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TO OUR READERS

First, on behalf of my colleagues in the Soil Fertility, Irrigation
and Crop Production Section and the Soils Unit, IAEA Seibersdorf
Agricultural Laboratory, may I extend to all our readers every best wish
for a happy and rewarding 1991.

The big occasion of the last six months was the International
Symposium on the Use of Stable Isotopes on Plant Nutrition, Soil Fertility
and Environmental Studies held in Vienna October 1 to 5, 1990. It was very
timely and very successful judging by the feed back we have had - more of
that later in this Soils Newsletter.

Kvery 3 years the International Foundation for Science (based in
Sweden) gives the Sven Brohult Award to a developing country scientist "to
recognize excellence in research and create a better scientific atmosphere
in developing countries". It was with great pleasure that we learnt in
August that Nteranya Sanginga has won the 1990 award, for his significant
contributions to research on nitrogen fixation by trees. We congratulate
him on this well deserved award. We were pleased to have Sanginga as a
colleague in Seibersdorf for two and a half years. A year ago he joined
thr International Institute of Tropical Agriculture where he is the
Assistance Co-ordinator, Alley Farming Network for Tropical Africa. He is
still extremely active in his own research, some in collaboration with us
extending his research carried out here to the field.

1 bring to your attention the two training courses we will be running
in 1991. The first is an interregional course on the use of isotopes and
radiation techniques in studies of soil/plant nutrition; the venue has yet
to be confirmed. The second is a Regional Training Course, focussing on
Plant Nutrition and Agroforestry, to be held at the International Institute
ot Tropical Agriculture, Ibadan, Nigeria, 29 July to 30 August. Details
are given later in this Newsletter.

I draw your attention to the section on co-ordinated research
programmes, in which we report on the final research co-ordination meeting
which was held for the programme "To improve yield and N2 fixation on
grain legumes in Latin America with the aim of increasing food production
and saving N-ferti1izer", and the initiation/implementation stages of three
new CRPs: (i) the measurement and management of nitrogen fixation by trees,
(ii) the use of DNA probes in microbial ecology and (iii) the use of
nuclear and related techniques in assessment of irrigation schedules of
field crops to increase effective use of water in irrigation projects.

Arrivals and Departures

We welcome Femi Awonaike from the Institute of Agricultural Research
and Training (IAR+T), Obafemi Awolowo University, Ibadan, Nigeria, who is
continuing Sanging's tree work in the Seibersdorf Laboratory. As well as
examining nitrogen fixation by trees in acid soils, Femi will be
conducting some mycorrhizal studies.



Kate Wilson (Wye College, U.K.) and Joe Corbo of Michigan University,
US joined us to work with Gudni Hardarson initiating studies on the use or
molecular biology approaches to microbial ecology in the rhizosphere. It
is our great loss that Kate will shortly be joining the Dept. of
Microbiology, Wageningen, The Netherlands, to join Dr. Antoon Akermann's
group on a similar topic. We wish her well.

We also welcome Angela Sessitsch. a biochemist/biotechnologist from
the University of Technology, Graz, Austria. Angela has joined the staff
of the Soils Unit, Seibersdorf.

Well, not all of the movement is in Seibersdorf. On January 13,
I return to Australia after 5 years here. Although 1 will be in
pseudo-retirement, I expect to be quite active still especially in nitrogen
fixation by trees, rhizosphere biology (including mycorrhizas) root biology
and plant nutrition. My base will be the Div. Soils, CSIRO, PMB 2, Glen
Osmond, South Australia 5064, Australia.

The Austrians have a saying "Homeland is Homeland", and 1 guess that
says it all, even though my wife, Glenda, and I fall more in love with
Austria and Vienna every year. If we don't go now, we may never goi:

It has been a memorable experience to work in the Joint FAO/IAKA
Division of Nuclear Techniques in Agriculture. I am proud of its
activities, and especially those in the Soil Fertility, Irrigation and Crop
Production Section and the Soils Unit, Seibersdorf. We have come a fair
way together. We have made innovative changes to our training courses and
fellowship training and have started several new activities, for example,
research on selection of genotypes of crop plants and tree species for high
efficiency in uptake and use of water, the measurement and management of
nitrogen fixation by trees for restoring and maintaining soil fertility,
the use of DNA probes in microbial ecology, selection of grain legumes in
S.B. Asia for enhanced biological nitrogen fixation, plant water deficient
irrigation, root biology and physiology, increased use of stable isotopes
and so on. It has been a pleasure working with all of my colleagues from
the Divisional Director (Dr. B. Sigurbjornsson) down, including
professional, technical, clerical and general staff at Headquarters and at
Seibersdorf Laboratory, and also with my colleagues in other Sections of
the Joint Division. Although I shouldn't name individuals, 1 take this
opportunity of thanking Cevat Kirda to the production of the Newsletter
over the past three and half years. It has been a particular pleasure
interacting with scientific colleagues all over the world, especially,
those in developing countries - your country needs your help and we are
pleased to help you in this.

I hope to catch up with some of you in the future, meanwhile, my
heartfelt thanks and all best wishes.

Glynn Bowen

P.S. At this stage my successor has not been announced, 1 wish him all
the happiness and fruit fulness I have had here.
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CO-ORDINATED RESEARCH PROGRAMMES

A. Increasing and stabilizing plant productivity in low phosphate and
semi-arid and sub-humid soils of the tropics and sub-tropics.
(Project Officer: Saliya Kuroarasinghe)

Ten contract holders from Africa (Ghana, Kenya, Morocco, Nigeria,
Senegal, Sierra Leone, Sudan, Tunisia, Tanzania and Zaire) and four
agreement holders from the Federal Republic of Germany, France and Sweden
are presently involved in this project. Agreement holders from Nigeria and
New Zealand will join the programme shortly. The first year field
experiments on screening for plant genotypes for high water and phosphate
use efficiency are nearing completion. Plant samples for l3c/12c
ratios are being analyzed at the Waikato Stable Isotope Unit in New
Zealand. The results of these experiments will be presented at the second
research co-ordination meeting planned to be held at the Kenya Forestry
Research Institute in Nairobi, Kenya from 18-22 March, 1991.

B. Improvement of yield and No fixation of grain legumes with the aim
of increasing food production and savinR N-fertilizer in tropics and
sub-tropics of Asia
(Project officer: S.K.A. Danso)

This Co-ordinated Research Programme (CRP) is funded in large part
from money provided by UNDP. To date, there are eight participants, with
two to three more contractors envisaged to join soon. Two research
co-ordination meetings (RCMs) have already been held in Thailand and
Pakistan. The aim of the CRP is to harness the skills of soil
microbiologists, agronomists, plant breeders and plant physiologists to
screen existing natural or mutant cultivars of legumes of importance in the
region, and where possible, to breed cultivars that can attain high yields
which are obtained through increased nitrogen fixation capacity rather than
through fertilizer N inputs. The ^^U methodology is being used to
measure nitrogen fixed in different cultivars.

C. Use of isotopes in studies on nitrogen fixinK trees
(Project officer: S.K.A. Danso)

This CRP is funded from the IAEA Regular Budget and a grant from the
Organization of Petroleum Exporting Countries (OPEC) Fund. The CRP, which
has 13 participants is in its first year, and has recently held its first
RCM in Vienna (see later). The CRP will focus on the exploitation of trees
with high N2~ fixation potentials in agroforestry and for the restoration
of soil fertility. Measurement of N2 fixation in trees will be made
using either the 15N natural abundance technique (mainly by agreement
holders) and the 15N fertilizer addition method. The CRP is expected to
run for 5 years.

D. The use of nuclear and isotopic techniques to improve crop production
on salt-affected soils.
(Project officer: Cevat Kirda)

The third research co-ordination meeting of this programme is to be
held in Lahore, Pakistan, 24-28 February 1991. The meeting will mainly
focus on discussions of the results obtained from field experiments where
biological amelioration of salt-affected soils, by growing salt-tolerant
crops, is assessed by all programme participants.



E. Assessment of irrigation schedules of field crops to increase
effective use of water in irrigation projects.
(Project officer: Cevat K.irda)

The deadline for research contract submissions of this programme has
now been closed. Out of nearly 20 research contract proposals, we could
only recommend 10 for research contract awards simply because of budgetary
restrictions. We plan to have the first research co-ordination meeting of
this new programme either in late 1991 or early 1992.

F. A new co-ordinated research programme on the use of molecular M O I O K V
in microbial ecology
(Project officer: Gudni Hardarson)

A consultants meeting held by the Soil Fertility, Irrigation and Crop
Production Section of the Joint FAO/IAEA Division in December 1988
recommended that the Soils Group could make unique contributions in
developing DNA probe work, mainly in microbial ecology, as an effective
extension of the existing programmes on management of nitrogen fixation by
trees and grain legumes in the developing countries. The use of DNA probes
was considered to be a practical and important base from which to commence
molecular biology/ecology activities to transfer relevant molecular ecology
to developing countries.

The objective of the proposed programme is to further develop
molecular biology methods for use in soil microbiology. Another aim of
this programme would be to help in developing and testing DNA probe methods
for studying the ecology of soil micro-organisms. It should take about 2-3
year;; with 7-10 agreement holders participating. The programme should pave
the way for these methods to be used by contractors in the developing
countries, perhaps with the production of appropriate kits.

TRAINING COURSES

1. KAO/IAEA Interregional Training Course on the use of isotope and
radiation techniques in studies of soil/plant relationsships with
emphasis on plant nutrition
Seibersdorf (near Vienna) Austria 21 May to 28 June 1991.

The objective of the course is to give scientists from developing
countries a sound working knowledge of the relevant isotope and nuclear
techniques in soil/plant relations research. The main aim of this research
is to find ways of increasing and sustaining crop productivity and soil
fertility in developing countries.

This is a six-week course. The course will cover basic aspects of
isotopic and nuclear techniques in soil/plant relationship studies with
emphasis on topics related to (a) fertilizer use efficiency (mainly N&P),
(b) biological nitrogen fixation (c) water use efficiency, and (d)
physiological and biochemical aspects of plant nutrition. The range of
activities coming within the scope of the course is potentially very wide.
Broad coverage of techniques will, therefore, be given through intensive
classroom lectures, laboratory sessions, greenhouse and field experiments,
films and discussion groups.

Participants must have a university degree and should be specialized
in the field of soil and/or crop science. Preference will be given to
those who are actively involved in FAO/IAEA Co-ordinated Research and/or



Technical Co-operation Programmes on the above topics. As the course will
be conducted in English, participants should have no difficulty in
following lectures and expressing themselves in this language.

Nominations should be submitted in duplicate on the standard IAEA
nomination forms for training courses. Completed forms should be endorsed
by, and returned through the official channels established (e.g. the
Ministry of Foreign Affairs, the National Atomic Energy Authority, the
office of the United Nations Development Programme or the Ministry of
Agriculture). They must be received by the International Atomic Energy
Agency, P.O. Box 100, A-1400 Vienna, Austria, not later than
1 March 1991. Nominations received after that date or applications sent
direct by individuals or by private institutions cannot be considered.

Nominating Governments will be informed in due course of the names of
the candidates who have been selected and at the same time will be given
full details of the procedure to be followed with regard to administrative
and financial matters.

During their attendance at the course, the IAEA will, at its own
expense, accommodate the whole group of participants in one hotel. The
IAEA will also pay them a stipend which will be sufficient to cover the
cost of their food and incidentals.

Further details, if necessary, may be obtained by writing to the Head,
Soil Fertility, Irrigation and Crop Production Section, Joint FA0/1AEA
Division of Nuclear Techniques in Food and Agriculture, P.O. Box 100,
Wagramerstrasse. 5, A-1400 Vienna, Austria.

2. FAQ/IAEA Regional Training Course on isotope and nuclear techniques in
studies on soil/plant relations with emphasis on agroforestrv and on
plant nutrition.
Ibadan, Nigeria, 29 July to 30 August, 1991.

The course is being organized for about 20 selected scientists mainly
from Africa. The course will consist of lectures and practicals with
emphasis on the use of isotopes and nuclear techniques in studies of trees,
particularly nitrogen fixing trees, their use in agroforestry, and their
influence on soil physical, chemical and biological properties. The host
institute is the International Institute for Tropical Agriculture (IITA) in
Ibadan, and participation is open to African scientists with minimum
qualification of a first degree, and must additionally be involved in
studies on trees or agroforestry. An announcement is being prepared, and
would soon be available. Interested applicants should write to the Head,
Training Course Section, IAEA, POB 100, Wagramerstrasse. 5, A-1400 Vienna,
Austria, for application forms.

MEETINGS HELD

1. The third and final research coordination meeting on "The use of
isotopes in studies to enhance biological nitrogen fixation in common
bean in Latin America". Vienna International Centre, Austria, 24 to
28 September 1990.
(Scientific Secretary: Gudni Hardarson)

The present coordinated research programme (CRP) was initiated in
1985, after it had been established that there were great differences
between species of grain legumes in nitrogen fixation potential. In common



bean nitrogen fixation had been found to be very inefficient and therefore
there was a possibility to enhance the symbiotic fixation in this crop, of
great importance in Latin America. A similar programme is now being
conducted in Asia.

The main objective of this CRP now concluding to an end, was to
investigate the nitrogen fixation potential of common bean and to establish
methods for its improvement. Several cultivars have been found, which are
better than the commercial ones. We are also now in the position to give
detailed recommendations how nitrogen fixation can be increased using a
multidiscipjinary approach with agronomical, microbiological or plant
breeding methods. A full report is to be published in 1991/92.

Excepts from presented reports:

F.A. Bliss
Dept. of Pomology, University of California, Davis, USA
Breeding common bean for increased biological nitrogen fixation

The benefits of an effective rhizobium/legume symbiosis in plants
grown under N-poor soil conditions accrues to the host plant in the form of
plant N derived from fixation and ultimately increased plant growth and
seed yield. Therefore, when breeding comon bean (Phaseolus vulgaris L.)
for increased N2 fixation, our selection criteria have included estimates
of total plant and seed N from fixation, proportion of total N from
fixation, evaluation of components of fixation such as nodule
characteristics, and traits associated with fixation, e.g., acetylene
reduction activity. If fertilizer N is added and the soil N levels are
unknown, ^^[j-isotopic methods and suitable non-fixing check plants are
required to obtain accurate estimates of N from fixation. When low-N
growing conditions can be verified by a non-fixing check plant (i.e.,
non-nodulating soybean, bean), the difference method can be used and
variation in N accumulation among replicated plant genotypes can be
ascribed to differences in N2 fixation ability.

The inbred backcross method has been used to produce segregating
populations for selection. A high-fixing donor parent was crossed to a
low-fixing but otherwise desirable cultivar. After two backcrosses to the
cultivar and 1-3 generations of inbreeding by single seed descent, field
selection among replicated inbred backcross (i.e., BC2S3) families was
made for plant and seed N from fixation, seed yield and other important
traits. Low-N field sites, 15_iSOt0p^c methods and suitable non-nod,
soybeans were used to help discriminate among families for high N2

fixation. Selected families with high N2 fixation and agronomic traits
similar to the recurrent parents Sanilac and ICA Pijao have been evaluated
extensively in Wisconsin and Brazil. Estimates of N2 fixation in adapted
black-seeded lines have been up to 50-100 kg ha"1 (Wisconsin), and up to
30-40 kg ha"1 (Brazil). The black-seeded lines WBR22-3, WBR22-8,
WBR22-34, WBR-22-50 and WBR22-S5 were developed, tested and released
cooperatively by CNPAF/EHBRAPA, Brazil and the University of
Wisconsin-Madison, USA in 1989 (Bliss et al., 1989, Crop Sci. 29:240-241),
and nc« are being evaluated for possible release as cultivars in Brazil.

Contrary to the belief that N2 fixation of beans declines at the
onset of seed maturation, in some improved lines more than 50% of the total
fixation occurred during seed maturation. In concurrent studies, the
nodules on lateral roots were found to be particularly active during that
time. The implications of these results are that inoculant added with the
seed may be ineffective in producing nodules on lateral roots and it should



be added postemergency 15-20 cm away from the rows. Plant genotypes
capable of effective and profuse nodulation on lateral roots with either
superior inoculant or effective native rhizobia offer considerable
potential as high fixing lines. Conclusions about strain competitiveness
and effectiveness of "super" inoculant added to the seed should be
re-evaluated in light of these results.

P.A.A. Pereira
EMBRAPA/CNPAF, Goiamia, Brazil
Response of various breeding lines to rhizobial inoculation

Different times of rhizobia application (i.e., at planting and at 15,
30 and 45 days after emergence) did not enhance nodulation and yield of
three bean cultivars. However, the amount of shoot N and N content in the
grain was higher on the lines selected for N2 fixation potential, e.g.
WBR 22-50 and Honduras 35 compared to the bean cultivar, Rio Tibagi. The
high amount of N in the plant was also reflected in higher yields. In the
second experiment significant differences were found among different types
of rhizobia inoculation in % Ndfa, shoot N content and grain yield. The
treatments where inoculum was incorporated into the soil had up to 65 % of
the N derived from N2 fixation compared with 41 % for the uninoculated
control, furthermore the N treatment had also a higher proportion of N
derived from N fixation, but this was not reflected in higher yield. The
higher amount of N2 fixation in the treatment with rhizobia incorporated
into the soil might indicate enhanced secondary nodulation which seems to
be important for the N status in common bean.

A. Manrjque
National Agricultural University, La Molina, Lima, Peru
Evaluation of three rhizobial strains on three common bean.

A field trial was carried out at the University at La Molina to test t
the nitrogen fixation effectiveness of three strains of Rhizobium
leeuminosaruro biova. phaseoli (Lima-9A, Huarmey-36 and CIAT-632) on three
selected cultivars (Canario G-187-2, Bayo G-7.5-2 and Caballero) of common
bean. Evaluation of plant height, dry weight of leaves, nodule numbers and
weights have been made with preliminary results available. Plant samples
are now being analyzed for %N and N-15 atom excess to quantify biological
nitrogen fixation in the various treatments.

C.A. Sanabria
DGEN, Guatemala-City, Guatemala
Nitrogen fixation by Phaseolus vulgaris as Quantified by the N-15
isotope dilution method.

Two field experiments were performed at Chimaltenango and Jutiapa in
1989 each testing ten cultivars of common bean for their effectiveness in
nitrogen fixation using the N-15 isotope dilution method. The experiments
had six replicates arranged in randomized block design. Wheat, millet or
non-nodulating soybean were used as non-fixing reference crops. N-15 *
labelled ammonium sulphate was applied six days after planting at the rate *
of 10 kg N/ha.

Lines CH 86-48, Compuesto Chimalteco 2 and CH-10 were the best fixers
at the Chimaltenango site with more than 70 % N derived from atmosphere
compared with the fixation as low as 57% by other tested varieties. The
cultivar CU 85-15 tested at the Jutiapa site gave 57 % N derived from air.
The lowest value in this site was 23%.



A. H. Longer! and I. Vidal
University of Concepcion, Chilan, Chile
Evaluation of nitrogen fixation by bean cultivars of importance in
Chile and the effect of nitrogen fertilization on yield.

During two years, 28 bean cultivars, belonging to type I, II and III
growth habits were tested in the field for their nitrogen fixation
potential using the N-15 isotope dilution method. The average values for
percentage N derived from atmosphere were 44, 45 and 54 % for type I, II
and III cultivars, respectively, corresponding to 47, 62 and 82 kg N/ha
nitrogen fixed.

A greater response to nitrogen fertilization at flowering was obtained
in type I bean cultivars reaching 28 and 49 % yield increments on the
average, during the first and second year, respectively.

J.J. Pena-Cabriales
Centro de Investigacion de Estudios Avananzado del IPN, Irapuata,
Mexico
Effect of water stress on N2 fixation and grain yield of four
cultivars of Phaseolus vulgaris in "El Baiio". Guanajuato.

Eighty-five percent of the dry bean production area in Mexico in
non-irrigated and most of it suffers drought some time during the growing
season. The N-15 isotope dilution technique was used to study the effect
of drought on nitrogen fixation and yield of four cultivars of beans. The
cultivars tested were: Flor de Mayo Bajio, Bayocel, Bat 477 and Honduras
35. Pearl millet was included as a reference crop. Two water stress
treatments were imposed: a) during vegetative stage and b) during
reproductive stage. A control with no water stress was also included.

The results indicate interesting differences among the cultivars
tested in regard to N2 fixation. The effect of drought was particularly
significant when imposed during reproductive stage of the crop.

M.R. Cigales-Rivero
University of Colima, Mexico City, Mexico
Evaluation of N-fixation in commercial cultivars of Phaseolus vulgaris
with 15N dilution method^

Although local commercial cultivars of common bean are important
economic crops in Mexico, few attempts have been made to improve its
nitrogen fixation capacity. Previous experiments showed that varieties
obtained through landraces selection were superior in genetic stability to
hybrid varieties.

The main purposes of this work are: (a) systematic screening of
varieties to identify genotypes with higher capacities for fixation to be
used as parental material in a programme for genetic improvement and, (b)
the evaluation of 15N dilution method for estimating N2 fixation
capacity in Phaseolus vulgaris cultivars. Significant differences were
found between the 17 cultivars in terms of N2 fixation capacity.
However, none of the cultivars had both high grain yield as well as high
N2 fixation characters.
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Siu Mui Tsai
CENA, Piracicaba, Brazil
Improvement of BHF in common bean (Phaseolus vulaaris L.)

The main constraint of bean to increased productivity is the inability
of the plant to fix enough N2 under a normal low N and P fertilizer
practice situation, in which most bean are grown in L. America. To achieve
an adequate N requirement for a substantial yield, rates as high as 100 kg
N/ha must be added, but N2 fixation can be severely affected by
K-fertilization.

Several studies were undertaken to determine the contribution of
agronomic management (such as association with maize, increased soil
fertility or foliar N-fertilization) on nitrogen fixation in elite bean
cultivars. When associated with maize, higher %Ndfa (%nitrogen derived
from the air) ranging from 54-66%, were obtained when compared to monocrop
bean (27-50%). Under this condition, estimates of BNF by 15N enriched
and 15|>j natural variation methods were similar for monocrop bean (24 and
30 kg N/ha respectively) and intercropped bean (24 and 24 kg/ha,
respectively). Another field study, confirmed the need for Rhizobium
inoculation on beans, which gave a 62% increase in grain yield (1191 kg/ha
over 733 kg/ha) under low N-soil condition. Small rates of N-fertilizer
(10-20 kg N/ha) had a beneficial effect on nodulation, as increases of
nodule mass and activity were observed when compared to the control. When
an additional 10 kg N/ha is sprayed over bean leaves before flowering,
yield was significantly increased from 806 kg/ha to 1222 kg/ha, in contrast
to 1082 kg/ha obtained in the treatment with N added to the soil. BNF
averaged 68 - 82 % and corresponded to amounts of 34-43 kg N/ha.

Our data support the idea that the N-requirement of bean can be
fulfilled by BNF plus a supplement of starter N (10-20 kg/ha),
preferentially sprayed over leaves, once a balanced nutritional condition
exists for normal growth.

2. The first research co-ordination meeting on "The management of
nitrogen fixation by trees for restoring and maintaining soil
fertility". The Vienna International Centre, Austria, 29 October to 2
November, 1990.
(Scientific Secretary: S.K.A. Danso)

The meeting was attended by 12 participants from Canada, Chile, China,
Ghana, Malaysia, Pakistan, Philippines, Senegal, Sri Lanka, Thailand and
Uganda, with one observer from France. The contractors from Cameroon and
Zaire could not attend. At the meeting, each participant presented a report
on work already in progress or envisaged on nitrogen fixing trees in
his/her institute. The potentials of nitrogen fixing trees for restoring
soil fertility, providing much needed fuelwood and increasing the yield of
food crops through nutrients supplied from mulch or litter decomposition
were discussed. It was however agreed that there is a need to screen for
genetic differences in nitrogen fixing abilities of different trees, as
this could significantly affect the benefits expected from agroforestry.
The difficulties in using the " u methodolgies, and possible remedies
were discussed. As a core experiment, it was decided that the contractors
would select nitrogen fixing trees of their choice, and assess nitrogen
fixed over several years, with emphasis on how nitrogen fixation will be
affected by the recycled litter with time.
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SYMPOSIUM

The use of stable isotopes in plant nitrition. soil fertility and
environmental studies. The Vienna International Centre, Austria, 1 to
5 October 1990.
(Scientific Secretary: Glynn Bowen)

This very successful symposium was attended by 150 to 200 scientists
from 40 countries. There were 48 presented papers and 46 posters on a
range of topics, indicated below:

Hew methodologies. Automated ANCA-MS methods, Dumas elemental
analysis mass spectrometry (for sulphur), and NMR-organic matter studies.

Methods for measuring bioloaical nitrogen fixation. Several papers
addressed the isotope dilution method and the natural abundance methcd for
measuring BNF. Other papers discussed the use of 15ft methods for
measuring BNF by trees, the Azolla-Anabaena symbiosis and genotypic
differences in BNF within species of herbage and grain legumes. One paper
indicated that mycorrhizal plants may have access (physical or chemical) to
sources of nitrogen not readily accessible to uninfected plants.

The use of ^ C and -^N in soil organic matter studies. Various
papers were presented.

Advances in the use of 1̂ M in studies on N transformations in soil .
The presentations included field data for temperate and tropical areas and
the use of an arc method to measure nitrogen fertilizer loss.

Efficiency and uptake and use of nitrogen fertilizers. The papers
included agronomic fertilizer use efficiency and analyses of the plant
ecophysiological factors in N use and in plant genotype differences in the
uptake and use of nitrogen.

Plant metabolism. The topics included 15JJ in plant metabolism, a
15N root bioassay to evaluate N-P, N-K interactions, 13C/^5N studies
on storage and remobilization, and the effect of carbon source.on
12c/13c composition of sea grasses.

The use of 13C/-*-2C descrimination as an indication of water use
efficiency. Various papers.

The use of l̂ C j n nitrogen fixation and in carbon flux studies.
Various papers.

H2 0 transport in soil/plant water studies. Various papers.

Sulphur flows and transformation in ecosystems. Three papers were
presented.

content of atmosphere carbon dioxide. Natural variations of
in the various reservoirs of the global carbon cycle, primarily

the atmospheric reservoir, are a basic tool in unraveling the various
exchanges and especially the fate of fossil-fuel CO2, and in predicting
the future CO2 increase in the atmosphere.

The symposium concluded with a summing up by Dr. Maurice Fried,
indicating some of the problems facing soil/plant scientists and the
increasing role of stable isotopes in such research. These areas include:
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sustainable agriculture, the environment, forestry/ deforestation, nutrient
:ycling/microbiological research and biotechnology.

The proceedings - estimated to be some 750 pages - will be available
;rom the Publication Section, IAEA. P.O. Box 100, A 1400, Vienna from
ibout end of June 1991. The price: US$ 140.

IIGHLIGHTS OF RESEARCH OH NITROGEN FIXING TREES (NFT) AT SEIBERSDORF
LABORATORY

Research studies on nitrogen fixing trees (NFT) have been intensified
it the Seibersdorf Laboratory since the last report in the December 1988
Newsletter issue. The objectives of the studies remain the same and have
concentrated in the areas of methodology, the biology of the two partners
in the symbiotic association and some management practices (e.g. cutting
frequency).

NFT seedlings (grown in pots in the greenhouse) can be treated as
annual grain/pasture legumes (under similar conditions), and as such those
techniques (including isotopic) used in studying the annuals can be used
for the trees. Hence, the "JJ isotope dilution (I.D.), A-value and total
N difference methods have been used in estimating atmospheric dinitrogen
fixation by NFT with variable degrees of accuracy. There is however a need
to conduct further studies in both the glasshouse and the field on the
amount and enrichment of tracer 15N fertilizer to apply to NFT species as
opposed to that recommended for the annual crops. This is because of the
longer growth duration of the trees, differences in the time lag for tree
species to initiate nodulation and fixation, and the need to correct for N
stored in the tree before the tracer is applied (especially in those cases
wheii tracer ^ N js applied after the establishment of the plantation.).

Work is in progress in developing adequate BNF quantification
methodologies for young NFT. For instance, BNF estimates of field grown
Robinia pseudoacacia trees were made over a 2-year period, in which Svringa
vulgare and Ligustrum vulgaris were used as the non-N fixing reference
plants and various sampling techniques of the plant parts were adopted.
Irrespective of the reference plant used, similar BNF values were estimated
for the Robinia pseudoacacia. It had 86% Ndfa (equivalent to 16 g N per
tree) during the first year and 90% Ndfa (41 g N per tree) over the 2-year
period. Due to the differences in the 15j| enrichments among the various
plant parts, it will not be possible to sample a plant part and estimate
the 7. Ndfa of the tree. A quantification of the amount of N2 fixed by
the tree would certainly necessitate its destructive sampling, or very
intensive sampling.

Nitrogen fixing tree species for which large genetic variations in
symbiotic nitrogen fixation have been observed in addition to those earlier
reported (see Dec. 1988 issue) now include Casuarina and Allocasuarina.
For instance, Cj. eauisetifolia was found to fix higher N than C.
cunninghamiana by deriving on the average 6354 (equivalent to 45 mg N/plant)
and 43% (22 mg N/plant) respectively of their N from fixation, at 36 weeks
after planting. Among the various provenances tested, the % N fixed ranged
from 14 to 76% (equivalent to 4 to 25 mg N/plant) for Cj. eauisetifolia and
25 to 75% (equivalent to 4 to 29 mg N/plant) for C± cunninehamiana. We
suspect that this trait of genetic variation among provenances in symbiotic
nitrogen fixation is prevailent in other NFT species not yet studied . In
Gliricidia sepium however, the large plant to plant variation in symbiotic
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N fixation and other phenotypic traits such as biomass and total N
accumulation have been found to be due to the plant host genotype x the
rhizobia microsymbiont interaction rather than either of the two
symbionts. For instance, in an experiment when 5 provenances of GL. sepium
were inoculated with 5 Bradvrhizobium strains, ro one strain was found to
be superior over all the host genotypes nor one genotype over the strains.
The contribution of the host genotype x strain interaction to phenotypic
variations were consistently significant (p < 0.05).

Some genotypes of Casuarina and Allocasuarina sp. which have been
identified to be tolerant to low soil P conditions have been tested for
their response to different P levels. Growth of Ĉ_ equiset i folia dependent
on symbiotically fixed N was observed to be more sensitive to low P levels
(30 mg P/Kg soil) than was seedlings supplied with combined
nitrogen. At higher P levels (up to 90 mg P/Kg soil) however, the growth
response curves were similar for both N fertilized and inoculated plants.
There was a decrease in both %N fixed and biomass accumulation
of Casuarina and Allocasuarina sp. plants at the high P level (90 mg P/Kg
soil) and this was attributed to P toxicity. Genetic variation has
also been observed in the tolerance of Casuarina sp. to salinity as
provenances of Ĉ . equisetifolia which performed better than those of C.
cunninghamiana when not stressed (i.e. nil saline soil condition) were less
tolerant to salinity. For instance, the % Ndfa by C^ equiset ifolia lot
14233 was reduced from 66 to 16 when no saline and 100 ml 2M NaCl/pot
saline conditions were respectively imposed, whereas the corresponding Ndfa
values for C^ cunninehamiana lot 13519 were 31% and 20%, respectively.

As reported earlier (Dec. 1988 issue), nodule senescence and decay
occur at 3 weeks after cutting Leucaena leucocephala and thereafter new
ones form. However, plant genetic variations are observed in their
response to inoculation at each cutting and their capability to fix N after
each cutting. L̂ . leucaena provenance K636 was found to respond to
inoculation at the 1st and 2nd cuttings (that is, at 12 and 24 weeks after
planting, WAP) while provenance K28 responded to inoculation only at the
3rd cutting (at 36 WAP). Also, inoculation of K636 with IRc 1045 resulted
in 57% Ndfa at the second cutting and decreased to 36% at 36 WAP, while in
association with strain USDA 3409 there was an increase from 44 to 53%
respectively. No significant difference (P < 0.05) was observed in % Ndfa
by K28 when inoculated with either of the two rhizobia strains at each
cutting, although the total N fixed increased with age.

Efforts are presently being directed at identifying the best plant
host genotype and rhizobia strain(s) combinations for specific conditions
and identifying those environmental constraints which limit the optimum BNF
expression of these associations in the various localities. In this regard
an IAEA/IITA collaborative field programme on the measurement and
management of nitrogen fixation by NFTs in the humid tropics, is being
conducted in Ibadan, Nigeria.

HEW RESEARCH ACTIVITIES AT SEIBEBSDORF

As part of the back-up research and development in support of the Soil
Fertility programme area of the Joint FAO/IAEA Programme: the Soil Science
Unit at the Laboratory has embarked on new research activities.

In support of the new CRP on the use of molecular biology in roicrobial
ecology, research work has been initiated at the Seibersdorf Laboratory on
the use several methods, i.e. (i-glucuronidase (GUS) gene marker,
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macromolecular (whole protein) pattern, DNA-probes and antibiotic resistant
mutants, for identification of soil micro-organisms both in the rhizosphere
and in nodules of leguminous crops.

As back-up research for the S1DA funded project on increasing and
stabilizing plant productivity in low phosphate and semi-arid and sub-humid
soils of the tropics and sub-tropics, a series of field and greenhouse
experiments with cereals and legumes were carried out to identify genotypes
with high P and water use efficiency. Studies of genotypic differences in
water use efficiency compared conventional methods versus the carbon
isotopic 13c/12c ratio methodology proposed by Farquhar. 32p_jsotope

techniques were used to identify genotypic differences in P uptake from
s.>il and fertilizer. Other studies involved genotypic differences in P
uptake from rock phosphates.

NUCLEAR TECHNIQUES HAVE IMPROVED AGRICULTURAL PRACTICES IB ECUADOR

The Division of Agricultural Science of the Atomic Energy Commission
of Ecuador (CEEA) reported that growers, and thereby the country, have
benefitted significantly using nuclear techniques in agricultural
research. The results and experience gained from the two technical
co-operation projects, ECU/5/009 and ECU/5/012, which were implemented
under our section's technical responsibility, found immediate practical
implications. For example significant yield increase was achieved in oil
palm plantations which extend over 60,000 hectares by simply better
placement of fertilizers. Traditionally, fertilizers were applied 0.5 to 1
m distance from the tree trunk, but the ^2p injection technique indicated
that fertilizers placed at 2 to 3 m distance from the trunk can be better
utilized and give a minimum of 20 % yield increase. The effort to extend
the information to all growers continues. Similarly, many growers have now
cut nitrogen fertilizer applications to soybean, preferring the use of
inoculum which easily enhances biological nitrogen fixation by as high as
80 % (equivalent of 100 to 120 kg H "1 ha). Inoculum application does
not benefit fababean yields and therefore farmers still use substantial
amount of fertilizer with this crop. Work is continuing to select more
effective strains of Rhizobium to enhance biological nitrogen fixation of
fababean. The farmers have completely changed their traditional fertilizer
practices on potato and maize through efforts of the CEEA staff. Yields of
these crops have increased as a result of split fertilizer application
instead of one fertilizer application at planting.

SOME PAPERS WE HAVE NOTICED

1. Pandita, V.K., Jindal, K.K. 1989. Effect of ethephon on 14C-IAA
transport capacity in relation to leaf and fruit abscission of
apple. J. Nuclear Agric. Biol., 18-198-200

Ethephon-induced leaf and fruit abscission was closely correlated with
inhibition of l^C-IAA transport. Leaf abscission occurred within 1 day
of ethephon treatment, reaching a maximum (65 7.) after 10 days of its
application. Ethephon treatment reduced the 14C-IAA transport capacity
in leaf midrib sections from 20% to 64% during the corresponding period.
Similar results were obtained with respect to auxin transport in fruit
pedicel sections. These results suggest that reduction of IAA transport
through midrib and pedicel tissues appear to activate leaf and fruit
abscission zones, respectively in Starking Delicious apples.

15



2. Smith, C.J., Freney, J.R., Chapman, S.L., Galbally, I. E. 1989. Fate
of urea nitrogen applied to irrigated wheat at heading. Aust. J.
Agric. Res. 40: 951-963.

This i5K balance study showed that no N was lost from the plant-soil
system between the time of the urea application (127 days after sowing; DAS
127) and the first flood irrigation 5 days later (DAS 132). However,
between the first (DAS 132) and second flood irrigations (DAS 141) after
fertilization, 12% of the applied 15N was lost, presumably by
denitrification. Recoveries of labelled N in the soil plus plants were not
significantly different between DAS 141 and harvest (DAS 193); the mean
recovery being 84% of the applied N. Neither biomass nor grain yield was
significantly increased by the application of urea, but the N concentration
of the grain was increased from 2.03 to 2.46%.

Applying fertilizer N at heading increased grain protein percentage of
this semi-dwarf cultivar, thus allowing the option of using management to
improve the marketability of the grain.

3. Svejcar, T.J., Boutton, T.W., Trent, D. 1990. Assessment of carbon
allocation with stable carbon isotope labelling. Agron. J:82:18-21.

Labelling plants with isotopic forms of C allows many processes
important to agriculture and/or natural resource management to be studied.
Host C-labelling experiments have employed radioactive 14C, but in recent
years regulatory constraints associated with use of radioactive materials
appear to have curtailed studies which may have benefited from l4C
labelling. In this paper, the authors describe a procedure for using the
stable isotope i3C for C labelling. By using gas-isotope-ratio mass
spectrometry, isotopic differences as small as 0.4 ug of 13C could be
detected in the 23-day old cheatgrass (bromus tectorum L.). The procedure
is flexible and can be applied to most plant species and a wide range of
research objectives. Because 13C is a naturally occurring stable
isotope, there are no regulatory problems, environmental hazards, or
health risks associated with its use.

4. Baath, E. Johansson. T. 1990. Measurement of bacterial growth rates
on the rhizosphere using ^H-thymidine incorporation into DMA. Plant
and Soil 126:133-139.

Bacterial growth rates on the rhizosplane of rape seedlings grown in
sand were determined using 3H-thymidine incorporation into DNA. Axenic
roots incorporate-! thymidine into DNA, which had to be substracted from
values for roots with associated bacteria. Thymidine incorporation into
rhizosplane bacterial DNA ranged between 0.6 and 1.4 pmol thymidine h"1

for 6 to 26-day-old plants. Using a conversion factor, the turnover time
of bacteria was calculated to decrease from 9.2h for 6-day-old plants to
160 h for 26-day-old plants. A similar value was found for rhizosphere
bacteria of plants grown for 26 days in natural soil.

5. Nowak, G., Mowak, J. 1990. Turnover of 14C-labelled oat residues
and small molecular organic compounds in two soils under different
levels of mineral nutrition. Plant and Soil 122:67-77.

Mineralization and redistribution of carbon from l^C-labelled oat
shoots and [^C(U)] labelled glucose, leucine, acetate and phenylacetate
were studied in light loamy sand and medium clay loam under different
levels of mineral nutrition. Losses of mineralized 14C as C02 were
greater in the sandy soil than in the clay soil. NPK and NPK + Ca
fertilization increased the rates of decay of the introduced plant organic
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matter. Among the small molecular organic compounds glucose was degraded
fastest and phenylacetate slowest. Incorporation of radioactive carbon
into humus fractions varied and depended on the nature of the compound
introduced and on the soil type. Carbon of glucose, phenylacetate and
acetate was mainly incorporated into fulvic acids, whereas 1Z*C of leucine
was almost evenly distributed between humic and fulvic acids and 14C of
oat residues in fulvic acids and humin fractions. There was significantly
higher incorporation of 14C into humic acids and lower incorporation into
humins in the sandy soil compared to the clay soil. HPK + Ca decreased the
conversion of 14C from phenylacetate and acetate to bitumens and
increased its content in humic acids, particularly in the clay soil. The
incorporation of 1Z*C from phenylacetate to hum ins benefitted from mineral
fertilization during the first 30 days of the experiment in both soils.

FROM OUR READERS

We invite scientists to send us copies of their papers or summaries of
their work where isotope and nuclear methods are used for information for
our readers.

1. Use of 85Bb as a tracer for K.
• M. Calvache V.

Atomic Energy Commission, Quito, Ecuador
J I. Pino and M. Buneder
I Atomic Energy Commission, Santiago, Chile.

With the aim to assess a methodology in the study of K using Rb as
stable isotope, a greenhouse experiment was conducted. 'Ballica' (Lollium

' perenne) as standard crop in 20 experimental units (5 treatments x 4
; replicates) was used. The treatments were different concentrations

enriched with Rb from OX to 38.2%.
Dry total matter , K with atomic absorption and Rb with neutron

activation analysis were measured in the vegetative plant samples from two
._ cuts. The results indicated that Rb can replace X in plant uptake and the

% K derived from fertilizer was independent of the concentration in atoms
.;' of Rb coming from the fertilizer. This methodology makes it possible to
: study different sources of K labelled with stable Rb in plant nutrition

work.

', 2. Determination of soil water storage changes in an aridosol of the
; central Bolivian highlands, using neutron moisture gauges.
; V. Orsag

Institute of Bolivian Science and Nuclear Technology, Viacha, Bolivia.

The results show that the soils defined as "typic paleargid" or
"aridosol" with loam-clay sandy texture have very variable soil water
storage within the surface of 76 cm. The observed variability is a result
of variable rainfall occurring in different seasons and of high evaporation
demand at 4000m or higher altitudes.

The greatest variation of soil humidity occurs in the Ap-horizon
(0-19cm) and the Bt-horizon (19-49cm), while the Ca- horizon is the most
stable. The maximal water retention occurs in the Bt-horizon because of

; its high clay content.
, The growing period of the Andean cultivated plants coincides with the

increasing soil water content from September to January and the harvest
period with the decrease of water storage from March to May.
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3. Growth of grasses in monoculture and in mixed culture and utilization
and recovery of fertilizer H applied at low level
Yao Yunyin, Chen Ming and Ha Changlin
Institute for Application of Atomic Energy, CAAS, Beijing, China

Pot experiments were conducted to study the effect of low level
fertilizer N on growth of alfalfa (Medicago sativa L.) in monoculture and
in mixed cultures with meadow fescue (Festuca elatior L.). The absorption,
utilization and the balance of fertilizer N were studied using N-15
technique cultures.

The hay yield per pot for all treatments in mixed culture was higher
than that in monoculture. Competition for nutrients and sunlight was more
obvious between two species than between the plants of the same species. A
reasonable rate of N fertilizer applied could promote growth, and increase
hay yield, N content and total yield of alfalfa, and reduce competition as
well. Ammonium sulphate could affect growth of meadow fescue, and increase
yield of total N and crude protein. H-urea was taken up and utilized by
grasses more easily than the oters. Percentage of N utilization decreased
inversely with increased application the rate of ammonium sulphate.

4. Variation of total nitrogen and S ^5N value in different soils
Yao Yunyin, Chen Ming, Ma Changlin, Liu Zeyin, Wang Zhidong, Hour
Jingqin and Luo Yongyun
Institute for Application of Atomic Energy, CASS, Beijing, China

103 samples of surface soils (0-15cm) from 21 provinces, autonomous
regions and municipalities, and 30 samples of 5 soil profiles of 2 soil
types at 2 sites were analyzed for total soil N content and 15H
natural abundance (6 15N value). All samples of surface soil could be
divided into 14 soil types. S * % values with respect to atmospheric
N, ranged between 0.125-2.297 %. The mean (0.73%) was greater than that ot
atmospheric N. An relative frequency histogram of total soil N content and
of S "fj values in surface soil samples did not show a normal
distribution. There was no correlation between total N content and 6
15N value. Total N content of samples decreased with depth. Variation
of total H-eontent of samples with depth was larger than that of different
sites at the same depth. S 15N values varied with depth, but the
variation was smaller than that of different location at the same horizon.
The mean of 5 15N values for most soil types was higher than + 0.50%)
and that of Yellow-Brown earth lowest (0.422%). The mean S 15N value
of total N of soil, which crops, pasture, trees and native herbs were
growing on, were 0.680, 0.784, 0.788, and 0.998%.

IAEA PUBLICATIONS

Transfer of nuclear technology 1989 (STI/PUB/836)
Publication date: August 1989, Price: AS 110.-

Nuclear techniques are included amongst the advanced technologies
which are supporting agriculture, industry, medicine and energy programmes
around the world. The transfer of nuclear technology, which is an integral
part of the IAEA programme of technical co-operation, is important to the
future of developing Member States.

After an Introduction to the IAEA's programme of technology transfer
there is an article on training people for development. Then follow three
specific examples, chosen to illustrate the transfer to technology in
relation to medicine, industry and agriculture.
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