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TO OUR READERS

Welcome once again to our Newsletter, the first issue for 1993. As usual we have a
number of things which you may like to hear.

First, it is with great pleasure that I announce that the new Co-ordinated Research
Programme (CRP) on "The Use of Nuclear and Related Techniques in the Evaluation of the
Agronomic Effectiveness of Phosphate Fertilizers, in particular Rock Phosphates" (first
announced in the July 1992 issue of the Soils Newsletter) will come into operation in the
second half of 1993, with 12 contract holders and 6 agreement holders. A consultants meeting
on this subject was held from 10 to 12 May in Vienna, with specialists from France,
Romania, Spain, Venezuela, USA and the staff of the Soil Fertility, Irrigation and Crop
Production Section, and from the Soils Science Unit of the Agriculture Laboratory in
Seibersdorf. Details of these meetings are given elsewhere in this Newsletter. I would like to
take this opportunity to thank the French Government for its financial support which has
made it possible to initiate this programme.

Two Research Co-ordination Meetings (RCMs) were held during the first half of 1993.
One was the final RCM of the CRP on "The Use of Nuclear and Isotopic Techniques to
Improve Crop Production on Salt-affected Soils" which was initiated in 1985 and completed
in April 1993. Now, we are preparing the final publication with the results received during
the 7 years of research. The other, was the second RCM of the CRP on "The Use of
Molecular Biology in Studies of Microbia! Ecology".

Two other RCMs will be held this year, one on "The Use of Nuclear and Related
Techniques in Assessment of Irrigation Schedules of Field Crops to Increase Effective Use of
Water in Irrigation Projects", in Fundulea, Romania, from 24 - 28 August; and the other one
on "The Use of Isotopes in Studies to Improve Yield and N2 Fixation of Grain Legumes with
the Aim of Increasing Food Production and Saving N-Fertilizer in the Tropics and Sub-tropics
of Asia", in Tamworth, Australia, from 30 August - 3 September.

With the new Technical Co-operation (TC) projects approved for the two-year cycle
1993/94, the Soil Fertility, Irrigation and Crop Production Section now has the technical
responsibility for 78 TC projects in the Africa, Asia and Pacific, Latin America, and Middle
East and Europe regions. New projects are being implemented for the first time in Algeria,
Kenya, Myanmar and the Philippines.

The FAO/IAEA Regional Seminar for Asia and the Pacific on Nuclear Related Methods
in Soil/Plant Aspects of Sustainable Agriculture was held in Colombo, Sri Lanka. Recent
progress in soil fertility and crop production research using isotopes and other nuclear
techniques in the Asia and Pacific region were discussed at this seminar. It placed special
emphasis on approaches for developing technologies for sustainable agriculture and reducing
environmental pollution. This is of particular importance to the Asia and Pacific region where
a rapidly increasing population has resulted in greater demand for the limited land resources
available. More details are given later in this Newsletter.

The third co-ordination meeting of the FAO/IAEA Regional Middle East and Europe
project on "The Use of Nuclear and Related Techniques in Plant Nutrition and Water Balance
Studies in Legume-Cereal Crop Rotation Systems is planned to be held in August 1993. The
host country this time will be Saudi Arabia.



As mentioned in our previous Newsletter, plans are underway in the organization of the
two symposiums for 1994. One, a five-day symposium on "The Use of Nuclear and Related
Techniques in Soil/Plant Studies of Sustainable Agriculture and Environmental Preservation"
is planned to be held in Vienna. The other, a special symposium on "The Use of Nuclear and
Related Techniques in Soil/Plant Studies" will be held as part of the XVth International
Congress of Soil Science in Acapulco in Mexico. Details of these symposiums appear under
Symposium and Seminar in this Newsletter.

The FAO/IAEA Interregional Training Course on the Use of Isotope and Radiation
Techniques in Studies on Soil/Plant Relationships is in progress (1 June - 9 July) for the 15th
successive year at the Seibersdorf Laboratory. This year the emphasis is on soil water
management. Twenty-two scientists from Bangladesh, Brazil, Bulgaria, China, Cot6 d'lvoire,
Cuba, Egypt, El Salvador, Indonesia, Iran, Malaysia, Mexico, Morocco, Nicaragua,
Philippines, Romania, Sierra Leone, Sudan, Syria, Turkey, Venezuela and Viet Nam are
participating in this training course.

I would also like to inform our readers that Ms. Eva Holmgren, the Associate
Professional Officer (APO) of the FAO/IAEA/SIDA CRP on "The Use of Isotope Studies on
Increasing and Stabilizing Plant Productivity in Low Phosphate and Semi-arid and Sub-humid
Soils of the Tropics and Sub-tropics", left in February 1993 to join the FAO Regional Office
in Accra, Ghana. The back-up research under this CRP is now being assisted by Ms. Adriana
Montanez recruited recently.

For new TC projects, the next biannual cycle will be 1995/96. Funding of these
projects will be considered at the annual General Conference in September 1994. If you wish
to apply for a TC project for 1995/96, you should initiate action immediately, and ensure
having it at the IAEA before the end of this year. The national authorities responsible for
IAEA matters allocate priorities for the various proposals in different fields. Therefore, a
dialogue between yourself and the national authorities is highly recommended.

As always, we would be pleased to receive from you any comments and suggestions for
improvement of this Newsletters' format or contents. Also, please notify us promptly of any
change in your mailing address. In the meantime, let me thank you sincerely for all your
contributions and continued interest in this Newsletter.

Christian HERA
Head
Soil Fertility, Irrigation ard
Crop Production Section

STAFF
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Soil Fertility. Irrigation and Crop Production Section

Christian HERA, Head of the Section
Seth K.A. DANSO, First Officer
K. Saliya KUMARASINGHE, Second Officer
Manase P. SALEMA, Regional Expert

(Soil Fertility, Plant Nutrition)
(Microbiology, Soil Fertility)
(Plant Physiology, Soil Fertility)
(Microbiology, Soil Fertility)

Secretarial staff: Ruth ROSSI
Ingrid PUSCHNIG

2. Soil Science Unit. Joint FAQ/IAEA Programme. Agency's Laboratories
A-2444 Seibersdorf. Austria

Felipe ZAPATA, Head of the Unit
Gudni HARDARSON, Research Officer
Helga AXMANN, Head Analyst
K.Olufemi AWONAIKE, Soil Scientist
Marius W.QU1ST, Associate Pro-

fessional Officer
Naoto KATO, Visiting Scientist

Technical Staff:

Jose Luis ARRILLAGA
Leopold MAYR
J. Aldo SEBASTIANELLI
Angela SESSITSCH
Stefan BOROVITS
Gerhard ECKHARDT
Christine FICKER
Norbert JAGODITSCH
Adriana MONTANEZ

(Soil fertility, plant nutrition)
(Soil microbiology)
(Analytical chemistry)
(Nitrogen fixing trees)

(Forestry research)
(Agrochemistry).

(Laboratory technician)

(Laboratory assistant)

Secretarial Staff: Marie-Andree ABLOSCHER

3. Staff Changes

Ms. Eva HOLMGREN, who worked as the Associate Professional Officer of the
FAO/IAEA/SIDA CRP on "The Use of Isotope Studies on Increasing and Stabilizing Plant
Productivity in Low Phosphate and Semi-arid and Sub-humid Soils of the Tropics", at the
Soils Unit of the Seibersdorf Laboratory since May 1991, left in February 1993 to join the
FAO Regional Office for Africa in Accra, Ghana. During her stay here, she received training
in the use of isotope and related nuclear techniques in soil/plant studies with particular
emphasis on phosphate and water use efficiency. Experiments conducted included those on the
validation of the relationship between water use efficiency and 13C/12C carbon isotope
discrimination of crop plants. She was a conscientious and a hard worker and we wish her
success in her future endeavours.



CO-ORDINATED RESEARCH PROGRAMMES

1. The Use of Isotope Studies on Increasing and Stabilizing Plant Productivity in Low
Phosphate and Semi-arid and Sub-humid Soils of the Tropics and Sub-tropics

(Project Officer: K. Saliya KUMARASINGHE)

This CRP, funded by the Swedish International Development Authority (SIDA), is now
in its fourth year of operation. The annual review of this CRP was held in April. SIDA
expressed their satisfaction towards the good progress made in this programme so far.
Funding has been recommended until October 1994.

The present contract holders (10) are: Messrs. M. Abdou (Egypt), I. Ofori (Ghana),
D.O. Nyamai (Kenya), M. Bazza (Morocco), N. Afolabi (Nigeria), L. Cisse (Senegal), D.
Amara (Sierra Leone), K.H. Elamin (Sudan), M. Mechergui (Tunisia) and Ms. Bui Thi Hong
Thanh (Viet Nam). The five agreement holders include: Messrs. W. Horst (Germany), N.
Sanginga (Nigeria), A. Haystead (New Zealand), P. Hogberg and K. Johanson (Sweden).
K.H. Elamin (Sudan) replaced A. Mustafa who is presently on study leave in Helsinki.

The programme is being implemented as scheduled and the last Research Co-ordination
Meeting is planned for 1994.

2. Improvement of Yield and N-, Fixation of Grain Legumes with the Aim of Increasing
Food Production and Saving N-Fertilizer in the Tropics and Sub-Tropics of Asia

(Project Officer: Seth K.A. DANSO)

This CRP is now in its fourth year, and is still operating largely on funds donated by
UNDP. Experiments on selecting for grain legumes with high N2 fixation capacity are
continuing, and the large genotypic differences found in N2 fixation and yield among various
cultivars and mutant lines is being exploited to breed for cultivars that combine high yield
with high N2 fixation.

A Fourth Research Co-ordination Meeting is planned for participants of the CRP in
Tamworth, Australia, from 30 August to 3 September 1993. Our host will be Dr. D.
Herridge, an Agreement Holder in the CRP. Following the CRP, participants will attend
two conferences in Brisbane, Queensland, the Tenth Australian Nitrogen-Fixation Conference
(7th-10th September) and Third International Symposium on Plant-Soil Interactions at Low
pH (12-16 September). It is hoped that the interaction with other international scientists will
enhance the capacity of participants in the CRP. The present contractors are: M.S. Sattar
(Bangladesh), L. Haixian and Y. Chongbiao (People's Republic of China), F. Yusuf
(Pakistan), N. Boonkerd (Thailand), F. Abdul Wahab and I. Rusli (Malaysia), R. Senaratne
(Sri Lanka), C M . Rosales (Philippines), Xuan Hong Nguyen (Viet Nam). The two
Agreement Holders are: D. Herridge (Australia), O.P. Rupela (India).



3. The Use of Nuclear Techniques in the Management of Nitrogen Fixing Trees for
Enhancing Soil Fertility and Soil Conservation

(Project Officer: Seth K.A. DANSO)

The CRP is still on-going, and participants are continuing with experiments to measure
genotypic differences in nitrogen fixation, the effect of age of tree and/or changes in soil
fertility with time on nitrogen fixation in different trees, the effect of management practices,
particularly inoculation and pruning practices on nitrogen fixation, decomposition of tree litter
and improvement of the 15N method for measuring nitrogen fixation in trees.

The progrmame still has eleven contractors. C, Ovalle-Molina (Chile), C. Yuehua
(People's Republic of China), E.Y. Safo (Ghana), S.Hj. Abdul Hamid (Malaysia), K.A.
Malik (Pakistan), M. de S. Liyanage (Sri Lanka), B. Sougoufara and M. Gueye (Senegal), P.
Wadisirisuk (Thailand), M.A. Bekunda (Uganda), and N. Mbaya (Zaire). The four
agreement holders are: J.K. Ladha (IRRI, Philippines), C. van Kessel (Canada), K.
Mulongoy (IITA, Nigeria) and D. Baker (USA).

Results of the on-going experiments are expected to be presented during the third
Research Co-ordination Meeting which is planned for October 1994.

4. The Use of Nuclear and Isotopic Techniques to Improve Crop Production on Salt-
affected Soils

(Project Officer: Christian HERA)

The above CRP was initiated in 1985 with the objective of finding ways of amelioration
of physical, chemical and biological properties of salt-affected soils and their effects on plant
growth. This year, the programme was completed with the last RCM held from 26 - 30
April. More details of this RCM appear elsewhere in this Newsletter.

5. Assessment of Irrigation Schedules of Field Crops to Increase Effective Use of Water
in Irrigation Projects

(Project Officer: Christian HERA)

This programme is now in its second year of implementation. The programme includes §
sixteen participants: P.L. Libardi (Brazil), W. Fujun (People's Republic of China), <•{
B.G. Pene (Cote d'lvoire), M. Calvache (Ecuador), M. El-Haris (Egypt), G. Vachaud f
(France), S. Adiku (Ghana), T. Kovacs (Hungary), A. Ahmad (Malaysia), M. Tayaa ;l
(Morocco), M. Iqbal and R. Waheed (Pakistan), I. Craciun (Romania), M.S. Anac and C. |
Kirda (Turkey) and J. Hopmans (USA). I

Experiments planned at the first RCM, held in February 1992, are now nearing .?
completion and the results will be presented at the next RCM to be held from 24 - 28 August
1993 in Fundulea, Romania. The relevant correspondence have already been sent to the
participants of this RCM.



6. Enhancing Soil Fertility and Crop Production by better Management of Rhizobium

(Project Officer: Gudni HARDARSON)

The readers are kindly requested to note that the title of this CRP has now been
changed from "The Use of Molecular Biology in Studies of Microbial Ecology" to
"Enhancing Soil Fertility and Crop Production by better Management of Rhizobium".

Five new contracts have been made with scientists in developing countries to take part
in the Co-ordinated Research Programme on "The Use of Molecular Biology in Microbial
Ecology (Dl.40.06). These are: Messrs. S.M. Tsai, CENA, Brazil; J.A. Qureshi, NIBGE,
Pakistan; H. Moawad, National Research Centre, Egypt; E. Martinez, Cuernavaca, Mexico;
and A. Popescu, Fundulea, Romania.

A Research Co-ordination Meeting was held in Vienna, Austria, from 8 - 1 2 March
1993 as part of this programme. A report from the meeting is presented elsewhere in this
Newsletter.

7. The Use of Nuclear and Related Techniques for Evaluating the
Agronomic Effectiveness cf Phosphate Fertilizers, in particular Rock Phosphates

(Project Officer: Felipe ZAPATA)

This CRP is funded by the French Government for its first year of operation (1993). A
Consultants Meeting was held at the Agency's Headquarters in Vienna from 10 to 12 May
1993. The overall objective of the meeting was to review the current status and future trends
on the use of tracer techniques in phosphate research. The group also made detailed
recommendations for the implementation of this CRP. The first RCM will be held in
November 1993, at the Vienna International Centre. This CRP will start implementation with
12 contractors and 6 agreement holders.

FAO/IAEA TRAINING COURSES

1. The FAO/IAEA Interregional Training Course on the Use of Isotope and Radiation
Techniques in Studies on Soil/Plant Relationships, with Emphasis on Soil Water
Management rC7-INT-5-127)
1 June - 9 July 1993, Seibersdorf (near Vienna), Austria
Technical Officer: Christian HERA; Course Director: Felipe ZAPATA

The work plan of the course was implemented as scheduled. Official deadline for
submission of nominations was 5 of March 1993. Up to 24 March (final date of the technical
evaluation), 120 official nominations had been received by the Agency from 50 Member
States. The selection panel selected 23 well-qualified candidates from the various geographical
areas. Selected leading scientists have also been invited as lecturers to cover various topics in
connection with the main theme: soil water management. Detailed information will be
provided in the next issue.



2. The FAQ/IAEA Regional Training Course on The Use of Isotope and Radiation
Techniques in Studies of Soil/Plant Relationships with Emphasis on Salt-affected Soils.
6 September - 1 October 1993, Ankara, Turkey
Technical Officer: Christian HERA; Course Director: Cevat KIRDA

Nominations for this training course were closed on 10 May. These are now being
evaluated and the candidates selected will be notified in due course.

As mentioned in the December 1992 issue, this is a four-week course. It will
cover basic aspects of isotopic and related nuclear techniques in soil/plant relationship studies
with emphasis on topics related to crop salt tolerance mechanisms, amelioration of salt-
affected soils, prevention of secondary salinity in arid-zone irrigation projects, salt leaching,
and irrigation water quality. Broad coverage of techniques will be given through intensive
classroom lectures, laboratory sessions, greenhouse and field experiments, films and
discussion groups. Participants should, on completion of the course, be able to know how
isotope and radiation techniques can be effectively used for improved crop production in salt-
affected soils and sustaining soil productivity in arid-zones through prevention of secondary
soil salinity, and efficient and rational use of scarce water resources.

MEETINGS

1. Planned

The second FAO/1AEA meeting for co-ordination of research of the regional project for
Middle East and Europe on "The Use of Isotopes and Related Nuclear Techniques in
Plant Nutrition and Water Studies under Legume-Cereal Crop Rotation Systems". 2 - 4
August 1993. Ryadh, Saudi Arabia

The above regional project was initiated in 1991 with the objective of introducing,
promoting, and extending the use of nuclear techniques in agricultural research to increase
crop production in the Middle East and Europe region. The first meeting for co-ordination of
research of this project was held in Vienna from 15 to 17 May 1991. This was followed by a
workshop held In Damascus, Syria, from 8 - 18 September 1991, and another one held in
Ankara, Turkey, from 7 - 1 1 September 1992. The experiments planned in 1992 are now
complete and the results of these experiments will be presented, and future research strategy
planned at the proposed meeting in Saudi Arabia.

2. Completed

(a) The second Research Co-ordination Meeting of the FAQ/IAEA Co-ordinated Research
Programme on "The Use of Molecular Biology in Microbial Ecology". 8 - 1 2 March
1993. Vienna International Centre. Vienna. Austria

Scientific Secretary: Gudni HARDARSON

The programme of the meeting included presentations of the research performed in
support of this programme. Papers were given by Drs. J. Cooper (UK); D.G. Jones (UK);



W. Ludwig (Germany); A. Akkermans (Netherlands): E. Martinez (Mexico); A. Popescu
(Romania); W. Broughton (Switzerland); H. Moawad (Egypt); S.M. Tsai (Brazil); J.A.
Qureshi (Pakistan); A. Sessitsch (FAO/IAEA) and S.K.A. Danso (FAO/IAEA).

The presentations of papers was followed by the planning of research work to be
performed for the next two years. Most of the participants will be working on the ecology of
Rhizobium leguminosarum bv phaseoli and R. tropici with the objective (o enhance biological
nitrogen fixation in common bean.

Excerpts from presented reports:

J.E.Cooper. A.J. Bjourson
The Queen's University of Belfast
Northern Ireland. UK

Subtraction hybridization procedures for generating strain - specific Rhizobium DNA probes

Subtraction hybridization is the term applied to procedures for the removal from one
organism of nucleic acid sequences which are shared with other, related organisms. The
sequences remaining are unique to the organism in question. We have developed such
procedures to isolate strain-specific DNA probes for Rhizobium. Initial attempts involved the
hybridization of DNA from a prospective probe strain with a mixture of DNA from cross-
hybridizing strains (subtracter DNA) which was biotinylated and mercurated. Subsequent
separation by affinity chromatography with streptavidin agarose and thiopropyl sepharose
yielded unique probe strain sequences in the eluate.

Further development work was aimed at removing the toxic mercuration step,
improving the efficiency of removal of the unwanted probe-subtracter hybrids and
incorporating an amplification step to increase the quantity of probe DNA resulting from the
subtraction procedure.

In the final version of the techniuqe probe and subtracter DNA were digested with a
restriction enzyme before linking to different primers prior to subtraction. The independent
priming of the subtracter DNA allowed its amplification by PCR in order to provide the
necessary large molar excess over probe-strain DNA in the subtraction event. Four distinct
strategies were employed to separate probe-strain-specific sequences from subtracter
sequences and probe/subtracter hybrids: streptavidin-phenol-chloroform extraction of
biotinylated subtracter DNA and its hybrids; NENSORB chromatography to capture any
biotinylated subtracter DNA which may have escaped the phenol extraction step; substitution
of dTTP by dUTP in the subtracter DNA before subtraction to permit its subsequent
destruction with uracil DNA glycosylase (UDG); finally, unique probe-strain sequences were
amplified by PCR with a probe-strain-specific primer. Two rounds of subtraction/
amplification are normally sufficient to remove cross-hybridizing sequences and generate a
strain-specific probe.



D. Gareth Jones. P.M. Lewis
University of Wales, Aberystwyth
Dyfed. UK

The genetic basis of variation in the ecology of Rhizobium species

Genetic variation in natural populations of various Rhizobium spp. has been studied
using several molecular techniques. Isolates have been characterised on the basis of plasmid
numbers and sizes (profiles) and the number and size of Sym plasmids. Isolates with high
plasmid numbers and multiple Syms were more often found in acid soils. The relationship, or
homology, of Sym plasmids, and individual cryptic plasmids is being studied by analysis of
digest patterns. Eluted cryptic plasmids are being used to probe genomic libraries to facilitate
these studies. The curing of plasmids by heat treatment and by use of the sac gene methods
(sensitivity to sucrose) is being undertaken to facilitate a better understanding of their
functions.

Genetic manipulation of isolates to combine high symbiotic effectiveness with high
competitive ability has been successful in R. leguminosarum bv. rrifolii, especially so using
auseotropic rather than antibiotic resistance markers. Work is also in progress to improve the
competitive ability of isolates R. loti by the introduction of opine catabolic genes to match
opine producing genes in the host plant (Lotus corniculatus).

The use of PCR and RRAPDs is also being used in the identifications of Rhizobia and
plant pathogenic fungi, especially Alrernaria spp.

W. Ludwig. R. Amann
Technische Universitaet
Muenchen. Germany

The rRNA approach: reconstruction of bacterial phytogenies, design and application of
specific probes

23S and 16S ribosomal ribonucleic acids or the corresponding genes are both excellent
phylogenetic makers and useful targets for specific hybridication probes. They are
functionally conserved, present in all organisms and contain highly conserved to highly
variable structure elements. Comparative sequence analysis of 16S rRNAs from so far about
1200 Bacteria allowed a comprehensive insight in bacterial evolution. Phylogenetic analyses
based on alternative phylogenetic marker molecules such as 23S rRNA, elongation factors and
conserved subunits of ATPases showed, that 16S rRNA based phylogenetic trees do reflect
the evolution of the organisms and not only their own history.

The primary structures of the rRNA molecules provide diagnostic regions for
phylogenetic groups of organisms which can be used as target sites of specific oligonucleotide
hybridization probes. Target sites for species specific probes are located within highly
variable sequence stretches, those of group specific (domain, kingdom, subclass) probes
within more conserved regions. In combination with fluid (capture techniques) or solid phase
(blot and in situ colony techniques) hybridization techniques, specific probes are valuable
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tools for rapid qualitative and quantitative detection of bacteria even within complex samples.
The application of the polymerase chain reaction (PCR) technique for target amplification
allows to increase the sensitivity of the approach.

Modern cell hybridization methods with appropriately labelled probes allow the
microscopic in situ detection and enumeration of bacteria within their ecosystems. Moreover,
for the first time in the history of microbiology, phylogenetic analyses of so far non-
culturable bacteria can be performed by the combined use of PCR based rRNA sequence
analysis and in situ cell hybridization.

A. Akkermans
Agricultural University
Wageningen. The Netherlands

Sequence analysis and use of DNA probes in microbial ecology

The aims of our research programme are to understand: - structure and function of
microbial ecosystems; - mechanisms of adaptation in stressed ecosystems; phylogenetic
position of recalcitrant microbes; - interactions between Frankia-piant symbiosis.

Since the conventional microbiological methods are o'ten inaccurate, we investigate the
microbial communities at the DNA/RNA level. Major effor.s are given to: - extraction
procedures of DNA and RNA from soil and bacteria; - amplification techniques of 16S rRNA
genes for sequencing and probe design; quantification of dot-blot or in-situ hybridization
signals; - use of CusA as markergene.

The research is focused on the recalcitrant organisms: - Frankia in root nodules of
Alnus, Casuarina, Coriaria and Datisca; - symbionts in the ileum of mice: segmented
filamentous bacteria; - nitrifyers in soil: Nitrosospira; - plant pathogenic bacteria and fungi; -
sulfate-reducing bacteria in anaerobic sludge: Synthrophobacrer woUnii.
In addition, "easy" microbes, e.g. Rhizobium and Streptomyces are investigated. In the
Rhizobium work, we focus on the use of markergenes in competition studies (see contribution
of A. Sessitsch, IAEA, Seibersdorf). Our Streptomyces work is concentrated on the effect of
antibiotics (neomycine and thiostrepton) and antibiotic resistance genes on the selection and
adaptation of streptomycetes in soil.

For the identification and phylogenetic analysis, we focus on the ribosomal RNA as
target. We have developed specific oligonucleotide probes for various micro-organisms in
above mentioned groups and have used those for detection and identification of
microorganisms in environmental samples. Although this approach seems very promising,
technical problems arise in detecting low numbers of slow growing or dormant
microorganisms in complex systems, e.g. soil.

Many Frankia strains are still non-culturable. Their presence and identity have been
studied by sequencing PCR amplificates of 16S and 23S rRNA genes and nifH genes. Two
large-scale field studies have been conducted to study the sequence variation of strains in
different environments. The first study is focused on the occurrence of Frankia strains that
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nodulate Coriaria nepalensis and Datisca cannabina in soils collected from different places in
the Northern hilly region of Pakistan. The second study is focused on the occurrence of
ineffective strains on Alnus glutinosa in Dutch soils. Oligonucleotides have been developed to
identify various Frankia strains in nodules.

In addition to the field studies, we have extended localization studies of nifH transcripts
in nodules in Coriaria nodules by using in-situ hybridization. The results indicate that nifH
transcripts are localized in filamentous vesicles oriented towards the centre of the host cell.
The results indicate that these filamentous vesicles are functionally identical to the spherical
vesicles of the Alnus nodule endophyte.

E. Martinez
Centra de Investigation sobre Fijacion de Nitrogeno
Cuemavaca. Mexico

Ecology of rhizobia nodulatinp bean and Leucaena

Phaseolus vulgaris (bean) is an important crop for human nutrition in many countries.
It is capable to fix nitrogen with two Rhizobium species: R. etli and R. tropici and with other
non-classified bacteria. R. etli is the species to designate the American lineage of Rhizobium
that probably is the specific bean symbiont. R. tropici is a broad host range Rhizobium with
tolerance to environmental stress conditions.

We have compared the phylogenetic relationships of these bacteria, as well as their
symbiotic strategies with bean plants. We have analyzed Nod-metabolites from R. etli
and R. tropici, these bear different chemical modifications. Our results support that these two
species have different strategies to nodulate bean. We have obtained gene sequences
expressed in presence of root exudates or flavonoids, we found that there are additional genes
other that nod genes that are involved in plant-bacteria interaction.

A. Popescu
Research Institute for Cereals and Industrial Crops
Fundulea. Romania

Studies on the symbiotic interactions between soybean and Bradvrhizobium iaponicum strains

Over many years, the improvement of the symbiotic nitrogen fixation contribution in
legume nutrition has been pursued through selection of highly efficient rhizobial strains,
compatible with the spectrum of cultivated plant genotypes and able to ensure significant yield
increases in Romanian pedo-climatic conditions.

The evaluation of B. japonicum strains for effectiveness in N2 fixation has been made
by laboratory and greenhouse tests, followed by annual and multi-locational field experiments
and by measurements of N2 fixed amounts using I5N methodology.
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The necessity and reliability of field efficacy evaluation have been assessed in several
trials, the results suggesting that the yield increase under the effect of an inoculant strain
reflect comprehensible its N2 fixing effectiveness, being a synthetic indicator.

The compatibility between B. japonicum strains and the extensive cultivated soybean
genotypes could not be detected in our trials. But, the lack of compatibility represents and
advantage in the using of single inoculant types for the entire soybean crop area. Looking for
more reliable ways for the evaluation of N2 fixing efficiency of B. japonicum strains, several
field trials have been carried out by using I5N techniques, especially Fried and Broeshart's
method (1975).

A tentative conclusion based on the data and especially on N2 fixed contribution in plant
nutrition is that N2-fixed estimations by using isotopic methodology are highly influenced by
all the growing factors, not only by strain efficacy, although more experimentation is needed.

Since 1977, an evaluation of 22 B. japonicum strains has been made based on the field
efficacy. The mean yield increases, over the controls, have ranged between 5 and 33 %, but
the greatest number of strains has determined percentage values between 17 and 20. These
field performance of the selected strains are rarely surpassed now, due to the increased
nodulation competitiveness with the naturalized population resulted from long term
inoculation use.

The screened strains have been classified in serogroups based on the agglutination
reaction against five B. japonicum antisera (SO 146, SO 618, SO 7, SO 567, and USDA
110). Some serogroups produced more yield increases than others.

The enzyme linked immunosorbent assay (ELISA) is being used for studying the nodule
occupancy and nodulation characteristics under the influence of bradyrhizobial strains.

Because our main objective is to develop rhizobial inoculants with improved field
efficacy, more investigations are needed in the following directions: selection of strains that
must exhibit both and symbiotic saprophytic superiority, relative to naturalized rhizobial
populations, determining the optimal inoculant rates and the interactions among strains root
colonization ability and competitiveness when applied as monostrained and polystrained
inoculant types.

W.J. Broughton \
LBMPS, University of Geneva i
Geneva. Switzerland I

I
Signals to and emanating from Rhizobium largely control symbiotic specificity f

'',
Flavonoids excreted by legume roots have been exploited by rhizobia for a number of •

reasons but most importantly as chemo-attractants and as inducers of nod genes.
Flavonoid-NodD complexes are thought to be responsible for activation of "nod" box 1
containing genes. In this way, nodABC together with nodD, are probably responsible for
elaborating oligomers of N-acetyl glucosamine that provide the basic skeleton of Nod-factors. i
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Other genes (host-specificity of nodulation) add extra substituents to this skeleton (particularly
an acyl-chain) that confer the activity on the Nod-factors. In some rhizobia (e.g. Rhizobium
sp. NGR 234) additional substituents (2-0-methyl fucose, carbamoyl, acetate, sulphate,
methyl, etc.) may also be added which allow nodulation of specific plants. At pico- to nano-
molar concentrations, the Nod-factors cause deformation and curling of the root-hairs.
Infection thread development and the onset of nodulation follows. Most probably, the nodE
gene of R. leguminosarum, which is thought to be involved in synthesis of the acylchain,
plays a role in competition for nodulation of Pisum sarivum cv. Afghanistan.

H. Moawad
National Research Centre
Cairo. Egypt

Characterization of Rhizobium isolates from uninoculated fields. An essential step for
microbial ecology studies

The competition among rhizobial strains for nodulation of certain legume still represent
one of the challenging areas of research in symbiotic BNF field. What we see as a nodule
structure, is in fact a result of so many interactions between macro- and micro symbionts.
The information on these interactions is needed to help overcome the barrier of overwhelming
competition of native strains against the desired inocula strains.

We used the serological markers for strain identification of several rhizobial species in
field experiments. Using fluorescent antibody technique, we were able to study the
competition between rhizobia of soybean and clover symbiotic systems. The intrinsic
antibiotic resistance of isolates from uninoculated fields were helpful in the primary screening
of these isolates for further characterization by serological methods. The combination of both
techniques was helpful to mark several strains for microbial ecology studies particularly with
clover and lentiiy'Rhizobium symbiotic systems. We hope to use some of the molecular biology
techniques for the purpose of characterization and competition among rhizobial strains for
nodulation of legumes.

Siu M. Tsai
Centre for Nuclear Energy in Agriculture
Sao Paulo. Brazil

Using molecular markers in ecological and co-evolutionary studies in common bean
(Phaseolus vulgaris)

The idea that BNF in common bean (Phaseolus vulgaris L.) can be improved through
breeding has received more attention in the recent years, due to the availability of several
superior populations with good N2 fixation characteristics. BNF has been characterized as
quantitatively inherited, complex trait and no simply inherited characters have been described.
Moreover, and increased susceptibility to one or more important diseases was observed
among the selected N2 fixing plants. It was apparent that breeding for one trait may affect the
expression of other traits such as disease resistance.
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Fifteen common bean cultivars selected from several BNF programs, including a Nod'
control (from Dr. J. Kipe-Not), were initially screened in Leonard jars under a deficient level
of combined nitrogen. Based on the score for nodule number (NN), analyses were conducted
in the progeny of the cross between BAT-93 (low NN) and Jao EEP558 (high NN). 70 F r

derived F3 families were inoculated with UM1899 under the same experimental conditions as
the initial screening of the parents, in a two-step procedure - with and without a partially
suppressive level of mineral N (6 uM NH,NO3) for nodule formation. Significant differences
(P < 0.0001) were found among F3 families for nodule number.

With the existing Andean x MesoAmerican bean linkage map, one way analysis of
variance (with each marker as the independent variable and nodule number as the dependent
variable) and interval mapping analysis identified 4 QTLs (which accounted for 45 % of the
total variation) and 2 additional QTLs near to yet unassigned loci. At linkage group D7, we
mapped one QTL to the same region of the four QTLs for CBB. In the second experiment,
four regions for CBB were mapped adjacent (2 regions) or in the same chromosome region as
a QTL for nodule number (NN). It appears that in presence of N-mineral, healthier bean
plants are also more susceptible to plant pathogens.

Other study focused on the hereditability between two contrasting parents for nodule
formation. Crosses between the donor parent Jalo EEP558, of Andean origin, as the N2-fixing
plant and the defective mutant Nod" from CIAT-125 (from Dr. J. Kipe-Nolt) of Middle
American origin as the receptor, produced F,, capable of nodulating but not as abundantly as
the donor parent. F2-F3 families segregated in 3:1 ratio, with the nodulation ability
dominating completely restricted nodulation. Southern transfer and hybridization of DNA
from these two contrasting materials to cloned sequences expressing nodulins - sucrose and
gtutamine synthetases, PEP-carboxylase and leghemoglobin gave more polymorphic bands
when compared to other superior lines for BNF.

A.Sessitsch. G.Hardarson.
Soil Science Unit, FAO/IAEA Programme
Agency's laboratories. Seibersdorf. Austria

P.K. Jjemba
Kawanda Agricultural Research Station
Kampala. Uganda

A.D.L. Akkermans
Wageningen Agricultural University
Wageningen. Netherlands

K.J.Wilson
CAMBIA
Canberra. Australia

Use of gusA marker gene in competition studies of Rhizobium

Rhizobium tropici strain CIAT899 was marked with the E. coli gusA gene. The Tn5
based delivery plasmid pmTn5SS#i«/n0 was used to provide a random insertion of the gusA
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gene into the strain's chromosome. In order to test whether gusAW marked mutants could be
used in ecological studies, especially in studies of competition between different rhizobial
strains, the symbiotic properties and competitive abilities of five different CIAT899::#M.$/410
mutants and of the corresponding wild type strain were determined.

Insertion of the gusAW element did not significantly change the symbiotic effectiveness
of CIAT899. However, the competitive abilities of different gusA 10 mutants differed
significantly (P < 0.05). One CIAT899::#M.S7llO isolate showed decreased and two isolates
enhanced competitive ability, whilst two isolates remained unchanged compared with the
parental strain.

The gusA 10 element was shown to have the potential to be used as an effective
ecological marker. Nodule occupancy by a marked strain was easily studied without
sophisticated instruments and strain detection was simple and relatively inexpensive.
However, primary selection of mutants is essential for use in competition experiments.

(b) The final Research Co-ordination Meeting of the FAQ/IAEA Co-ordinated Research
Programme on "The use of Nuclear and Isotope Techniques to Improve Crop
Production on Salt-affected Soils"

Scientific Secretary: Christian HERA

The following participants attended: S.M. Rahman (Bangladesh), M. De Boodt
(Belgium), P.I. Orphanos (Cyprus), N. Khalil (Egypt), M. Popp (Germany), S. Ramani
(India), O.A. Folorunso (Nigeria), R. Ansari (Pakistan) and M. Haq (Pakistan).

The meeting reviewed the research carried out since 1985 with the following objectives:

(1) Screening plants to identify species/cultivars suited for saline lands;
(2) Explore the possibility of amelioration of saline lands through biological

measures;
(3) Study parameters associated with tolerance/sensitivity of particular

species/cultivar.

Different crops and different varieties within a crop vary in their tolerance to salinity.
In order to determine the suitability of a crop, it is necessary to test their tolerance limit.
These studies may provide an understanding of the physiological basis of salt tolerance which
may help in identification and subsequent transfer of various recognized traits that contribute
to salinity resistance.

Several field crops, including some tree species, were screened for salt tolerance. The
summary of results generated during the eight years of its operation are presented in the
following section.
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Excerpts from presented reports:

P.I. Orphanos. Ph. Kokkinos
Agricultural Research Institute
Nicosia. Cyprus

1. Screening of Phaseolus and wheat varieties for salinity tolerance.

All 26 Phaseoius varieties tested were equally susceptible to salinity. The threshold
value was 5 dS/m, beyond which dry matter production was reduced by 20 % for each
additional 1 dS/m increase in salinity. Germination (protrusion of the radicle) in petri dishes
was high even at 18 dS/m indicating that salinity causes slow growth resulting in delayed or
failed emergence and slow growth after emergence. Of 30 durum varieties tested, nine were
selected. As with Phaseoius, increasing salinity delayed or prevented emergence. Yield of
the nine selected varieties was reduced by about 38 % at 15 dS/m and by 90 % at 20 dS/m.

2. Biological amelioration of salt-affected soil using barley and fababean as the
ameliorating crops and chickpea as the indicator crop.

The soil was medium textured with ECe 5-9 dS/m and ESP 30 % in the top 90 cm.
Rainfall was mostly insufficient and had to be supplemented by irrigation. As a result, salt
leaching was minimal. Barely produced substantially more dry matter than fababean but
neither crop ameliorated the conditions for chickpea. However, in contrast to published
information, chickpea produced 800 kg grain per hectare even at 6 dS/M ECe.

3. Water use by barley, fababean and cickpea.

At full cover and sufficient soil mosture, barley evapotranspired at a rate close to
evaporation from the class A pan, whereas fababean and chickpea evapotranspired at 80 % of
pan evaporation. However, as barley matures by mid to late April, fababean by early May,
and chickpea by late May, the total amount of water required is 13 % higher for fababean and
65 % higher for chickpea than barley.

4. Dinitrogen fixation by fababean and chickpea.

Estimates of N2 fixation were obtained with the 15N technique. Fababean fixed 63 - 87
of its N, whereas chickpea hardly fixed any N.

5. Decomposition of barley stubble.

The residue left in barley fields consists of about 10 cm long stubble. Such stubble
material plus a small part of the crown was buried in nylon bags in the soil in order to follow
its decomposition. Half of the material decomposed in the first winter-spring season (rainy
season) following burying. Decomposition ceased during summer and autumn and
recommenced in the following winter during which half of the remaining material
decomposed.
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O.A. Folorunso. A. Kundiri. A.B. Alhassan. J.O. Ohu. F.A. Adeniji
University of Maiduguri
Maiduguri. Nigeria

The potential of salt-tolerant sorghum and millet cultivars for ameliorating salt-affected
soils was investigated. Twenty cultivars of each of millet and sorghum were screened for salt-
tolerance using five salinity/sodicity levels with soil saturation extract electrical conductivity
(EC) ranging from 1.4 to 23.2 dS/m and exchangeable sodium percentage (ESP) ranging from
8.7 to 23.2 in a pot experiment with four replications. Assessment of relative emergence
percentage (REP), relative plant height (RPH), relative leaf water content (RLVVC) and
relative dry matter yield (RDMY) revealed that the sorghum cultivar, Yarwasha, and millet
cultivar, Maiwa, was the most salt-tolerant of all the cultivars screened. These crop cultivars
were then used in a 4-year field experiment to assess their ability to ameliorate the properties
of salt-affected soils.

The field experiment was laid out using a split-split-plot design with four replications.
The main plots were two supplemental irrigation treatments, while the two test crops and
nitrogen fertilizer (two rates) constituted the sub-plots and sub-subplots respectively. After the
first year of field study, an objective, salt-sensitive crop (cowpea) was planted in a portion of
each plot to assess the progress of biological amelioration. All measured soil properties
revealed progressive amelioration during the 4-year study. This observation was in
consonance with progressive increase in sorghum, millet and cowpea yields as well as with the
progressive enhancement of sorghum and millet water use efficiency (WUE).

The fact that cowpea yield increased by 86 and 37 % on the millet and sorghum plots
respectively suggests that biological amelioration may eventually render the salt-affected soils
more suitable for the cultivation of less salt-tolerant crop species.

S. Ramani. D.C. Joshua
Bhabha Atomic Research Centre
Trombay. Bombay. India

The problem of salinity as prevalent in many parts of India, and particularly in the coastal
agricultural regions, and the present technologies for exploiting them are described and
discussed. There are laboratory methods for studying the various parameters which could give
an insight on the mechanisms of salt tolerance in non-halophytic crop plants.

In the present report, the patterns of absorption and translocation of Na+ and CP, the
most predominant elements in the saline soils - have been examined in cowpea, linseed and a
few cultivars of rice recommended for these soils. Radioisotopes of the nutrient elements have
been employed in the soil and solution culture experiments. The general effects of NaCl on
the growth and chlorophyll development in cowpea and linseed have been recorded. The
results show considerable differences in Na+ and Cl' uptake in the crop cultivars which could
be useful for identifying the salt tolerant ones. However, these studies emphasize a need for
greater in-depth research on various physiological and nutritional traits, which could be more
positively correlated with salt tolerance and sensitivity.
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In view of the great awareness generated in recent years in different countries of the world
for utilization of salt affected soils, the development of proper methods of reclamation and
management has become extremely essential. A need for knowledge of the mechanism of salt-
tolerance in non-halophytic plants was greatly felt to improve crop production and to increase
the cultivated area by bringing under cultivation the waste and barren lands. The physiology
of NaCl induced stress was studied in six varieties of mungbean and four varieties of
Sesbania. The screening of crop genotypes of mungbean and Sesbania and their physiological
response to the presence of greater doses of NaCl in solution were carried out. These
physiological parameters were mainly focussed on plant growth, uptake and translocation of
nutrients and total hydrogen contents.

Preliminary studies revealed that none of the mungbean varieties tolerated NaCl at 100
mM in the nutrient medium. However, the salinity tolerance in these varieties were found to
be enhanced with the gradual increase of NaCl in the growth medium from 25 to 100 mM.
Strangely, the initial growth appeared to be affected by the nitrogen supply as ammonium
form. Total nitrogen content in the root and stem of mung bean and Sesbania was also found
to be affected by NaCl. In leaves, total nitrogen was increased due to NaCl in some species.
On the basis of growth data, Sesbania appeared to be more salt tolerant than mungbean.

M. Haq
Nuclear Institute for Agriculture and Biology
Faisalabad. Pakistan

Salt balance of underground tubewell irrigation water at the Bio Saline Research Station
(BSRS) of NIAB showed that every year 2.1 tons of salt was added per hectare. So in four
years, 8.4 tons of salt (66 % sodium bicarbonate) was added through irrigation alone per
hectare through twenty irrigations of 7.5 cm each. In spite of this, the growing of salt tolerant
Leptochloa fusca showed signficant amelioration (i. e., lowering of salinity, pH and sodium
adsortion ratio) of the salt affected soil. The order of biological soil
amelioration was Leptochloa fusca > Medico sativa > Hordeum vutgare > Sesbania
egyptica. Perennial crops were better than annuals in solubilization of native calcium
carbonate, stopping the upward movement of salts to surface soils and washing down the toxic
salts away from root zone during the summer monsoon rains.

Field screening of woody, fodder, ornamental, silk, fruit, and pulp tree and shrub species
for salt tolerance under saline sodic irrigation was continued. Further, eighteen trials for
exploiting the full potential of promising medium and high salt tolerant species have been laid
with plastic guard, mulches, amendments (organic and inorganic) and fertilizers.

An
Atomic Energy Agricultural Research Centre
Tandojam, Pakistan

A large number of soybean (Glycine max) cultivars/accession lines were screened for salt
tolerance in sand culture under simulated field conditions and all were found to be sensitive
generally above 25 mM NaCl. Rhizobia isolated from these soybean roots were similarly
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sensitive, whereas the rhizobial strains from NIFTAL were tolerant up to 50 mM. Soybean
was a difficult crop to handle while some other legumes viz. species of Sesbania, Trifolium,
Medicago did show variation in salt tolerance but these were considerably better than soybean
in performance.

More detailed studies on four soybean cultivars showed that their tolerance could be
correlated with certain physiological parameters like relative growth rate, water use efficiency,
Na and K uptake and their fluxes. Nodulation was reduced by salinity but this reduction was
dependent on the salt tolerance of the host plant.

The natural vegetation of a saline field depended on substrate salinity. Species growing in
high salt area managed to reduce internal salt concentration through excretion from the surface
of leaves. Repeated plantings of a number of species failed in this area. Flooding due to
rains deteriorated the soil further. This experiment has now been shifted to a less harsh site.

University of Cairo
Giza. Egypt

Fifteen sunflower genotypes were screened for salt tolerance, germination, root and shoot
dry weight, and mineral composition. The parameters linearly declined with increasing salinity
level up to 8-5 dsm~\ while calcium, sodium and chloride increased with increasing soil
salinity. According to these results, Sib-10014 line was superior to the other genotypes in salt
tolerance. Data also showed that salinity index is a useful indicator of salinity tolerance.

The performance of some sunflower cultivars (including Sib-10014, the promising salt \
tolerant line) under winter and summer sowing in salt affected soil was also studied. Data '.
showed the possibility of sowing cultivars such as Rojeo in winter with little reduction in oil
yield. Seed oil yield was signficantly and positvely correlated with seed weight, seed yield/ha \
and oil content at both sowing. >

Further, micronutrient studies were done with lentils (objective crop) which was planted
after Sib-10014 sunflower line (ameliorating crop). Data showed that the combination of
micronutrients gave higher yield increament than did single micronutrients. The average ;
increase of lentil seed yield over NPK treatment reached 58 % and 42 % in response to a :,:

combination of NPK+Zn+Mn+Fe+Cu and NPK+Zn+Mn+Fe, respectively. i

1
S.M. Rahman. M.I. Khalil. M.F. Ahmed. A. Wohab Mia, A.C. Aich |
Bangladesh Institute of Nuclear Agriculture |
Mymensingh 2200. Bangladesh j

Salinity is the most dominant factor limiting crop production during dry winter season '
(November - May) in the salt-affected soils of Bangladesh. Cultivation of salt-tolerant crop
cultivars of wheat, barley and pulses with careful management practices can bring substantial
change in the agricultural practice towards an increased cropping intensity of the country.
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Results of irrigation experiments with wheat and lentil showed that wheat yield increased
due to one or two irrigations with any source of water, i.e. tube-well water of low EC and/or
lake water (stored saline water) of higher EC values. Lentil yield tended to decrease with
irrigation with either sources of water. Cultivation of Sesbania decreased the salinity level of
the soils considerably. This indicated that Sesbania may be grown in large scale in the salt-
affected soils for a considerable amelioration of salinity by biological means. Results of
screening experiments with several plant cultivars under greenhouse and field conditions
showed that both legume (lentil) and non-legume crops (wheat and barley) can be successfully
grown in the salt-affected soils with careful management practices including appropriate
irrigation and fertilizer applications. The 4-year experiments on wheat and lentil showed that
wheat yield increased by 28 % with irrigation alone and by 35 % with fertilizer only.
Combined application of irrigation and fertilizer increased the yield by about 80 %. Lentil
yield decreased with irrigation. "N isotope-aided studies indicated that the uptake of fertilizer
N, and N utilization by both wheat and lentil were, in general, considerably lower in the salt-
affected soils. The use of Rhizobium inoculum contributed significantly to the fixation of
atmospheric N2 by lentil which ranged between 33.5 and 45.5 kg ha1 in different growing
seasons. N, fixed from atmosphere constituted 80 - 90 % of total N uptake by lentil. Water
use efficiency of wheat increased considerably with the application of fertilizers under both
irrigated and non-irrigated conditions. Water use efficiency in lentil was greater under non-
irrigated condition. No significant change in soil properties (e.g. pH, EC and CEC) was
observed due to irrigation and fertilizer application. Continuous cropping, however, increased
the yield, total N uptake, %Ndff and %N utilization by both the test crops.

M. Popp. A.M. Detrie.
Institut fur Angewandte Botanik
Miinster. Germany

G.R. Stewart
University of Queensland
Brisbane. Australia

It is well established that in flooded soils NH4
+ is the prevailing form of nitrogen and

adapted plants like rice prefer NH4
+ to NO,'. In mangrove sediments, where aeration changes

with the course of the tides, NH4
+ is the more abundant nitrogen ion, although NOy is also

present, especially during low tides. Since very little is known about the nitrogen nutrition of
mangroves, we conducted some experiments on hydroponically grown mangrove species in the
glasshouse.

Our original idea to determine NR,+ and NO,' uptake by monitoring these ions in the
nutrient solution was hampered by very active microbial processes in the substrate which led
to very quick nitrifiction of the NR,* ion provided in the solution.

For 15N labelling, 9 and 18 months old plants of Aegiceras corniculatum were
transferred to nutrient solutions containing either I5NH4NO3 or NH4'

SNO3 (1 mol/nr5) and three
different levels of salinity (10, 50 and 100 % sea water). After a 57 hour labelling period,
plants were harvested, separated into roots, stems and leaves and freeze-dried. I5N
determinations of the dried material were performed on an ANCA-MS analyser (Europa
Scientific).
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Irrespective of plant age or salinity level, A. comkulatum showed preferential N H /
uptake. ISNH/ uptake was rather the same at 10 and 50 % sea water salinity and reduced to
half of this level in 100 % sea water. "NO,' uptake was highest at 50 % sea water salinity.

In accordance with other findings on flood tolerant plants, A. cornicula/um exhibited a
clear preference for H N / uptake, although sufficient nitrate reductase activity was present in
roots as well as in leaves.

M. De Boodt. R. Hartmann. H. Verplancke
State University of Ghent
Ghent. Belgium

Hydrogeological surveys carried out in the polder area of northeastern Flanders
(Belgium), showed the presence of saline water at varying depths. Mostly this saline water
occurs too deep to have a direct influence on agriculture. At some places however, salts are
present at shallow depths and agricultural use could be restricted.

An experimental field design was set-up in order to investigate the salt distribution and
evolution of a soil with a shallow brackish groundwater and to evaluate the impact of
salinization on agricultural exploitation. In this soil, mercury tensiometers as well as soil
moisture extractors were installed. A piezometer was used to measure the groundwater table
and a pluviometer allowed the recording of the rainfall. Tensiometers and pluviometer
recordings were made 6 days a week, the piezometer weekly, and the soil-moisture extractors
were sampled every 2 weeks. The electrical conductivity of the soil-water samples was
measured as well as the chlorine concentration. Measurements started on 3 April and were
terminated on 26 October, 1986. The land used was a pasture.

The tensiometer recordings allowed the calculation of the hydraulic potential gradient,
indicating the direction of water movement in the unsaturated zone, and water samples showed
the salt distributed in this soil. Moisture content was measured by taking surface samples or by
using the neutron probe.

Despite very rainy periods, drainage throughout the entire unsaturated zone was found
to occur only during 18 (of which 12 in April) of the 207 days observed. Mostly an upward
water movement was measured in the biggest part of the unsaturated zone, indicating water
losses by evapotranspiration. Salt distribution was found to be rather stable. An electrical
conductivity of 2000 /iS/cm (at 20 °C) varied between a depth of about 80 cm (beginning of
April) and approx. 60 cm (end of August). At the same time, an EC of 8000 /tS/cm was
encountered between about 110 cm and about 95 cm. Nevertheless, a reduction of the non-
saline zone by 20 cm between April and August means a serious limitation of the agricultural
use of this soil. Upward water movement was found to be the major cause of this increase in
salt content. At the end of the growing season (October), the grass showed chlorosis and
necrosis. Analyses of these leaves showed a Cl concentration of 1.69 %. Concentrations
between 0.5 and 1.5 % are generally regarded as toxic, indicating Cl" toxicity as a possible
cause of these phenomena. Agricultural use of this soil is restricted to pasture. Winter cereals
could be considered as an alternative, but beet and maize may yield less due to the saline
groundwater.
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(c) Third FAQ/IAEA Research Workshop of the Regional Africa Project on Biological
Nitrogen Fixation RAF/5/010
7 - 1 2 September 1992, Meknes, Morocco

Scientific Secretary: M.P. SALEMA

In the last issue of the Soils Newsletter we gave a summary of the above workshop,
and promised to publish excerpts from the presented reports in this issue. These are given
below:

Excerpts from presented reports:

Nadia Boughalem
Centre for the Development of Nuclear Techniques
Algiers. Algeria

Chickpea, fababean and lentil are the principal food legumes in Algeria.
Nodulation of these legumes is irregular, and often nitrogen fertilizer has to be applied to
attain high yields. Although nodules are observed on these legumes, the quantities of
nitrogen fixed are not known, and the need for inoculation has not been ascertained.
Selection methods for new varieties has not included nitrogen fixing potential. Preliminary
studies with chickpea, has revealed differences in nodulation between varieties. The
benefit of the legumes in improving soil fertility, and to supply nitrogen to subsequent
crops in the rotation has not been measured. Studies will be initiated under the IAEA
assistance in the following areas: (a) survey of the nodulation status of important legumes
and establishment of the need for inoculation, (b) collection, isolation, screening and
preservation of rhizobial strains for legumes needing inoculation, (c) evaluation of rhizobial
inoculation in the field by quantifying the amount of nitrogen fixed using I5N, and (d) study
nitrogen transfer from legume to cereal grown in association or in rotation, and the general
influence of the legumes on soil fertility.

Mohamed S.A. Safwat
University of Minia
El-Minia. Egypt

Nitrogen fixation and response to phosphorus application in Acacia saligna
(inoculated with Rhizobium) and three species of Casuarina: C. equisetifolia, C.
cunninghamiana and C. glauca (inoculated with Frankia was determined in a glasshouse
experiment. Levels of P used were 0, 20, 40 and 60 mg P/kg soil. Nitrogen fixation was
measured using the 15N isotope dilution technique. Phosphorus application increased
growth, nodulation and nitrogen fixation for both trees. The optimum for Acacia was 20
mg P/kg soil (74% NdfA), and for all Casuarina species 40 mg P/kg soil (64, 66, 68
%NdfA respectively), indicating that Casuarina has higher requirement for P than Acacia.

In a similar study in the field with 3 cultivars of peas (Pisum sativum), three levels
of P (0, 20 and 40 kg P/ha) were tested. For all the cultivars tested optimum nodulation
and nitrogen fixation were obtained at 20 kg P/ha and decreased beyond. There was a
significant cultivar x P interaction for all the parameters measured, and both barley and
wheat gave similar results as reference crops for the measurement of nitrogen fixation
using the 15N technique.
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Balesh Tulema
Institute of Agricultural Research
Addis Ababa. Ethiopia

The effect of phosphorus application on nitrogen fixation in fababean (Vicia faba)
and field pea (Pisum sativum) was studied in the highland area of Ethiopia (Holetta). Two
levels of phosphorus, 0 and 20 kg P/ha were used. Dry matter and nitrogen yield data
showed that pea was more responsive to P than fababean growing under the same
conditions. Fababean and pea derived about 84% and 88% respectively of the plant
nitrogen from fixation, and P application had no significant effect on the fixation. The
amount of nitrogen fixed was also about the same when no P was applied (109 and 118 kg
N/ha for fababea and pea respectively), but differed significantly when P was applied (115
and 206 kg N/ha for fababean and pea respectively). The increase in the amount of
nitrogen fixed due to the application of P was about 6% for fababean and 75% for pea.

In another study, nitrogen uptake by wheat from mustard meal (residue/waste
product from the mustard seed after the extraction of oil, containing about 5-6% N) was
measured using 15N soil labelling technique. The study was conducted in the glasshouse
using a eutric nitosol. Various levels of mustard meal nitrogen were compared with same
levels of mineral nitrogen as ammonium sulphate fertilizer. N uptake from mustard meal
was slightly superior to the uptake from ammonium sulphate. Nitrogen use efficiency for
mustard meal N decreased from 62% to 43% and for fertilizer N increased from 6% to
62 % as the application rate was varied from 30 to 180 kg N/ha.

Frank K. Kumaga
University of Ghana
Legon Accra. Ghana

An experiment was conducted with 9 local and imported cowpea cultivars with the
aim to identify genotypes that are able to perform well under conditions of low available P.
The experiment was carried out on a soil with pH 5.3 and 3.13 ppm available P. The
following cowpea cultivars were used: Ansotem, Accra Market, Aduayra, TVU 1977, Ife
Brown, TVX-2394-10F, TVX 309-19, California Black-eye and IT-84-108. All cultivars
were inoculated with an appropriate peat-based inoculant. In general, nodule number and
mass increased with increasing P supply, but there was great variation in the response to P
among the cultivars. Best response was observed in TVU-1977 and TVX-309-19. When
no P was applied, highest nodulation was observed in TVX-309-19. The amount of P
required for maximum nodulation differed among cultivars. For example, California
Black-eye had maximum nodulation at 20 kg P/ha while TVU 1977 attained maximum
nodulation at 80 kg P/ha. Large cultivar differences in dry matter production and nitrogen
yield were also observed. A conclusion was made from the results that some of the
improved cultivars such as TVU 1977, TVX-2394-10F and TVX 309-19 require higher
levels of P for maximum production than cultivars such as Accra Market, Asontem,
Aduayra, California Black-eye and IT-84-108 which require low to moderate P.

The experimental soil contained about 3.3 x 103 cowpea rhizobia/g soil. No
response to inoculation was obtained using the conventional seed inoculation method, and
this was attributed to inadequate numbers of inoculant rhizobia to overcome the soil
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population in competing for nodulation. However, varying the number of inoculant
rhizobia from 102 - 10* CFU/g soil did not result in improved nodulation or nitrogen
fixation. It is concluded that the indigenous population was sufficient to provide adequate
nodulation, and that phosphorus is required to improve nodulation, nitrogen fixation and
yield of cowpea.

Cautar R'Kiek
Central Radioisotopes Station, INRA
Tangier. Morocco

A field experiment was conducted in the north-west coastal region of Morocco to
study the effect of phosphorus application (0, 70, and 105 kg P2Os/ha) on the yield of
three varieties of fababean, Aguadulce, F 305 and F 269, on a soil low in nitrogen and
available P. Phosphorus has a genera) effect of increasing nodulation of all the varieties,
but the requirement of P for nodulation was different among the varieties. While for all
the varieties there was a sharp increase in nodulation when phosphorus was applied at the
70 kg P2O,/ha rate, there was no further increase for Aguadulce, a decrease for F 305, and
a further sharp increase for F 269 when phosphorus application was raised to 105 kg
P2O5/ha. Both dry matter (shoots and pods) and total nitrogen yield responded to the P
application, but like nodulation, the requirement for P differed among the varieties.
However, unlike for nodulation, the optimum rate of P for dry matter yield was between
the 70 and the 105 rate for Aguadulce and F 269, while response was almost linear through
the various P levels for F 305. Nitrogen accumulation was maximum at the 70 rate for
Aguadulce and F 269, but almost linear through the various P levels for F 305. Variety F
305 appeared to have lower P requirement for nodulation but higher requirement for dry
matter and nitrogen yield than varieties Aguadulce and F 269.

Mohamed Ismaili
Moulay Ismail University
Meknes. Morocco

Different long-term experiments were conducted in the greenhouse and in the field
to investigate the effect of drought and phosphorus on nitrogen fixation and nitrogen
transfer of annual Medicago species rotated with wheat, and to quantify biological nitrogen
fixation and transfer in trees, using the 15N isotope dilution technique. Medicago
trancatula was the most drought resistant species, however mild stress (leaf water potential
of -1.5 to -2.5 MPa) reduced nitrogen fixation by 25 %. Wheat biomass was reduced
through reduced transfer of fixed nitrogen by the medic. Addition of phosphorus to the
mixture increased nitrogen fixation by 250 % and rendered wheat more competitive for soil
nitrogen. Inoculation of annual medic was found to be important in acid soils (pH < 6),
and not necessary in calcareous soils.

Nitrogen fixation work on Acacia started four years ago. Species of Acacia studied
include A. mollissima, A. cyclops and A. cyanophylla. Eucalyptus camaldulensis was
found to be a reliable reference tree for quantifying nitrogen fixation using the 15N dilution
technique. Results showed that only nodulated species of Acacia responded to increased
levels of phosphorus, through improved nitrogen fixation. There was interspecies variation
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in growth, nodulation and nitrogen fixation, indicating potential for selecting for high
performance Acacia species for rehabilitation of degraded ranges and forests. Inoculation
of Acacia mollissima by Rhizobium increased plant nitrogen yield 7 times, and plants
derived 85 % of the nitrogen from fixation. Sampling methods for the measurement of
nitrogen fixation by trees were investigated. Values of % I5N a.e. in the stems were close
to those of whole plants, while leaves and roots over-estimated nitrogen fixation by 60%.
In nitrogen transfer studies involving Acacia and wheat, 6 - 30 % of the nitrogen in the
wheat came from the tree, depending on the treatment. Growing wheat in association with
Acacia mollissima increased nitrogen fixation in the later, and the former was more
competitive for soil nitrogen.

Fatouma Beidari
National Institute for Agronomic Research of Niger (INRAN)
Niamey. Niger

In a field trial, cowpea did not respond to inoculation and control (uninoculated)
plants were well nodulated by resident rhizobia. When not inoculated, local varieties
TN88-63 and TN2-78, fixed 120 kg N/ha, representing about 40% nitrogen derived from
the atmosphere (fixation). A need is seen to carry out proper isolation and screening of
local strains for effectiveness on specific varieties and soil conditions. In another study on
a slightly acid sandy soil low in phosphorus and nitrogen, varietal differences in nitrogen
fixation and response to phosphorus was determined. Three varieties of cowpea (TN88-63,
TN5-78, TN 2-78) and three levels of P (0, 20, and 40 kg P2Oj/ha as Single Super
Phosphate) were used. TN2-78 was the best fixer at all levels of P, giving the highest
fixation (> 200 kg/ha) at 20 kg P2O5/ha. There was no significant variety x P interaction,
althogh TN2-78 appeared to respond to P application more than the other two. There was
a good correlation between the amount of nitrogen fixed and shoot dry matter yield. It is
notable that although these local varieties give very low grain yields, they fix reasonable
quantities of nitrogen averaging about 150 kg/ha.

Gilbert U. Okereke
Nnamdi Azikhve University
Awka. Anambra State. Nigeria

Growth, nodulation, nitrogen fixation and nitrogen transfer were studied in a mixed
cropping system of cowpea (Vigna unguiculata L. (Walp)) and rice (Oryza saliva L.).
Nitrogen fixation and transfer was measured by the 15N isotope dilution technique.
Sequential harvests were made at 25, 35, 45 and 55 days after planting (DAP). The
cropping system, either sole or mixed with rice, did not significantly influence nodule dry
weight at any of the sampling dates. Plants of sole cowpea had higher shoot dry weight
than mixed-crop cowpea plants, while the growth of rice was essentially the same. The
proportion and the amount of nitrogen derived from the atmosphere was similar for sole
and mixed-crop cowpea. I5N enrichment data did not show clear evidence of nitrogen
transfer from the cowpea to the rice.

In a gfassfiouse study invorving eight soybean ctricfvars, it was found that cultivars
Tax 539-5E, Tax 293-63E and Tax 297-6F had best P utilization efficiency for dry matter
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production and nitrogen accumulation at both low and high phosphorus fertility. In
subsequent studies involving the three varieties, Tax 539-5E was found to fix the highest
amount of nitrogen, and also had better root and nodule development compared to the other
cultivars. P had a positive effect on nodulation and nitrogen fixation, and high rhizobial
numbers were found necessary for obtaining inoculation response.

David S. Daramola
Institute of Agricultural Research and Training
Ibadan. Nigeria

The effect of inoculation with Bradyrhizobium spp. on 6 cultivars of soybean
{Glycine max L.) was determined in the glasshouse. The cultivars were TGX 1447-3D,
TGX 1487-1D, TGX 1448-2C, TGX 1447-1D, TGX 1019-2E-N and TGX 1455-2E. The
soil used contained 2.4 x 104 soybean rhizobia/g soil determined by the MPN (Most
Probable Number) count. The soil was inoculated with a water suspension of culture of
strain IRC27 to give an estimated concentration of 3.4 x 10s rhizobia/g soil. Inoculation
significantly increased nodulation in all the cultivars except TGX1447-3D where there was
a decrease. Inoculation increased pod yield and %Ndfa only in some cultivars. There was
a strong inoculation x cultivar interaction in all the parameters measured. Results showed
that soybean had potential to respond to inoculation in the test soil, but exploitation of this
potential requires extensive strain/cultivar screening and testing in the field.

In another study the effect of varying the population of rhizobia applied to the soil
(0, 10', 104, 10s and 106 rhizobia/g soil) and P status (0 and 20 ppm P) on cowpea was
investigated. Increasing the inoculation rate increased nodulation at both low and high P,
with an optimum at the 104 level. The effect of P was highly significant, but was less
marked at high inoculation rates. The % and amount of Ndfa increased with increasing
inoculation rate at both P levels. Results indicate that inoculum size is crucial for
inoculation success.

Aminata N. Badiane
Senegal Institute of Agricultural Research (ISRA)
Bambey. Senegal

A field experiment was conducted in Southern Senegal to measure crop productivity
and nitrogen fixation in 3 cultivars of groundnut with and without rhizobial inoculation,
and at low (20 kg/ha) and high (100 kg/ha) nitrogen fertility. The high N significantly
inhibited nitrogen fixation by all 3 cultivars. At low N rate, uninoculated plants fixed
more atmospheric N and had higher nitrogen yield than inoculated plL^ts, suggesting the
existence of efficient resident strains. High N ar>p)ication did not affect groundnut yield,
indicating high effectiveness of resident rhizobial su<iins.

Like groundnut, cowpea showed no response to inoculation, presumed to be due to
effective resident population of rhizobia. Increasing the size of inoculant rhizobia up to
108/g soil did not sig Ticantly affect nodulation or dry matter yield of the plant.
Phosphorus at 90 kg P2O5/ha increased dry matter production but not nodulation.

27



Denis S. Amara
Njala University College
Njala. Sierra Lconc

An experiment was conducted on the Njala soil series (Typic haplustox) in Sierra
Leone to determine the response of groundnut (Arachis hypogea), and nitrogen fixing trees,
Gliricidia sepium and Leucaena leucocephala, to inoculation with imported peat-based
Rhizobium inoculants. The indigenous population was around 106 (for groundnut) and 102

(for the two tree species) CFU/g soil. A nitrogen control of 90 kg N/ha as urea was
included in the experiments. Groundnut yield was not significantly (P<0.05) affected by
inoculation or nitrogen application. This indicates that, either the soil population was
adequate, or the inoculant strain was not superior to the indigenous strains. Application of
90 kg N/ha significantly decreased nodulation by about 50 %.

For Gliricidia sepium, the two inoculants used gave significant but varying increases
in nodule mass and tree growth (dry weight and height). Nitrogen applied at 20 kg N/ha
as urea completely inhibited nodulation. For Leucaena leucocephala, no significant effect
was observed with inoculation (4 inoculants used) or nitrogen application. Nodulation was
generally very poor, and 20 kg N/ha completely inhibited it.

Hafedh Nasr
National Institute for Forestry Research (INRF)
Tunis. Tunisia

An experiment was set up in an arid area of Tunisia to determine the yield and the
amount of nitrogen fixed by two nitrogen fixing trees species, Acacia cynophylla and
Casuarina glauca. The experiment also involved the effect of time and frequency of
cutting the trees. Acacia cynophylla was superior in dry matter and nitrogen yield, and had
better regeneration ability than Casuarina glauca. Generally, early cutting (plants < 1
year old) appeared to be detrimental to further tree growth.

In another experiment, the effect of water stress on nitrogen fixation by 2 year-old
Acacia cynophylla was studied. Trees were continuously irrigated or irrigation was
discontinued for 5 days. Nitrogen fixation, measured by the 15N isotope dilution technique,
started to decrease only two days after irrigation was interrupted. In this experiment the
isotope dilution and the total nitrogen difference methods gave similar results of the amount
of nitrogen fixed, as the nitrogen content of the soil used in the experiment was low
(0.015%).

Patrick Jiemba
Kawanda Research Station
Kampala. Uganda

A study was conducted to evaluate yield and nitrogen accumulation in 9 local and
imported cultivars of beans (Phaseolus vulgaris L.) inoculated with Rhizobium
leguminosarum biovar phaseoli in the field. The cultivars tested were K20, Kitinda,
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Nkulyembaluke, Mutike, T-3, White Haricot, RIZ 103, Carioca and Tostado. The firsi 4
are local and the rest imported, although T-3, RIZ 103 and White Haricot have been found
quite adapted to Ugandan conditions. Cultivars differed significantly in pod and N yield.
RIZ 103 gave the highest pod yield and accumulated the highest amount of nitrogen. RIZ
103 is late maturing and this might have contributed to its good performance. Local
variety Mutike was second best pod yielder, but accumulated much less nitrogen. Among
the 9 cultivars, hifh nitrogen yield did not necessarily result in high pod yield.

One of the reasons for lack of response to inoculation of beans in Uganda is
considered to be competition from indeginous rhizobia. An attempt was made to suppress
indeginous rhizobia by increasing the inoculation rate (0, 102, 104, 106 and 10* rhizobia/g
soil), and to investigate the interaction with P fertility. Shoot dry weight, %NdfA and the
amount of nitrogen fixed was significantly higher (P<0.05) with the highest inoculation
rate of 10" rhizobia/g soil at both low and high P levels. Conventional seed inoculation
using peat based inoculum of the same strain was inferior to the 10* treatment, giving
yields as low as those obtained with low inoculation rates(102 - 104 rhizobia/g soil).
Results indicate that lack of response in the field could be due to inadequate numbers of
rhizobia being supplied during inoculation.

Ndiku Luyindula
Regional Centre for Nuclear Studies of Kinshasa (CRENK)
Kinshasa XI. Zaire

A field study was conducted to study nitrogen fixation in three varieties of soybean
using the 1SN isotope dilution technique. A mixture of imported strains of Brady rhizob'wm
japonicum (R2) was compared to native strain (Rl) with respect to effectiveness and effect
on grain yield at low (20 kg/ha) or high (100 kg/ha) nitrogen fertility. The high N
application depressed plant yield except for the combination V2R2. In varieties VI and
V3, high N rate had a highly significant (P<0.01) inhibitory effect on nitrogen fixation.
At the low N rate, except for cultivar V2, uninoculated plants fixed more atmospheric
nitrogen than inoculated plants, although inoculated plants had greater nodule number and
mass than uninoculated ones. At low N rate, there was a significant (P < 0.05) inoculation
effect for shoot N concentration in all cultivars. Moreover, inoculated soybean had more
shoot and pod N content than the uninoculated, although inoculation did not result in
increases in plant dry matter production. The results showed the existence of interaction
between introduced (inoculant) and resident strains of Bradyrhizobium. Inoculation did not
have a positive effect on N yield of the soybean.

A subsequent study involved the effect of inoculum size on nodulation and nitrogen
fixation in soybean. In this study, inoculation rate up to 4 x 104 rhizobia/g soil did not
result in increased nodule number or mass compared to the uninoculated control. Soybeans
inoculated at the highest rate (4 x 10s rhizobia/g soil) had significantly (P<0.05) more
nodules than the other treatments (106 and less). These nodules were generally distributed
on the tap root. Results indicate that high numbers are required for maximized nodulation.
Inoculation rate had no effect on plant dry weight. Phosphorus had a significant effect on
both nodulation and dry matter yield.
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TECHNICAL CO-OPERATION PROGRAMMES

The Soil Fertility, Irrigation and Crop Production Section presently has the technical
responsibility for 78 Technical Co-operation Projects. In the December 1992 issue, we
gave summaries of some of the projects in Africa. In this issue, we will highlight the
activities of the other projects in the African region.

Cote d'lvoire

Fuel wood Production (IVC/5/0181

Coconut Research Station, Marc Delorme, Abidjan
Counterpart: A.N. Zakra

This project was first started in 1987. The objective of this project is to enhance
the fertility of sandy soils by integrating nitrogen fixing trees within replanted coconut
trees. In addition, pruning the nitrogen fixing trees is expected to supply much needed
fuelwood. So far, three nitrogen fixing trees, Casuarina equisetifolia. Acacia mangium and
Acacia auriculiformis have given remarkable results. The integration of these nitrogen
fixing trees with replanted coconut trees on farmers' fields has resulted in substantial build-
up of organic matter and soil fertility (from the litter fall). These trees have also acted as
windbreaks against the sea-spray, have provided substantial fuelwood, and the yields of
coconut have increased significantly without fertilizer addition. The studies are still
continuing, and farmers have shown great interest in using the results.

Kenya

Nitrogen Fixation in Multi-purpose Tree Species (KEN/5/0151

Kenya Forestry Research Institute, Nairobi
Counterpart: D.O. Nyamai

Continuous and repeated cultivation of land in several areas of Kenya has led to
excessive soil erosion and depletion of nutrients. The objective of this project is therefore
to examine the nitrogen fixing potential of several multi-purpose trees and determine their
contribution to improving soil fertility in general. Funds for KEN/5/015 (1993 and 1994)
were provided by the Government of the United Kingdom, and includes provision for staff
training.

Kenya

Isotope Techniques for Efficient Use of Fertilizers (KEN/5/018)

National Agricultural Research Laboratory, Nairobi
Counterpart: George Ayaga

This is a new project which started this year. The major objective is to establish
facilities for the use of isotope techniques in soil/plant studies with respect to efficient use
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of fertilizers, both organic and inorganic. The project will concentrate on nutrients
nitrogen and phosphorus. Specific objectives include: (a) to study the availability of soil
nitrogen and phosphorus to plants with respect to time and mode of application, and the
influence of soil moisture and other soil properties such as pH and texture; (b) to study
phosphorus dynamics in soil and quantify the residual effect of phosphates added as
conventional fertilizers (TSP, SSP etc.) or as Phosphate Rock and its partially acidulated
forms; (c) to study nitrogen fixation by grain legumes with the view to quantify their
nitrogen contribution to the overall nitrogen economy in a cropping/farming system; and
(d) to study organic matter decomposition with the view to synchronize nutrient release
with crop demand, and how organic matter affects nutrient use efficiency in general.

IAEA assistance will involve provision of equipment (including an emission
spectrometer for 15N analysis, and a liquid scintillation counter for analysis of 32P, expert
service and fellowship training for both scientists and technicians.

Libya

Biological Nitrogen Fixation (LIB/5/008)

Tajoura Nuclear Research Centre, Tripoli
Counterpart: F.A. Sheli

This is a new project commenced only this year, and for a total duration of 3 years.
The project aims at reducing the use of nitrogen fertilizers by paying a greater attention on
grain legumes, which are capable of fixing nitrogen. The approach to be adopted is to
screen and test different rhizobial isolates for high nitrogen fixation capacity. Further,
tests using labelled nitrogen will quantify the nitrogen fixed by different efficient rhizobial
strains and legume cultivar combinations, to obtain the most compatible symbiotic
relationship. The achievement of the objective of the project will also reduce the polluting
effect of adding large quantities of nitrogenous fertilizers into soil. An expert is soon to
assist in designing and setting up the required studies.

Morocco

Symbiotic Fixation of Nitrogen (MOR/5/02(ft

National Agricultural Research Institute, Central Radioisotope Station, Tanger
Counterpart: N. El Mourabit

The objective is to accelerate the research going in biological nitrogen fixation.
This is to be achieved through the provision of an emission spectrometer to speed up the
analysis of ISN in samples that have been generated in various IAEA-supported TC projects
in various agricultural institutes. The nitrogen fixation studies going on in Morocco
include those in grain legumes, pasture legumes and nitrogen fixing trees. The Agency
had, in an earlier project (MOR/5/013), provided a NOI-5 emission spectrometer which
has broken down. With the equipment being obsolete, spare parts have been difficult to
obtain, and the need to replace it with a more modern one. Steps have already been taken
to purchase a NOI-6PC emission spectrometer for this project.
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Senegal

Plant Rooting System Studies (SEN/5/020)

National Agronomy Research Centre, Bambey
Counterpart: M. Diagne

This TC project started in 1991 and is planned to be completed this year. The
objective here is to characterize and study the functioning of the root system of rainfed
crops with the eventual aim of optimizing the use of nitrogen, phosphorus and water. In
the semi-arid areas, rainfall is scanty, and sometimes unreliable. It is significant to note
that genotypic differences have been noted between different cultivars and species in ability
to use scarce water resources and nutrients for growth. The roots are crucial in nutrient
and water uptake, and understanding the role of differences in rooting systems, root size or
amount of and distribution of roots in soil will be important in selecting plants that would
be best suited for such areas. Implementation of this project was slowed down by the
unexpected departure of the initial counterpart, Dr. M. Cisse. An expert is soon to assist
the new counterpart in the rapid implementation of SEN/5/020.

Nitrogen Fixation in Grain Legumes (SEN/5/02H

Agricultural Research Institute, Bambey
Counterpart: A.N. Badiane

The objective of this project is to increase nitrogen fixation in groundnuts and
cowpeas. This is a continuation of a previous IAEA funded TC project, SEN/5/018),
which had succeeded in identifying high genotypic variation in nitrogen fixation among
groundnut and cowpea cultivars. In this new project, Rhizobium selection for the most
compatible relationship between effective rhizobia and cultivars with high potential for
fixation will be carried out. In addition, several management practices, including levels of
soil phosphorus and organic matter (e.g., animal manure) on nitrogen fixation will be
assessed. Also, the decomposition of plant litter will be studied, to examine how much
unharvested legume residue becomes available to soil or plant. This project also comes
under the umbrella of the Regional TC Project on Biological Nitrogen Fixation in Africa
(RAF/5/010).

Sierra Leone

Nitrogen Fixation in Legume and Rice Cultivation (SIL/5/002')

Njala University College, Freetown
Rice Research Station, Freetown
Counterparts: D.S. Amara and S.S. Monde

This project was first approved in 1991 and is planned to run through 1994. The
objectives are to integrate legumes, particularly multi-purpose nitrogen fixing trees within
rice, and to assess the benefits of grain legume (cowpea) cultivation on subsequent crops.
The project has already benefitted from the services of an expert, and several pieces of
equipment and items have been supplied. Plant samples from the experiments conducted
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have been received and analysed recently for I5N enrichment. Also, management practices,
e.g., phosphorus fertilization that enhance biological nitrogen fixation are being studied.
The counterpart, Dr. D.S. Amara is participating in the Regional Africa TC project OP
nitrogen fixation (RAF/5/010).

Tunisia

Nuclear Agricultural Laboratory (TUN/5/012)

Institut National Agronomique de Tunisie, Tunis
Counterpart: Mohamed Brini

The project was initiated in 1989 with the objective to establish a nuclear
agricultural laboratory for teaching and research purposes. The project was executed by
the Institut National Agronomique de Tunisie (INAT). IAEA assistance was in the
provision of equipment and supplies, expert services and training. The counterpart
institution now possesses infrastructure, equipment and personnel sufficient for
teaching/demonstration of nuclear techniques with particular emphasis on phosphorus (using
"P), carbon (using 14C) and soil water (using neutron probes studies).

Tunisia

Assessment of Nitrogen Fixation in Trees (TUN/5/014)

National Institute of Forestry Research, Tunis
Counterpart: H. Nasr

This project was preceded by a previous one, TUN/5/009 under the same
counterpart. It is also included in the Regional Africa TC project on biological nitrogen
fixation (RAF/5/010). The objective of TUN/5/009 is to assess differences in the nitrogen
fixation capacities of various nitrogen fixing trees with a view of improving the fertility of
poor and marginal soils. Already nitrogen fixing tree species capable of growing well on
marginal soils including saline soils (e.g. Acacia cyanophylla) have been identified, and the
major emphasis will now be on the assessment of management practices, needed to •
optimize nitrogen fixation in these trees. Included in the factors being studied are, soil .'
moisture status, soil phosphorus level and effect of mycorrhizal infection. ;

United Republic of Tanzania j

Nitrogen Fixation and Nitrogen Turnover (URT/3/013) Jj

ISelian Agricultural Research Institute, Arusha '}
Counterpart: Adolph Nyaki f

This is a new project that started this year. The major objective of the project is to
study nitrogen fixation in trees such as Leucaena leucocephala, Calliandra, Gliricidia and
Sesbania, and the turnover of the fixed nitrogen in various agro-forestry systems.
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Specifically the project aims at: (a) quantifying nitrogen Fixation by various tree legumes
with the view to select those with high fixing capacity for use in agro-forestry systems; (b)
studying factors determining nitrogen fixation by the trees in the field with the view to
devising management strategies for maximizing nitrogen fixation; (c) studying the transfer
of nitrogen from the trees to accompanying crops, or crops grown in rotation, through
turnover of both below-ground and above-ground tree parts, and to quantify the amount of
saving on fertilizer N, and therefore the requirement for supplementary fertilizer for the
crops; and (d) studying the pathways of nitrogen and establishing nitrogen balance sheet
for important agro-forestry systems with the view to determine their sustainability.

IAEA assistace will involve provision of equipment (including an emission
spectrometer for the analysis of I5N), expert services and training for both scientists and
technicians.

Zaire

Biological Nitrogen Fixation in Trees (ZAI/5/010)

Regional Nuclear Research Centre, Kinshasa
Counterpart: N. Luyindula

The project was approved only this year, and for two years, i.e., up to 1994. The
counterpart is participating in the Regional Africa TC project on biological nitrogen
fixation (RAF/5/010). The objective of ZAI/5/010 is to measure differences in nitrogen
fixation in different multi-purpose nitrogen fixing trees, to assess management practices,
e.g., phosphorus and rhizobial/bradyrhizobial requirements necessary to achieve optimum
nitrogen fixation so as to speed up reforestation with these trees.

Zimbabwe

Nitrogen Economy in Legume-Cereal Rotations (ZIM/5/006)

Chemistry and Soil Research Institute, Soil Productivity Laboratory, Marondera
Counterpart: L.M. Mukurumbira

The project commenced in 1991 with funds allocated up to the end of this year.
The objective of the project is to use 15N to quantify not only nitrogen fixation in legumes,
but also to measure the contribution of legume cultivation to soil improvement and to the
growth of cereals grown after legumes. Agronomic practices including Rhizobium
inoculation are being studied. Many plant samples have been generated from experiments
conducted in the project, and are soon to be analysed in order to assess the effects being
studied.
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SYMPOSIA and SEMINARS

1. Planned

(a) The FAO/IAEA International Symposium on Nuclear and Related Techniques
in Soil/Plant Studies on Sustainable Agriculture and Environmental
Preservation, Vienna, Austria.

We have now finalized the dates of this symposium. It will be held from 17 - 21
October 1994. The symposium is expected to cover:

i. Recent developments in analytical methods and equipment;
ii. Soil organic matter studies and nutrient cycling;
iii. Fertilizer use and management studies;
iv. Water use and management studies;
v. Biological nitrogen fixation in sustainable cropping systems;
vi. Plant physiological aspects in crop production;
vii. Environmental pollution;
viii. Soil conservation, soil erosion and desertification.

The prospectus and other relevant details pertaining to this symposium will be
dispatched to the Member States in due course. For additional inquiries, please contact the
Scientific Secretary of the symposium, Dr. Christian Hera, Head of Soil Fertility,
Irrigation and Crop Production Section, Joint FAO/IAEA Division, Wagramerstrasse 5,
P.O. Box 100, A-1400, Vienna, Austria.

(b) The FAO/IAEA Symposium on the Use of Nuclear and Related Techniques in
Soil/Plant Studies with Special Emphasis on Environmental Preservation and
Sustainable Agriculture.

This symposium will be held as part of the XV International Congress of Soil
Science Society, from 10 - 16 July 1994, in Acapulco, Mexico. Details of this symposium
were given in the December 1992 issue of the Soils Newsletter. The symposium will cover:

i. Organic matter accumulation and decomposition in sustainable agriculture;
ii. Biological nitrogen fixation-selection of genotypes to increase BNF and

yield;
iii. Fertilizer use and plant nutrition in different cropping systems;
iv. Soil-plant-water relationships;
v. Crop productivity in deleterious soils.

For additional information, please contact Dr. Christian Hera, Head of the Soil
Fertility, Irrigation and Crop Production Section, who will act as the convenor of the
symposium on behalf of the Joint FAO/IAEA Division of Nuclear Techniques in Food and
Agriculture.
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2. Completed

(a) The FAO/IAEA Seminar for Asia and the Pacific on Nuclear Related Methods
in Soil/Plant Aspects of Sustainable Agriculture
5 - 9 April 1993, Colombo, Sri Lanka

The FAO/IAEA Regional Seminar for Asia and the Pacific on Nuclear Related
Methods in Soil/Plant Aspects of Sustainable Agriculture was held in Colombo, Sri Lanka
from 5-9 April 1993 in co-operation with the Atomic Energy Authority of Sri Lanka.
Forty scientists from 11 countries in Asia and the Pacific region (Bangladesh, India,
Indonesia, Japan, Malaysia, Myanmar, Pakistan, the Philippines, Sri Lanka, Thailand and
Viet Nam) and 4 from outside the region (Australia, Belgium, Nigeria and the United
States of America) participated in the Seminar.

The first 3 days (Monday to Wednesday) were devoted to presentations by the
participants. Altogether 28 papers were presented. They ranged from those on N fertilizer
studies. P fertilizer studies, biological N2 fixation, agroforestry systems, biofertilizer and
organic matter studies, soil/plant water relationships, micronutrients, photosynthesis and
carbon metabolism, and crop production in deleterious soils with special reference to saline
soils. The major isotopes that have been used as tracers in these studies included I5N, 32P,
UC, "C and wZn. A field excursion to institutes of agricultural interest was the main
activity on Thursday. The participants visited the Central Agricultural Research Institute
(CARI) and the Plant Genetic Resources Centre (PGRC) in Peradeniya and the Institute of
Fundamental Studies (IFS) in Kandy. Discussions and demonstrations at these institutes
centred around problems connected with increasing crop production and developing
sustainable agricultural practices not only for Sri Lanka but for Asia and the Pacific region
in general. A plenary session was held on Friday during which a summary of the
proceedings was presented and future strategy discussed with respect to developing
sustainable agricultural practices in the region. It was clear that the major thrusts in
agricultural research vary from country to country depending on the crop types used and
the particular soil and environmental constraints to crop production. Nevertheless, there
was general concensus that nitrogen is still the key limiting element whose availability in
soil will have to be increased if we are to develop sustainable agricultural systems for the
future. However, the chances that the quantity of commercial nitrogen fertilizers used by
the Asian farmer (like those in other developing countries) will be increased in the
foreseeable future, are very remote. On the contrary, in many situations this may even be
the opposite where the quantities presently used may have to be further reduced due to
economic constraints. In this context, integrated fertilizer management practices
incorporating biological nitrogen fixing systems such as legumes (grain legumes and tree
species) and Azolla into cropping systems was considered one of the best options for the
present. In the long-term, such systems would not only increase the nitrogen fertility of
the soil but would in addition improve the organic matter content and other desirable
properties of the soil. It is expected that stable isotopes such as 15N and I3C would be used
even to a greater extent in future studies particularly because of the ease with which they
could be employed as tracers under field conditions. There was also general agreement
that more emphasis should be laid in the future on research involving (a) agronomic
evaluation of rock phosphates using 32P and (b) development of better water management
practices using neutron probe and gamma density probe techniques.
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It was also pointed out that most of the agricultural problems particularly related to
major crops such as rice and grain legumes are common to the region and that the most
effective way to address these problems on a regional basis would be through co-ordinated
regional research projects. The problems associated with technology transfer were
discussed as a major issue affecting agricultural development in the region. In addition, it
was noted that in many countries research ends in the laboratory and the valuable findings
often never reach the farmer through whom the country at large could finally benefit. The
participants urged that urgent measures should be taken to remedy the situation without
which the full benefits of agricultural research cannot become visible. The general view of
the participants was that the seminar was a great success and that such events should be
held more frequently in the region. The proceedings will be published by the IAEA.

37



SOiL FERTILITY, IRRIGATION AND CROP PRODUCTION SECTION

Mailing List Update

I wish to continue receiving the Soil Newsletter: YES NO
(circle whichever appropriate)

I wish to be added to the mailing list for the Newsletter:

Name:

Institute:

Address:

TELEX:

FAX:

TELEPHONE:

The address is: changed unchanged new entry
(circle whichever is appropriate)

If you wish to make any comments on the Newsletter, please make them on the reverse side
of this page.

Signature: Date:

Please return this form to:

Dr. Ch. Hera
Head, Soil Fertility, Irrigation and

Crop Production Section
Joint FAO/IAEA Division of Nuclear

Techniques in Food and Agriculture
P.O. Box 100, Wagramerstr. 5
A-1400 Vienna, AUSTRIA



Soils Newsletter
Joint FAO/IAEA Division

of Nuclear Techniques in Food and Agriculture
International Atomic Energy Agency

Wagramerstrasse 5, P.O. Box 100
A-1400 Vienna, Austria

Telefax: + 43-1-234564

Printed by the IAEA in Vienna
July 1993

40


