selection for plant genotypes unable to exploit these beneficial microor-
ganisms.

Therefore, the goal of our research was to select, among 10 mutant lines, belonging to a tomato (cv Red Setter) EMS mutant collection,
those presenting both a good mycorrhizal competence and a high level of productivity, in order to obtain tomato genotypes adapted to bree-
ding in low-input cropping systems.

The wild type line Red Setter, as well as all the 10 mutated ones, showed a characteristic AMF infection dynamics. Some differences were
also found in the diversity of root-colonizing AMF taxa. One tomato mutant line was specially mycorrhizal competent, and showed high pre-
cocity and a highly structured symbiotic population. Other mutants were similar to wild type line (control), and more research is needed to
clarify their actual position.

Poster presentationst
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Plant growth promoting rhizobacteria to improve productivity and plant health of potato based cropping sys-
tems in the Central Andean Highlands
Oswald Andreas1, Calvo Pamela2, Zuniga Doris2

1 International Potato Center Integrated Crop Management Avenida La Molina 12 Lima Lima Peru
2 Universidad Agraria La Molina, Lima, Peru

Plant Growth Promoting Rhizobacteria (PGPR) have shown their potential in various crops to improve yield and plant health. In this respect
PGPR could be developed into an alternative inexpensive bio-fertilizer to increase potato yields of small scale subsistence farmers and/or to
improve organic crop production systems in the Central Andean Highlands of Peru.

In 2005/06 commercially available PGPR were applied in field trials with potatoes resulting in yield increases of 20 to 30% and partial control
of Rhizoctonia solani. Different potato varieties and genotypes showed distinctive response to PGPR in terms of growth promotion, disease
control and maintaining bacterial population during the growth period. Yield increases were due to greater number of tuber/plant and also
increased tuber weight.

Furthermore, more than 100 PGPR (Bacillus spp., Azotobacter spp., Actinomycetes.) were collected in different regions of the Central Andes.
They were selected and partially identified using laboratory and greenhouse tests such as control of R. solani, Fusarium solani, production
of indoleacetic acid, solubilization of phosphates and their effect on plant growth. In pot trials various of these PGPR increased tuber pro-
duction two to threefold. Plants inoculated with PGPR had a greater leaf area and a lower specific leaf area (SLA) than non-inoculated plants.
SLA is directly correlated with a higher photosynthetic activity. In addition inoculated plants showed an increased uptake of N, P, and K and
an altered distribution of N and K within plants. A greater portion of the total N adsorbed was distributed to leaves and tubers and more K
was found in tubers as compared to control plants, indicating again an increased photosynthetic activity and a stronger tuber sink (resulting
in higher tuber weights).

The best twelve PGPR, combining several of these traits, are presently tested in field trials with potato at three locations (Huancayo, Puno
and Aymara, 3800 m above sea level). With the results of these trials we hope to verify pot trial results and develop a protocol for selection
of effective PGPR. Best PGPR will then be multiplied for regional trials.

P-822

Interactions between rhizobias native of Senegal and French bean lines (Phaseolus vulgaris L.) contrasting on
tolerance of low phosphorus (P) level of soil.
Gning Mamadou Mansour12, Gueye Mamadou2, Drevon Jean Jacques3

1 ISRA-MIRCEN Laboratoire Commun de Microbiologie (LCM) IRD-ISRA-UCAD, BP 1386, Dakar, Sénégal 
2 Université Cheikh Anta Diop de Dakar BP 5005, Dakar, Sénégal 
3 UMR Biogéochimie du Sol et de la Rhizosphère INRA-SupAgro Place Viala 34060 Montpellier Cedex 1 France

The snap-bean is the most exported culture from Senegal representing more than 60 % of horticultural exports. Its production is only limited
by the poverty of the soils in essential elements (N, P), and by nitrate pollution of the ground water due to the concentration of its culture in
the Niayes zone. Thus, the farmers use large quantities of urea to fertilize bean, which is very expensive and aggressive against the envi-
ronment. The symbiotic nitrogen fixation (SNF) can be used to substitute chemical fertilizers and to reduce the production costs, but it is limi-
ted by soil-P deficiency. To circumvent this limitation we propose to use lines with high Efficiency in Use of P (EUP) and high SNF with effi-
cient native rhizobias, and verify their synergestic effect on the plant growth with a reference mycorrhiza. The preliminary results show bet-
ter yields in term of biomass of shoot, root and nodules of the local snap-bean cultivar with rhizobias ISRA 554 and ISRA 711. However the
field inoculation with rhizobias alone does not improve the root-occupancy by mycorhiza. By contrast, the association of rhizobial ISRA 554
and myccorhizal Glomus mosseae (Gm) inoculation, with promotes a higher myccorhization than GM inoculation alone. It is prospected to
study the effects of the targeted inoculants on the rhizopheric exudation of protons and organic acids by the symbiotic-roots, and their conse-
quence on the bioavailability of soil-P.

P-1186
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Pseudomonas aurantiaca: its role in the rhizosphere of important agronomic cultivars
Rosas Susana

Universidad Nacional de Río Cuarto Biología Molecular Campus Universitario, Enlaces Rutas 8 Y 36 5800 Río Cuarto Cordoba Argentina

The rhizosphere is a unique and complex environment of intense chemical and biological activity. Is defined as the volume of soil around
living plant roots that is influenced by root activities: root growth,uptake, respiration and exudation can all directly alter soil properties in the
rhizosphere. There were many microorganisms in this region that play important roles in plant development

In this study, the influence of Pseudomonas aurantiaca on different plant species (alfalfa, soybean, wheat, sunflower, maize among others)
and the population dynamics was investigated. 

Pseudomonas aurantiaca is able to colonize different root-systems crops, maintaining an appropiate population in rhizospheric area and pro-
motes an increment of the root and shoot weight in the mencioned cultivars. It does not affect nodulation or Nitrogen Biological Fixation. It
behaves as NPR (Nodulation promoting rhizobacteria) in alfalfa and soybean and was isolated as endophyte in wheat , soybean, sunflower
and maize.

Pseudomonas aurantiaca is capable of producing a pigment “in vitro”and “in situ” that controls the growth of numerous fungi species such
as Macrophomina phaseolina, Rhizoctonia solani, Sclerotinia sclerotiorum, Sclerotium rolfsii, Pythium spp, Fusarium spp and Alternaria spp.
The pigment is stable in different environmental conditions. One of the compound with antifungic properties is 2, 4-Diacethylphloroglucinol
(DAPG). The bacterium produces Indol acetic acid (AIA) and this production is correlated with the presence of the pigment.

Pseudomonas aurantiaca has shown an excellent response in differents crops, being also a very good biocontroller of a wide spectrum of
pathogenic fungi. Thus, it becomes in an ideal strain to be formulated as a non-conventional inoculant with the purpose of enhancing plant
production through biocontrol and PGPR effect.

It has been formulated as inoculant (BIAGRO SA) and it’s in experimental stage.

P-597

Evaluation of yield crop of Phaseolus vulgaris and Vicia faba biofertilized with native rhizobia at Tlaxcala,
Mexico
Peña Mireya1, Olvera Eva1, Munive Jose Antonio2, Villegas Maria del Carmen1

1 Instituto Politecnico Nacional Centro de Investigacion en Biotecnologia Aplicada Privada Chiapas 413 72000 Puebla Puebla Mexico
2 Centro de Investigación en Biotecnología Aplicada - IPN, Tlaxcala; Carretera Estatal Tepetitla-Tecuexcomac km 1.5. Tepetitla de Lardizábal,
Tlaxcala. 90700 México

Biofertilization with nitrogen-fixing bacteria in modern agriculture offers great perspectives for recovering soils and to achieve sustainable
agroforestry. Considering agronomic cultures, Biological Nitrogen Fixation depending on the rhizobia-legume symbiosis is of great impor-
tance, since it increases significantly the levels of soil nitrogen. However, the effectiveness of the symbiosis depends on several steps of
mutual recognizing events. Since nitrogen deficiencies appear frequently on perturbed and non-fertilized soils, nodulated legumes own a
selective advantage under adverse conditions, growing on restrictive sites to other plants. Sustainable agriculture implies the utilization of
several techniques, just as the inoculation of plants with microorganisms reducing the necessity of agrochemical products. Common bean
(Phaseolus vulgaris L.) is the second most important grain for human feed in Mexico, and its importance is also due to the extent of the cul-
tivated surface. However, other legume grains are useful in nutrition, for example, faba (Vicia faba). They also can be grown under different
climatic conditions and types of soil if alternative techniques are correctly applied. This work was aimed to evaluate and compare the biofer-
tilizing potential of native specific rhizobia strains on common bean and faba, in two locations in Tlaxcala, Mexico. In addition, the competi-
tive capacity of the strains was evaluated in greenhouse conditions. We followed the efficiency of native strains under different crop condi-
tions. The effects of the inoculation with native rhizobia strains were not evident on the vegetal development, according to statistical analy-
sis. However, the benefits of the inoculation were evident at legume grain production level and on the cultures grown under rotation scheme.
Bacterial strains used as biofertilizers were genetically characterized and so their permanence in soil was analyzed.

P-770

From rice plant to power plant: microbial fuel cells generate electricity from root exudates
De Schamphelaire Liesje1, Van den Bossche Leen1, Dang Son Hai1, Höfte Monica2, Verstraete Willy1, Rabaey Korneel1

1 Ghent University Laboratory of Microbial Ecology and Technology Coupure Links 653 9000 Gent Belgium
2 Phytopathology Lab, Ghent University

Microbial fuel cells (MFCs) are fuel cells in which bacteria are used to oxidize organic substrate at an anode. This enables direct generation
of electrical current using microbial catalysts. Sediment MFCs are a type of MFC in which the anode is embedded in a sediment. This anode
is capable to oxidize reduced substrates present in the sediment, with resulting electrical power generation. While these systems thus far
mainly focused on marine applications, they may have the potential to be applied in freshwater wetlands and in relation to plants. 

Plants release organic compounds into the rhizosphere during growth, and this provides a substrate for microbial root colonizers. Here, we
show that these plant derived substrates can be oxidized at an anode. It is hence possible to generate electrical power directly from living
plants in a non-destructive way.

To achieve this, sediment MFCs were installed with and without rice plants in a plant support matrix (soil, vermiculite or graphite granules).
The anodic potentials were influenced by the release of plant derived reduced materials as well as the release of oxygen through the rice
roots. Strong photosynthetic periods with high temperatures were required to mediate the onset of current production from plant derived
material. Once the process had started, electrical current densities of up to 38 mA m-2 plant growth area (PGA) and average power produc-
tions of 17 mW m-2 PGA could be attributed to rhizodeposition of the rice plants. As the system was limited by the cathodic counter electrode,
higher values are conceivable. Based on theoretical and experimental calculations, 31% of the electron content of the root exudates and 9%
of their energy content was harvested as useful power.

Whereas a typical sediment MFC is limited by diffusion to the anode, a living plant can continuously deliver substrate close to the anode,
allowing continuous power production and increasing the attainable production from a typical non-planted sediment MFC. The prospect of
sunshine driven power generation in (remote) areas with high solar inputs is offered. By oxidizing the prime electron donor for methanogens
in the rhizosphere of rice, these MFC systems furthermore open the possibility to diminish methane outputs from wetlands.

P-680
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Adaptive strategies of rhizosphere processes in different tree species on reclaimed oil shale mining areas
Lõhmus Krista1, Truu Jaak2, Truu Marika2, Rosenvald Katrin3, Ostonen Ivika3, Meel Signe3, Kuznetsova Tatjana4, Uri Veiko4, Kaar Elmar4, Mander Ülo3

1 Unversity of Tartu Institute of Geopgraphy Vanemuise 46 51014 Tartu Estonia
2 Institute of Molecular and Cell Biology, University of Tartu
3 Institute of Geography, University of Tartu
4 Institute of Forestry and Rural Engineering, Estonian University of Life Sciences

The restoration of post-industrial landscapes is a challenge. Opencast mining in the Northeast Estonian oil shale field – the largest commer-
cially exploited oil shale deposit in the world – creates substantial areas of wasteland. The relief of the alkaline (pH~8) wasteland is rugged
and extremely stony; the N and organic content of oil shale mining spoil is low. Hence afforestation is an optimal tool for the reclamation of
these disturbed landscapes. More than 10000 ha of exhausted opencast oil shale mines are afforested mainly by Scots pine (86% of the
area), however, deciduous species silver birch (Betula pendula) and black alder (Alnus glutinosa) are more productive and perspective. Trees
must invest assimilates according to an extensive or intensive strategy to optimize their mineral nutrition:

A) Extensive, by increasing the mass, surface area and length of fine roots, leading to the increase of the rhizosphere; B) Intensive, by increa-
sing or maintaining the efficiency of fine roots and rhizosphere processes through morphological adaptations of fine roots and/or the activity
of root-associated microorganisms. 

The first years are most critical for tree survival in harsh conditions. Hence the chronosequences of one-, four- and 27-yr-old stands were
included in the study with the aim of analysing adaptive strategies of rhizosphere processes in different tree species. Biolog Ecoplates were
used to determine the community-level physiological profiles (CLPP) in the rhizosphere and bulk soil samples. CLPP were summarized as
AWCD (average well color development, OD 48h-1. The substrate-induced respiration (SIR) and basal respiration (BAS) of bulk soil samples
were measured, and the metabolic quotient q(CO2)=BAS/SIR was calculated. Short root morphological studies were carried out using
WinRHIZOTM Pro 2003b. The greatest difference between one-, 4- and 27-year-old stands was revealed in the rhizosphere/bulk soil AWCD
ratio. It was in 4-yr-old stand 5-10 times higher than in the first year after planting or in a middle-aged stand. SIR increased while q(CO2) and
mean specific short root length (SRl, m g-1) decreased with increasing stand age; soil pH decreased 1-2 units during the first 26 years as well
as the acidifying effect of rhizosphere. Hence in improved soil the support of rhizosphere communities is less crucial.

P-655

Biodiversity of indigenous promiscuous soyabean rhizobia in some Zimbabwean soils
Mukutiri Josiah Tonderai, Mpepereki Sheunesu, Makonese Fred

University of Zimbabwe Soil Science & Agricultural Engineering P. O. Box MP167, Mount Pleasant N/A Harare Zimbabwe

Zimbabwean farmers make use of commercial rhizobium inoculants in the production of soyabeans (Mudimu, 1998). Although the demand
for commercial rhizobia inoculant is high farmers cannot access commercial rhizobium inoculant due to distribution bottlenecks and cost.
Promiscuous soyabean varieties offer an alternative option by exploiting their ability to nodulate with compatible indigenous rhizobia present
in the soil. The exploitation of promiscuous soyabean varieties rests on the assumption that effective compatible rhizobia are present in suf-
ficient numbers in the soil. The study evaluated the occurrence and nodulation potential for indigenous promiscuous soyabean rhizobia in
soils collected from three agro-ecological zones. Magoye, a promiscuous soyabean variety nodulated well (100%) in all soils sampled. Seven
of the improved varieties nodulated in greater than 75% of the soils. Only 1 variety, SC Edamame nodulated in the least number of soils,
about 50 %. Local soils harbour indigenous soyabean rhizobia for all improved soyabean varieties and nodulation differs according to variety.
Magoye has the potential to be grown in all soils in the 3 agro-ecological zones in Zimbabwe without the need for inoculation. Improved varie-
ties nodulate in less soils therefore the potential to exploit promiscuity in the different agro-ecological zones and soils is limited.

P-730

Effects of increasing soil salinity and nitrogen levels on grain yield, osmotic adjustments and nutrient uptake
in wheat
Heidari Mostafa1, Bakhshandeh Abdol Mehdi2

1 Zabol University Agronomy and Plant Breeding Zabol, Zabol University 98615-538 Zabol- Iran Sistan and Balochets Iran
2 Faculty of Agronomy and Plant Breeding Dept, Shahid Chamran University, Ahwaz, Iran 

The effects of nitrogen rates on grain yield, sodium and potassium, carbohydrate and proline concentration in wheat (Chamran cultivar) was
studied in a field experiment in 2004. The treatments were five levels of salinity 1.5, 5, 10, 15 and 20 ds/m as main plots and three nitrogen
ammonium nitrate levels 50, 100 and 150 kg N.ha-1 as sub plots. Five salinity treatments were used on a clay-loam soil by irrigation water
salinized with NaCl and CaCl2 (5:1 rate). Data were collected for shoot and seed samples and analyzed. Results showed by increasing sali-
nity grain yield was decreased, however N application increased grain yield. Grain yield was higher in 150 kg N.ha-1 than 50 kg N.ha-1 in all
levels of salinity. Remoblization of assimilate from stem to seed and harvest index were increased as salinity increased. N had no significant
effect on them. As salinity increased, accumulation of carbohydrate and proline in green leaf tissue of flag leaf were increased at flowering
stage. With increased N treatments, proline concentration increased but carbohydrate decreased. In this study concentration of potassium
decreased in shoot and sodium concentration increased when salinity increased. N had no significant effect on K+ concentration in seeds.
However, concentration of Na+ in both shoot and seed increased when N application increased. With increasing salinity K:Na ratio was higher
in shoot ad low in seeds. It was concluded that the plant growth, grain yield, yield components and osmotic adjustments could depend upon
N and levels of salinity in soil. The application of N could possibly be conductive to plant growth in salt affected soils.

P-811
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Growth and yield of american cotton (Gossypium hirsutum L.) as affected by planting methods and spacings
Cheema Gurtej Singh, Deol J.S.

Punjab Agricultural University, Ludhiana (India) Agronomy VPO.BHOLATH 144622 Kapurthala Punjab India

The present research entitled “Growth and yield of American cotton (G.hirsutum L.) as affected by planting methods and spacings” was
conducted at the Students’ Research Farm, Department of Agronomy And Agro Meteorology during kharif 2004.The experiment was laid out
in split plot design with four replications. The main plot treatments considered of five planting methods viz .sowing on dry beds followed by
irrigation, sowing on beds at optimum moisture, sowing on beds made dry and then irrigated for settlement ,furrow planting and flat planting.
The sub-plot treatments comprised of three plant to plant spacings i.e. 45, 60, 75 cm. Different planting methods had a non-significant on
seedling emergence, plant height, total dry matter accumulation, leaf area index, number of monopodial, sympodial branches, flowers and
bolls per plant, setting percentage, lint index, seed index, ginning out turn and total seed cotton yield. Among plant spacings, narrow plant
spacing of 45 cm resulted in taller plants with more leaf index than wider plant spacings 60 and 75 cm. However, the wider plant spacing (70
cm) resulted in significantly higher number of sympodial branches per plant, dry matter accumulation (g/plant), number of flowers and total
bolls per plant than narrow plant spacings of 60 and 45 cm. Plant spacings had a non-significant on seedling emergence, boll weight, lint
index, seed index, ginning out turn, monopodial branches per plant and total seed cotton yield.

P-981

High throughput screening of the effects of changing rhizosphere carbon flow on bacterial antibiotic produc-
tion
Standing Dominic, Prosser James, Jaspars Marcel, Killham Ken

University of Aberdeen Plant and Soil Science (SBS) Cruikshank Building, St Machar Drive AB24 3UU Aberdeen United Kingdom

Rhizosphere carbon flow changes qualitatively over time. It is generally assumed that the ratio of organic (and amino) acids to reducing
sugars increases with plant age, resulting in shifting microbial community dynamics. However, how mixed-source C-substrate quantitatively
affects functional traits of a rhizobacterial population has not received much attention. We use the model strain Pseudomonas fluorescens
CHA0 to investigate how the qualitative changes to C-flow affect the production of the antibiotic 2,4-diacteylphloroglucinol (DAPG). This key
secondary metabolite is a polyketide with known efficacy against root fungal pathogens. The extraction of DAPG from a growth matrix is time
consuming and a rate-limiting step in the development of high throughput systems. We markedly decreased analytical time by using a Porvair
Sciences Ltd Microlute® system where the contents of each cell in the growth plate can be transferred to a matching 96 well plate contai-
ning C-18 Solid Phase Extraction (SPE) medium that retains DAPG until removed with a suitable solvent for HPLC analysis. We simulated
rhizosphere ageing by decreasing the ratio of sugars to acids in 96-well plate format, each well containing an initial inoculum of CHA0. The
plates were incubated for seven days and the presence of DAPG in the growth medium quantified by HPLC. The production of DAPG was
then related to changing C flow throughout rhizosphere development. We conclude by identifying how the new screening tool can be used
to identify strategies for rhizosphere engineering.

P-995

Mesorhizobia adapted to a metallicolous plant : Anthyllis vulneraria
Vidal Céline1, Brunel Brigitte1, Chantreuil Clémence1, Maure Lucette1, Frérot Hélène2, Escarré José2, Cleyet-Marel Jean-Claude1

1 INRA Campus International de Baillarguet, TA 10/J 34398 Montpellier cedex 5 France
2 CEFE-CNRS UMR 5175, 1919 Route de Mende, 34293 Montpellier Cedex 05, France

Some human activities can seriously disturb ecosystem dynamics. It is the case of contaminated sites related to mines’ exploitation which
generate spoils and effluents extremely rich in toxic heavy metals. To limit dispersion of heavy metals that cannot be biodegraded, one
method, called phytostabilisation, uses the abilities of metallicolous plants to colonize and stabilize contaminated soils. 

The presence on one mine in the area of Saint-Laurent-le-Minier (Gard, France) of a plant-nitrogen fixing bacterium association, Anthyllis
vulneraria-Rhizobium, able to develop on soil containing high content of zinc, lead and cadmium have a major interest. Indeed, the legumi-
nous plants associated with soil bacteria transform atmospheric dinitrogen into organic nitrogen and could stimulate soil fertility like natural
manure. Thus growth of plants is stimulated and could contribute significantly to build a plant cover with root-stabilization of polluted soils. 

We compared genetic and phenotypical diversity of the nitrogen fixing bacteria associated with Anthyllis vulneraria in mining district from
metallicolous and non metallicolous populations. Metallicolous bacterial strains differed from the non metallicolous ones according to taxo-
nomy and abilities for metal tolerances; we observed a low diversity among metallicolous strains. Symbiotic bacteria associated with  A. vul-
neraria belong to the Mesorhizobium genus and constitute a new bacterial species phylogenetically close to M. tianshanense. Phenotypic
tests show a high tolerance level to zinc and lead, contrary to strains obtained from non polluted soils.

New isolated Mesorhizobium strains show a strong capacity to nodulate metallicolous A. vulneria in heavily contaminated soils and are bio-
logical materials interesting for phytostabilisation.

P-699
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The influence of mycorrhiza on the growth and yielding of strawberry and the processes taking place in the rhi-
zosphere.
Sas Paszt Lidia, Zurawicz Edward, Gluszek Slawomir

Research Institute of Pomology and Floriculture Agrotechnic Rhizosphere Lab Pomologiczna 18 96-100 96-100 Skierniewice Poland

In 2003-2006 a field experiment was carried out on the effect of mycorrhiza application and different bedding materials (peat substrate, tree
bark, saw dust, compost, rye straw) on the growth and yielding of three strawberry cultivars ‘Senga Sengana’, ‘Elsanta’ and ‘Kent’. All the
experimental plots with bedding were fertilized annually in the spring with NPK fertilizers in reduced doses (with respect to the standard NPK
fertilization - 70 kg N, 60 kg P and 120 kg K2O), i.e. 50 kg N, 40 kg P and 50 kg K2O. Organic bedding materials were applied each year at
the rate of 25 l/m2 along the rows of plants and were mixed with the surrounding soil during spreading. The mycorrhiza substrate was applied
to the soil in the root growth zone of each plant (150 mg/plant). The results of the experiment indicate that the application of mycorrhiza and
peat substrate or compost bedding to strawberry plants had a beneficial effect on the growth and yielding of ‘Senga Sengana’ plants, and
on the firmness of their fruits. The basic NPK fertilization combined with mycorrhiza application to strawberry plants of that cultivar increa-
sed the number of fruits by 21% and the yield size by 16%. The use of peat substrate or mycorrhiza also had a positive effect on root growth,
i.e. root length, diameter, surface area, volume, and the number of root tips. The applied organic bedding materials were found to have a
beneficial effect on the mineral and organic matter content of the soil.

In a greenhouse experiment, strawberry plants cv. ‘Senga Sengana’, following mycorrhiza application, had leaves with a more intense green
colour, a significantly greater number of leaves, larger leaf biomass, and greater fresh and dry weight, and volume and surface area of roots.
The inoculated plants were also characterized by higher acidity of the rhizosphere and a more efficient uptake of mineral ions (P, K, Fe, Zn
and Mn) than the control plants (with standard NPK fertilization).

The innovative character of the method consists in the combined application of reduced NPK doses and mycorrhiza substrate to plants and
the use of bedding materials (peat substrate and compost) in order to improve the nutritional status, the vegetative growth and yielding of
strawberry plants. Using the method in fruit-growing practice will improve the nutritional status of plants, increase their growth and yielding,
and as a result it will contribute to the protection of the natural environment.

P-1019

Natural endophytic association between Rhizobium leguminosarum bv. trifolii and wheat and its potential to
promote wheat plant growth and crop performance
Yanni Youssef1, Squartini Andrea2, Dazzo Frank3

1 Sakha Agricultural Research Station Soil Microbiology Sakha Agricultural Research Station 33717 Kafr El-Sheikh Egypt
2 Dipt. Agricola Biotecnologie, Univ. Padua, Padua, Italy
3 Dept. Microbiology & Molecular Genetics, Michigan State Univ., East Lansing, MI 48824 USA

Previous studies showed that Rhizobium leguminosarum bv. trifolii forms a natural, endophytic association with rice that can promote its grain
production in a strain-cultivar specific manner. That beneficial association involves the modulation of phytohormone levels in rice, resulting
in growth expansion that enables the plant to access and utilize soil nutrients and conduct photosynthesis more efficiently. Here we show
that this same rhizobial biovar also forms a natural, endophytic association with wheat, the 2nd most important cereal crop produced in Egypt.
Macerates of field-grown, surface-sterilized wheat roots were inoculated on axenic seedlings of a diverse of legume hosts containing faba-
bean, lentil, lupines, fenugreek, pea, berseem clover, soybean and chickpea that are rotated with wheat. Interestingly, true root nodules only
developed on berseem clover. Forty-seven clover nodule occupants were isolated into pure cultures and the combination of plasmid profi-
ling plus BOX-PCR genomic fingerprinting grouped them into 3 strain genotypes. The 16S rDNA gene of 8 isolates representing all 3 geno-
types was sequenced and all had a high homology to R. leguminosarum. All of the isolates nodulated berseem clover in gnotobiotic culture,
but only those of the group-2 genotype formed effective N2-fixing ones. Some isolates in the same group promoted wheat growth in PGPR
bioassay. Three consecutive years of inoculation studies in large farmers' fields indicated that some of the group-2 isolates significantly
increased wheat grain yield from 16.2% to 39.0%, depending on the variety, strain and geographical location. Inocula consisting of some
consortia of wheat-adapted rhizobia performed better than others or than did some single isolates alone. Also, several inoculant formulations
significantly increased the agronomic fertilizer-N use efficiency of wheat, indicating that they enhanced the plant's ability to produce grain
while reducing its dependence on chemical fertilizer-N to achieve high yields. Considered collectively, these studies indicate that Rhizobium
leguminosarum bv. trifolii is particularly adapted to develop natural endophytic associations with wheat and rice roots in the Nile delta, and
some isolates that occupy this ecological niche have high potential for development as biofertilizer inoculants that can improve grain produc-
tion of these important cereal crops in this geographical region.

P-769
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Thymelea lythroides a potential host for Pisolithus spp. associated with Quercus suber in Morocco
Bakkali Yakhlef Salaheddine1, Abourouh Mohamed1, Mousain Daniel2, Abbas Younes1, Kerdouh Benaissa1, El Mnouar El Ayyachi1, El Idrissi Hanae1,
Duponnois Robin3

1 Centre de Recherche Forestière Charia omar Ibn Khattab, B.P.763 763 Rabat Morocco
2 UMR 1222 Biogéochimie du Sol et de la Rhizosphère, INRA-SupAgro, 2 place Viala F-34060 Montpellier Cedex 1, France
3 IRD. UMR 113 CIRAD/INRA/IRD/Sup Agro/UM2. Laboratoire des Symbioses Tropicales et Méditerranéennes (LSTM). Montpellier. France.

Quercus suber is of a high interest for local populations in Morocco, both for the value and for the diversity of its products. The anthropoge-
nic pressure exerted over a long time reduces significantly the surface of this species and then restricts its area of its distribution. As a conse-
quence, the physico-chemical and biological soil properties are degraded. Land degradation is usually associated with reduction in the below-
ground microbial diversity and / or activity of major biogeochemical cycles. So, natural plant communities become degraded and the proces-
ses of desertification are accelerated.

In Moroccan cork Oak woodlands there is many dwarf and tall shrub communities which are characteristic of mediterranean ecosystems.
Thymelea lythroides is among the frequent shrubs encountered in these areas. Unfortunately, data on this species are not available particu-
larly its mycorrhizal status. So, in our researches, we were interested in this shrub to know if really it can be considered as a vector of myco-
symbionts propagation able to facilitate natural regeneration processes of Quercus suber.

Nineteen basidiomata of Pisolithus spp. were collected under T. lythroides in association with Quercus suber. The amplification product of
the ITS region showed an electrophoretic band of molecular weight ranging between 600 and 700 bp. The analysis of the restriction profiles
obtained with Hinf I, Msp I and Taq I enzymes, leads us to differentiate two genetic types within Pisolithus spp. According to our data on the
ITS sequences of Pisolithus spp. associated with Q. suber, there are only two species of Pisolithus (species 6 and 4, following Martin et al.,
2002) that were encountered. The same species of Pisolithus were found in association with T. lythroides in the Mamora.

We think that the management of the T. lythroides shrub layer could represent a benefical factor for the reconstitution of the soil symbiotic
microflora and thus to contribute to the regeneration of cork Oak in the Mamora.

P-1127

Wetland ecosystem and its rhizospheric environment for generous output and soil-water characterization in
Indian subtropics
Puste Anandamoy, Roy Pramanik Binay, Jana Kalyan, Roy Ajit, Das Dilip Kumar

Bidhan Chandra Krishi Viswavidyalaya Agricultural Agronomy DR. A. M. Puste, B - 8 / 127, P.O. Kalyani, Nadia 741235 Kalyani West Bengal India

Soil, water and biological entity are integral part of global natural resources, determined greatly wetlands, its diversity, habitats of thousands
aquatic flora & fauna. Categorically, wetlands are lands transitional between terrestrial and permanent wet body, where soil is frequently
waterlogged during rainy months with different water depths. Inland wetlands including coastal ecosystem comprises of 25-30%, intersected
with main river system and it’s so many tributaries like oxbow lakes (mauns, chaurs, jheels, beels, nayanjali called locally), mostly domina-
ted in the north-eastern Indian sub-continent. These rhizospheric zones are immense valuable, useful for fish-aquatic crop diversity, preser-
ved carboniferous environment of the ecosystem as sources, sinks and transformers of a multitude of chemical, biological and genetic mate-
rials and ultimately sustained economic stability to millions of people in the regions, maintaining an ecological balance. Case studies were
undertaken on nature and characteristics of wetland ecosystem as per depth and submergence, permanent, semi-permanent and tempo-
rary and on production system of popular and enriched aquatic food crops (water chestnut - Trapa bispinosa Roxb. and makhana - Euryale
ferox Salisb.) and fish variables for the benefits and economic stability of farm-families in the regions. Physico-chemical characterization of
soil and water in wetlands greatly differs relating to individual characteristics. Indeed, organic matter is high enough but due to anaerobic
situation, it partially decomposed. The rhizospheric soil status was further improved allowing certain time for quick decaying of such waste
materials during post-wet months and effectively utilized this resourceful humus soil for succeeding arable crops, saves a substantial amount
of chemical fertilizer as well as improvement of soil physical condition. Remarkable improvement on fruit and kernel yield, MYE (makhana
yield equivalent) and economic output (GMR, NP and B-C ratio) were also exhibited with the system. The soil physico-chemical characteris-
tics are most important for growing such aquatic food crops. All the characters of both soil and water were significantly influenced by depth
and duration of submergence as well as rhizospheric characteristics under this investigation. These were most responsive, quite adaptable
for both the crops and favourable for effective utilization of these vast waste wetlands safely, who are inextricably linked with system.

P-392
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Effect of ploughing depth on root development
Mahfoud Amara, Fatiha Harrad, Sid-Ali Chaabna

INA GR Hassan Badi 16211 El-Harrach Alger Algeria

This work concerns the effect the depth of the work of the soil on the development of the roots of a cereal corn and the consequences on
the output of the culture. The tests showed that the piece having undergoes a sub soiling with a 0.50 m depth has a cone index lower than
that obtained on the ploughed piece with 0.27 m and that on the latter, cone index increases, after the pseudo ploughings and surface work,
up to a value of 13.24 daN/cm2 on the depth level of 0.13 m the development of the roots was better on the level of the in-depth worked
piece. The consequences of the development of the roots was illustrated by an output of 2.787 tons / hectare on the piece worked with a
0.50 meters depth which is higher than that obtained on the piece worked with 0.27 meters and which is only 2.236 tons/hectare, that is to
say a difference in 0.551 tons/hectare.

P-1164

Effect of plant growth promoting rhizobacteria on morphological and physiological characteristics and yield of
wheat (Triticum aestivum L. cv milan)
Ramezanpour Mahmoodreza, Valed Saravi Cobra, Rezaei Mohammadali

Water and Soil Section Center of Research Iran-Mazandaran-Sari- 48188-95763 Sari Mazandaran Iran

Some microorganisms which are present in rhizospher are the cause of a number of physiological and morphological changes in plants.
These changes have some positive effects on plant growth, nutrition and health. These microorganisms are called Plant Growth Promoting
Rhizobacteria (PGPR). Before now, this term was used for Pseudomonas fluorescens bacteria group, but today it has wider meaning and
includes bacterias like Pseudomonas, Azotobacter and Azosprillum. This experiment is being carried out in the field with 2 strains of
Pseudomonas putida, Pseudomonas fluorescens and Azotobacter. Treatments include :

1)NPK without inoculation(control)
2)NPK + P. putida1
3)NPK + P. putida2
4)NPK + P. fluorescens
5)NPK + Azotobacter
6)NPK + Azotobacter + P. putida1
7)NPK + Azotobacter + P. putida2
8)NPK + Azotobacter + P. fluorescens

Results showed that inoculated wheat seed with Pseudomonas and Azotobacter increased yield and improved physiological properties (N ,
Fe , Chl, Car , Pro , GB content and nitrate reductase activity) and morphological properties such as tillering and biomass.

P-1230

Effect of different planting times and isoflavon genisteine concentrations in root zone on nodulation and nitro-
gen fixation of three Medicago species
Abedin Fatemeh, Aminidehaghi Majid

Azade University Iran 3319118651 Tehran, Iran

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

P-1296
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The effect of a new slow release compost, fulvic acid and micro-organisms on soil fertility, yield and quality of
potatoes grown in sandy soil
Malan Christo1, Reyneke Gerhard1, Kotze Human2

1 Agrilibrium Pty Ltd 217 Main street, Waterkloof 0181 Pretoria Gauteng, South Africa
2 ARC SAND Experimental Farm, Redelinghuys, South Africa

The commercial production of potatoes in South Africa is mostly done on sandy soils that contain less than 5% clay with almost no organic
matter content (% C < 0.1%). This results in low binding (low CEC) and retention of plant nutrients as well as inefficient nutrient exchange
and utilization by plants. Therefore high application of chemical nutrients is standard practice in potato production to achieve acceptable
yields. Furthermore, due to the low organic matter content and high free salt concentration in the soil solution, microbial activity is totally
absent resulting in sub optimal root development. In practice the high nutrient and water application requirement per kg harvested are beco-
ming prohibitively expensive.

It was hypothesized that by restoring balance and synergy in the soil through firstly a new long lasting slow release compost not containing
any manure or straw using fresh wood fiber and selected micro-organisms, secondly a unique high concentration fulvic acid developed using
a renewable plant resource (phytofulvate) and lastly to complete the soil applied treatment with a combination of specific rhizosphere micro-
organisms, this equilibrium farming and synergy concept would restore soil balances, improve nutrient and water uptake, increase yield and
quality including mineral nutritional value. An extra treatment was added where micronutrients and growth stimulants were foliarly applied. 

In this statistical trial done at the SAND Experimental Farm a highly significant best treatment (soil plus foliar) increase in yield of 24.7 ton/ha
(43%) was achieved. Compost alone yielded 12% (3.56 ton/ha) higher than the control while the addition of fulvic acid and microbes resul-
ted in 25% (14.19 ton/ha) increase in yield. The soil treatment had a direct effect on soil chemical changes (higher CEC (15%) and %C (38%),
lower resistance (-38%)). Mineral nutrient retention in the soil eight months after treatment was between 7% (Zn) and 46% (Mn) higher than
in the non-treated soil. Content of certain minerals also increased in harvested potatoes resulting in improved nutritional value to the consu-
mer. The synergism and symbiosis between micro-organisms and potatoes grown in a balanced soil environment are evident in the results.

P-1197

Effect of bentonite and chickpea on the content in nitrogen of durum wheat cultivated in sandy soil
Belkhodja Moulay, Reguieg Yssaad Houcine Abdelhakim

Université de Mostaganem Biologie BP 923 Mostaganem 27000 Mostaganem Oranie, Algeria

The Mostaganem land sandy soils have a low clay content. Addition of bentonite in these soils and durum wheat-chickpea culture associa-
tion, constitute the two ecophysiological strategies to rehabilitate this agricultural region. The changes in available nitrogen contents (NH4

+

and NO3
- nitrogen) in soils with our without addition of 10% bentonite have been analysed during the development of the two species. Results

show that the NH4
+ and NO3

- nitrogen in the soil are high in association culture at all plant development stage and with bentonite application.
The amount of nitrogen in the soil is higher in the soil with 10% bentonite addition at tillering stage. 

P-1295


