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1 . TO OUK READERS

Sinr̂ p t.he last newsletter, Craig Atkins has returned to the Botany
Deptemartraent, University of W. Australia, Perth, Australia. The new Head of
the Soil Fertility, Irrigation and Crop Productivity Section is Glynn Bowen,
who arrived in January, 1986. Glynn comes to us from the Division of Soils,
C.S.I.K.O., Adelaide, Australia, where he was Chief Research Scientist, and
Head of the Soil Biology Section. He has worked on a wide range of closely
related topics - root biology and nutrient uptake, rhizosphere biology,
mycorrhizal stimulation of plant growth, nitrogen fixation by legumes and
non-leguminous trees (e.g, Casuarina) and tree nutrition. He has published
over 120 research papers and chapters for books and over the last 8 years has
had increasing interaction with scientists in developing countries,
especially in Asia and, to some extent, in Africa.

The second major news is that Gudni Hardarson of the Soils Unit of the
KAO/IAEA Agricultural Unit of the IAEA Laboraroty in Seibersdorf (30 km from
Vienna) has rejoined the group after a brief absence. This will give an
assured, continued activity in nitrogen fixation by legumes, particularly the
microbiological aspects.

Unfortunately, Kir Kalinin, of the Headquarters group in Vienna, will be
returning to the Soviet Union in February, after five years with us. Kir has
added much to the group, not only because of his specialized knowledge of
Soil Fertility and Agronomy, but also because of his ever cheerful, friendly
attitude. We wish him all the best and we hope he will keep up frequent
contact with us. We have just advertised Kir's position, for which we are
seeking a Soil Physicist/Agronomist, particularly to focus on crop aspects of
soil water relations. Since the departure of Klaus Reichardt (previously
Head of the Agriculture Unit, Seibersdorf) some time ago, we have had
valuable part time soil physics input from Cervat Kirda, of the
Instrumentation Unit of the Seibersdorf Laboratory. Applications for the
position of Soil Physicist/Agronomist close on 30 January 1986, and copies of
the advertisement may be obtained from the Director, Division of Personnel,
IAEA, Wagramerstrasse 5, POB 100, A 1400 Vienna, Austria.

The many readers of this newsletter who know the staff personally, will
be pleased to learn that productivity has not been confined to soils -
Francisca and Seth Danso have recently had a son (George), Gudni and Helga
Hardarson and David and Ann Eskew each have new daughters, Lilja and Laura,
respectively.

This year, as always, has been one of intense activity, and therefore
the preparation of this newsletter has been delayed. The group has also
considered such matters as its future directions and how we can most
effectively initiate new directions, accommodate increasing requests for
technical co-operation, and fulfil our important function of training through
training courses and fellowships, in the face of no increases in staff and
decreasing actual resources (because of factors such as the declining value
of the US dollar).

In research and research training, we will continue our commitment to
research of high relevance to productivity in Member States, and in
particular to developing countries. This does not, however, mean that we
will ignore the important role of research collaboration and dialogue with
advanced countries, especially in developing new isotope approaches. While
we shall continue a commitment to agronomic approaches, there is an
increasing need to understand soil/plant relations at a more detailed level
and there will be an increase in this activity - to make a plant/soil system
work better, we must first understand better how the system works!



In keeping with our earlier policy, in this and subsequent newsletters
we will be including detailed information of our own and collaborators'
research. For those who would like us to highlight summaries of their
research findings, we ask that the following requirements be borne in mind.
The abstract should:

a) relate to work which has been published, is in press or has been
presented at a scientific meeting or is of a preliminary nature but
containing some new information,

b) not exceed 200 words,
c) be typewritten, double-spaced, and
d) be in English.

For technical reasons we cannot include diagrams or photographs and the
Section reserves the right to accept or reject submissions on the basis of
their scientific merit. If the response to this initiative is overwhelming
the Section will decide which of those submitted will be placed in the next
issue, the remainder being held over for a subsequent time. Our purpose in
making this change is quite simple: we wish to stimulate the exchange of
ideas among our readership, especially between those working with adequate
resources in more developed countries and those in less developed areas of
the world where both resources and outside contact is limited.

2. STAFF.

(a) IAEA Headquarters Joint FAO/IAEA Division, Vienna International
Centre, Wagramerstr. 5, POB 100, A-1400 Vienna, Austria.

Glynn D. Bowen, Head of Section. Root Biology, Plant Nutrition.

Kir V. Kalinin, 1st Officer. Plant Nutrition, Soil Fertility

Seth K.A. Danso, 1st Oficer. Soil Fertility, Microbiology

David L. Eskew, 2nd Officer. Plant Physiology, Soil Fertility.

(b) FAO/IAEA Agricultural Biotechnology Unit of the IAEA Seibersdorf
Laboratory, A-2444, Seibersdorf, Austria.

Felipe Zapata, Head of Unit. Soil Fertility, Plant Nutrition.

Gudni Hardarson, Research Officer. Soil Fertility, Microbiology.

Helga Axmann, Head Analyst

Aldo Sebastianelli, Analyst

Leopold Mayr, Analyst.

3. CO-ORDINATED RESEARCH PROGRAMMES.

Co-ordinated Research Programmes (CRP) are • major research involvement
of the section. Suggested programmes are evaluated by a group of invited
expert scientists. For programmes that are adopted, scientista from
developing countries are invited to submit research contract applications.



Each programme normally lasts for 5 years, during which three to four
Research Co-ordination Meetings are held, attended by all contract holders
(usually 8-12 per programme) and a number of agreement holders. Agreement
holders are scientists from more advanced countries/laboratories working on
topics relevant to the activity of the particular CRP. At these research
co-ordination meetings, results of previous experiments are discussed
extensively, and follow-up experiments to be conducted by the group and the
appropriate research strategy are arrived at. The Agency normally provides
up to approximately $5000 per annum for equipment and labelled fertilizer.
The current co-ordinated research programmes are:

A. The use of nuclear techniques in improving pasture management
(Project Officer - Seth Danso)

This programme focusses on increasing the yield and nutritive value
of pastures, by incorporating high ^-fixing legume species and varieties
within traditional grass pastures. This would limit the need to use costly N
fertilizers for high pasture productivity.

There are 13 contract and 8 agreement holders. The programme is full,
and is due to finish in approximately one year. A Research Co-ordination
Meeting was held in Vienna in March 1986 and is reported more fully later in
the newsletter. This CRP is funded by the Italian Government.

B. Isotope studies of nitrogen fixation and nitrogen cycling by
blue-green algae and Azolla.
(Project Officer, David Eskew).

The major objectives of this CRP involve the use of isotopic
techniques to assess N2 fixed by Azolla. and the quantitative evaluation of
the available N from Azolla biofertilizer to flooded rice under various
management contitions.

This programme has 12 contractors and 4 agreement holders and is now
full. It has about two years to go. The second Research Co-ordination
Meeting of this CRP was held at the International Rice Research Institute,
Los Banos, The Philippines, May 5-9. 1986. A report of this is given later
in this newsletter. This CRP is funded by the Swedish International
Development Authority (SIDA).

C. The use of nuclear and isotopic techniques to improve crop
production on salt affected soils.
(Project officer Kir Kalinin).

The major objective of this CRP is the amelioration of the physical,
chemical and biological properties of salt-affected soils and the effects on
plant growth. At present there are 9 contract and 4 agreement holders and,
depending on the availability of funds, we hope to admit a
few more participants. The programme is in its second year and we invite
submissions particularly on plant and plant/microbial associations with a
view to selections which are resistant or tolerant to salinity. Appropriate
areas could be: 1. Examination of grain legume/symbiotic systems for genetic
variation between species or within species, for tolerance of nitrogen
fixation to soil salinity. 2. The effects of salinity/sodicity on fertilizer
uptake efficiency and root growth, and genetic variation in these (legumes
and/or cereals). 3. An examination of the effect of time of exposure to high
chloride, or removal of chloride by irrigation, on plant yield (and nitrogen
fixation in the case of legumes). 4. The impact of salinity/sodicity on N
fixation by tree legumes and N2 fixing non-legumes such as Casuarina. and
variation in this. This is an emerging, very important topic in many parts
of the world. S. The development of simple, isotope-based tests to screen



for genetic variability in the various components of salinity tolerance/
susceptibility in a cereal/legume of importance.

A Research Co-ordination Meeting of this programme was held in Vienna
from 8-12 December, 1986.

D. Improvement of yield and nitrosen fixation of common bean (Phaseolus
vulaaris) in Latin America.
(Project Officer: Gudni Hardarson)

This programme examines genetic variation in symbiotic nitrogen fixation
by common bean and, through this, aims to save N-fertilizer and increase food
production. There is mounting evidence, both from the CRP on Pasture
Management (see above) from studies at Seibersdorf (on soybean) and in
studies from other laboratories, of considerable intra-specific genetic
variation in nitrogon fixation (studies by Gudni Hardarson have also shown
marked Rhizobium strain-genotype interaction).

This programme has 7 contract holders and 2 agreement holders. Funds
permitting, we would be prepared to consider submissions from a few more
interested laboratories. The programme has now been in operation for a
little over one year. A Research Co-ordination Meeting was held at the
Centro de Energia Nuclear na Agriculture, Piracicaba, Brazil, December 16 to
20, 1985. More details are given later in this newsletter.

E. Improvemennt of yield and N? fixation of grain legumes with the aim of
increasing food production and savins N-fertilizer in the Tropics and
Sub-tropics of Asia. A joint programme of the Soils Section and the
Plant breeding Section.
(Project Officers: Seth Danso, Soils Section, Nobio Murata, Plant
Breeding.)

This CRP has similar objectives as those for the Phaseolus CRP in Latin
America (see above). However, cowpeas, groundnuts, soybean, chickpea and
mungbean are being examined rather than only 1 grain legume. The first
Research Co-ordination Meeting was held from 17-21 November 1986, in Chiang
Mai, Thailand.

We prefer complementary pairs of applications, one from each team on
Rhizobium and N2 fixation research, and the other from a Plant Breeding
Group. The CRP is a sub-project of a UNDP-funded project.

An Advisory Group Meeting, on "The use of nuclear and related techniques
in studying the roles of trees in restoring and maintaining soil fertility"
was held in Vienna from November 24 to 28, 1986.

The meeting examined the roles of trees in restoring soil fertility
(soil nitrogen and organic matter), in contributing to a stable agricultural
system on fragile soils and in soil conservation (especially in semi-arid and
arid ecosystems). The participants considered what research had accomplished
to date, and made recommendations on further research that needs to be
conducted.

The meeting dealt with such topics as nodulation and nitrogen fixation
by leguminous and non-leguminous tree species, the measurement of nitrogen
fixation by trees, litter decompsition and changes in soil properties on
clearing and after planting with trees, nutrient uptake (including
mycorrhizal relations), root dynamics, and the relation of these to
agroforestry and to soil conservation and rehabilitation systems by trees.

Leaders in these fields and several agencies with interests in this area
were invited to participate. Details of the meeting will be given in our
next newsletter.



A. THE MEW SOILS/PLAHT BREEDIHG LABORATORY.
SEIBERSDORF

On 1 October, Mr. Hans Blix, Director General of the International
Atomic Energy Agency, officially opened a new laboratory wing at the IAEA
Seibersdorf Laboratory. The laboratory with a total area of S10 m2, is
shared by the Soils and Plant Breeding Units and includes special
microbiology laboratories, isotope laboratories, plant growth chambers, and
offices. It is attached to two glasshouses, one of which is still under
construction. The latter is a gift from the Government of the USA. The
Polish Government generously donated the furniture for the new laboratory.

The new laboratory replaces temporary buildings - like most temporary
buildings, they gave good service for over 20 years.

The new wing has given us much needed modern facilities for research,
training of fellows and for visiting scientists and sabbatical visitors.

RESEARCH OF THE SOILS UNIT. SEIBERSDORF

Much of the research of the laboratory is involved with the CRP's which
are reported in more detail elsewhere in this newsletter. Below, we indicate
activities not reported in those.

Rock phosphates

Earlier experiments conducted to evaluate the availability to plants of
phosphorus in rock phosphates of different origin used P-32 labelled
superphosphate as a standard. A new method that has been developed to
quantify available P involves using a P-32 labelled solution with very
high specific activity. In studies with Zambian rock phosphates the results
are being compared to those obtained through the application of P-32 labelled
superphosphate.

Tree crop fertilization

As reported before, a plantation of 200 apple trees was established
during 1983-84. Experiments have been carried out using N-15 labelled
fertilizer to determine the total N uptake and its distribution within each
organ of the tree, and also, to develop a sampling methodology for assessing
fertilizer N uptake in trees. Studies have included the uptake of fertilizer
N as affected by the time of fertilizer application. With labelled urea a
single N rate applied once (either during fall or spring) was compared to a
3-split application (tt fall, early and late spring).

Soil physics studies

The following investigations were made jointly with Dr. Cevat Kirda of
the Instrumentaton Unit of the Laboratory.

Influence of spatial variability on soil water relations, fertilizer
uptake and nitrogen fixation of broadbean (Vicia faba) using two
reference crops.
Calibration of nuclear and classical methods for measuring soil
moisture and bulk density.



J• TECHNICAL CO-OPERATION PROGRAMMES

Technical Co operation projects generally address problems significant
to improving agricultural productivity and practices in developing
countries. The projects may range from developing stable agricultural/
agroforestry systems on fragile soils to designing the most effective use of
fertilizers. Indeed, our present activities cover such topics as
establishment of isotope laboratory facilities, water management and
irrigation, studies of erosion, BNF, fertilizer uptake efficiency,
exploitation of saline soils, raicronutrient requirements of crop plants,
foliar fertilization usage and basic studies in plant physiology and soil
microbiology.

In 1986 the Soils Section had the technical responsibility for some 60
projects in developing countries of the world. These are spread throughout
Latin America, Asia and the Pacific, Africa, the Middle East and Europe;
this number will increase in 1987. Most projects run for between 1 and 3
years, but sometimes longer. One innovation to make the programmes more
effectively is, where appropriate, to group projects with a similar central
theme from different countries in order to institute some rapport between
these e.g. by having them serviced by the same expert and by attempting to
have regional workshop/training courses. For example, in 1987 there will be
a regional programme on legume nitrogen fixation in Africa which we hope will
benefit the relevant national projects in eight countries. Similarly, the
soil fertility problems of the Andean Highlands of four countries (Peru,
Ecuador, Bolivia, Colomiba) have much in common and are being handled by one
expert, Dr. H. Broeshart.

Technical co-operation projects can provide equipment (usually mainly
for isotope work), expert assistance, and training for counterparts tenable
in advanced laboratories. Application for a TC project is made via the
relevant national authority, who assigns a priority to it. A technical
evaluation is then made by the Agency, and consideration for funding is made
in the last quarter of each year. Applications should be received in Vienna
in the first quarter of the year, certainly before the end of May, each
year. We can supply further information and application forms on requests.

As technical officers in charge of these projects, the staff of the
Soils Section are continuously seeking suitable experts for short assignments
(usually a few weeks to some months). If you feel your qualifications and
experience, particularly in the use of nuclear or isotope techniques, could
be of value to our projects, please get in touch with the Head, Soil
Fertility, Irrigation and Crop Production Section as soon as possible,
enclosing a C.V..

The staff of the Soils Section themselves are often involved in
pre-programme planning missions; these have to be requested via the relevant
national body also.

6. TRAINING COURSES AND FELLOWSHIPS.

Trainins Courses 1986

From May 20 to June 20 a training course was held at Seibersdorf on "The
Use of Isotope Techniques in Studies on Soil-Plant Relations". There were 20
trainees from 18 countries. We had received 99 applications.



From October 6 to November 7 we gave a training course for 19 trainees
from 19 countries on the use of isotope and radiation techniques to enhance
biological nitrogen fixation.

Future Training; Courses

Training courses are an important part of our activities - an investment
in building up the scientific expertise in member countries. In future we
will be able to provide only 1 course a year at Seibersdorf. On alternate
years we shall give a general basic course on the use of isotope techniques
in soil research and plant nutrition and in the intervening years we shall
offer advanced courses on special topics. However, training courses
sponsored by the Agency may be held in other places e.g. in Hay 1987, there
will be a training course on "The Use of N-15 in Soil Science, Plant
Nutrition and Agricultural Biotechnology" at Leipzig, Zentralinstitut fiir
Isotopen- und Strahlenforschung in Leipzig, Democratic Republic of Germany.
Depending on demand, it may be possible to develop occasional training
courses at centres in particular regions e.g. in Latin America, Asia, Africa.

For participation in the training courses, nominations from the Member
States of FAO or IAEA should be submitted in duplicate on a standard IAEA
nomination form for training courses. If follow-up training under the
followship programme (see below) is requested, fellowship applications forms
should be submitted. Completed forms should be endorsed by, and returned
through, official channels (the Ministry of Foreign Affairs, the National
Atomic Energy Authority, the Office of the United Nations Development
Programme (UNDP), or the Ministry of Agriculture, as appropriate).
Nominations sent directly by individuals or by institutes cannot be
considered.

Successful applicants have their fares and living expenses paid by the
Agency.

Fellowships

Fellowship training is provided to selected applicants to be taken up at
either the Seibersdorf Laboratory or at other appropriate research institutes
or university groups in the world. They range in duration from 1-2 months to
12 months. In 1986 eight fellowships were provided in various areas of Soil
Science at Seibersdorf, with a total duration of 31 months, with the
reduction in training course activities we hope to increase this in the
future.

There are two types of fellowships: those in which fellows come for
periods of some 2-3 months to learn a specific technique (e.g., N-15
analysis), and fellowships of 6 - 12 months in which the trainee works on a
research question within the laboratory's programme and receives guidance,
employing appropriate isotope and other techniques relevant to the problem.
Where a successful applicant wishes to work in an area which is not part of
the ongoing Seibersdorf research, he/she is recommended for another
laboratory.

Ongoing and projected research covers a range of topics, but generally
Tails in two main areas (i) Nitrogen fixing systems and (ii) Root biology and
the efficient use of soil resources by root systems. This includes such
topics as, nutrient uptake, efficiency of fertilizer and soil water use,
mycorrhizal studies, tolerance to deleterious conditions, etc..

In both of these themes we predict an increasing emphasis on management
of systems by genetic selection.



The Agency also supports 3-5 weeks scientific visits for experienced
scientists from developing Member States, to approximately three leading
laboratories. The aim is to acquaint the recipient with recent progress on a
particular topic.

7. REPORTS OF MEETINGS

Research Co-ordination Meeting on the Management of Legumes in Pastures
10-14, March, 1986, IAEA Vienna.

The following abstracts indicate progress reported by a number of
participants at the meeting.

Influence of the temporal patterns of nitrogen uptake on estimates of N
from transfer and symbiosis in mixtures of white and red clover with
ryegrasses.
B. Boiler, Institut fur Pflanzenbau, Eidgenossische Technische
Hochschule, Zurich, Switzerland

Because of the fall in 15N/14N ratio with time, estimates of the
transfer of symbiotically fixed N to an associated non-fixing crop, based on
•^N isotope dilution may be biased by differences between the temporal
patterns of N-uptake of the test and reference crops. The extent of the
error depends on the magnitude of these differences, as well as on the
variation with time of soil 15N enrichment. The N-uptake patterns of
perennial ryegrass (Lolium perenne L.) and Italian ryegrass (Lolium
multiflorum Lam.) grown either alone or in a mixture with white clover
(Trifolium repens L.) or red clover (Trifolium pretense L.), respectively,
were determined for each growth cycle of the seeding year by taking four
periodic harvests at equal intervals within a growth cycle.

The study showed that the two grasses had similar temporal patterns of
N-uptake whether grown alone or in a mixture with clover. On average, only
17-18% of final N yield of the grass in the mixture was taken up during a
different period from that in the grass grown alone. Since soil 15N
enrichment [calculated as the 15N enrichment of the N-yield increment of
the reference grass] varied considerably among the periods within a growth
cycle, this difference was likely to produce a 10% error in the atom % 15N
excess values measured at the end of the growth cycle. Estimates of N from
transfer based on " N isotope dilution are therefore likely to be seriously
biased by differences in temporal patterns of N-uptake when the percentage of
N from transfer is low. Although N-uptake patterns of clovers differed
significantly more from those of their companion grasses than did the grasses
in mixture from the grasses alone, this was of much less consequence for the
estimates of % N derived from symbiosis because of its higher level as
compared to % N from transfer.

Symbiotic nitrogen fixation in annual lupin in Iceland
S.F. Palmason. Agricultural Research Institute, Reykjavik.

The symbiotic nitrogen fixation of Var. Uniharvest, an annual blue
fodder lupin was estimated over a three year period in Iceland (1983-1985).

The objectives of these experiments were (1) to estimate the magnitude
of symbiotic nitrogen fixation in a legume under the given varying climatic
conditions in Iceland during the research period (1983-1986) and, (2) to
compare the nitrogen fixation in pure stands and in mixtures with



:,un Ii-gumt-a. The experiments were designed as randomi £od blocks in th« field

'.:i a sandy organic soil.

Nitrogen fixed was largely influenced by the water status of the soil.
For example, in the second experiments year, when rainfall was adequate,
symbiotic N^ fixation was as high as 214 kg/'ha N in pure lupine stand,
although the monthly mean temperature was only 8.9°C in the growth season.

Nitrogen fixed Kg N/ha
Lupine mixed with

Pure lupin ryegrass*

1983 2 (31) ** 2 (37)
1984 214 (94) 111 (97)

1985 19 (90) 10 (91)

* Seeding rate in mixtures was 50% of seeding rates in pure stands.
** Figures in brackets represent %U fixed.

The results show that lupin has high capability for N2 fixation in

Iceland, and that mixed lupin stands fixed a higher proportion of their N from

fixation than pure lupin stands.

Growth and symbiotic nitrogen fixation of eight pre established tropical
forage legumes at Two Levels of PK - Supply
G^ Cadish and R. Bradley, CIAT, Cali, Colombia

Eight inoculated tropical forage legumes, Centrosema sp., C. macrocarpum,
?.°rD.ij* SP- * ^ • phaseoloides , S. macrocephala , Ŝ . ftu i anens i s and S_. capi tata,
were established in rows in the mature savanna in an Oxisol on the Eastern
Plains of Colombia. Two treatments, a basic fertilization with or without 80
kg P/ha plus 70 kg K/ha a year after establishment were studied. Nitrogen
fixation was estimated by the acetylene reduction and the " N isotope
dilution technique, using a mixture of Trachypogon v- and Axonopus p. a: the
non-fixing control plants.

Growth response to the treatments differed markedly between and within
species and seemed to be caused mainly by the degree of improved K nutrition.
During the rainy season, growth rates decreased but nitrogpnase activities
were more negatively affected than growth. The PK-supply to pre-established
legumes increased the percentage of N derived from fixation as indir,. 3d by
differences in ^ N uptake, nitrogenase activity per gram of herbage produced
or nitrogen concentration in the plant top. The PK application increased the
amount of nitrogen fixed by 5 kg in D. ovalifolium, to 30 kg in P.
phaseoloides at the first harvest where plant density was low (5 6
plants/nr) .

Methods of " N application, plant density and P fertilization on yield
and BNF.
A.B.P. Jayawardana, Veterinary Research Institute, Gannoruwa,
Peradeniya, Sri Lanka

Studies were conducted to determine the effects of methods of N-15
application, different plant densities and P rates on the dry matter yields,
and N;p fixed in mixed pastures in coconut palms. Four harvests were made in
the year at 2 month intervals. In the mixed plots the grass had higher yields
than the normal published range of 6-8 tons D.M. All the yields of N in the
mixed plots fall within the range 260-280 kg/ha. However, the pure legume
plots yielded much more. ^H results of 2 harvests showed that in the mixed
plots the a.e. % of the legume was 0.05 and the grass had 0.47%. The pure
legume plots however, had much higher values.
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Est.iinat.iuii of biological nitrogen fixation (BIJF) in pastures In Kenya
H.SsaJi, DepL. of Soil Science, University of Nairobi, Nairobi, Kenya

Experiments were established in 1984 and 1985 to estimate BNF in pastures
at the University Field Station at Kabete. For the 1984 experiments, Bonia
Rhodes (Ch_lor_i_s £ia_y_a_n£O , alfalfa (MedicaRO sa_t_ivji) , and Desmodium unc inatum
were used. There were pure legume plots and mixtures of the grass with each
of the two legumes. The effects of phosphate fertilization (P) on the
establishment, yield, and N2 fixed by the legumes is also being
investigated. Preliminary results indicate that P application improves the
establishment of the grass and legume and that mixing grasses with legumes
increases dry matter and nitrogen (hence protein) yields of the pastures.

In 1985, the experiment has been expanded by adding two more grasses
[i.e. Nasiwa setaria (Setaria a_nc_e£s.) and colored guinea (Panicum coloratum) 1
and six more legumes !i.e. De_smod_iuffl intortum, red clover (T. repens) , white
clover (T. s^mi j3J[l o sjjrn) , glycine (Neonotonia wighti i) , Stylosanthes
gjj ijjnjsnsl_s , and siratro (macroptil ium atropurpureum).

Method of 1 5N application.
A_;_R.Zaharah, University of Agriculture, Soil Science Department,
Serdang, Selangor, Malaysia

Experiments were conducted to evaluate how methods of 1->N fertilizer
application influence measurements of nitrogen fixed by pasture legume using
the 1 5N isotope dilution technique. Three main plots of 8m x 8m were
established. Plot 1 was established without organic matter incorporation and
15N-labelled (NH,j>2s04 fertilizer solution (10 % a.e.) was applied at
0.5g N/m^, was ^H labelled organic matter in a second plot; plot 3
received unlabelled organic matter and -'N applied in solution after each
cut. The treatments in each plot were: pure grass (Setaria kazungula), pure
Centrosema pubescens, pure Pueraria javanicum, pure Leucaena leucocephala var.
Cunningham. Plots of the grass and legume mixtures were also established.
These treatment plots were lm x lm and distributed randomly in each of the
main plots. The results of the three cuts carried out in 1985 showed that
the % " N a.e. values of the grass grown on the labelled organic matter plot
were higher than those from inorganic " N fertilizer-applied plots. In the
first harvest, the calculated % N derived from fixation (% Ndfa) from the
•'••'N labelled organic matter plot was much higher than the other plots. The
difference in % Ndfa values were smaller with subsequent harvests. The
results also showed that these tropical pasture legumes derive high levels of
their N from fixation (>80% of the total N present in the tops).

Method of 1 5N application

A.T. Ayoub, Gezira Research Station, Wad Medani, Sudan

Two experiments were conducted to (a) assess the ability of different
forage legumes to fix atmospheric N^ under monoculture or mixed cropping
with a non-legume, (b) to study the effect of method of ^ 5N application on
the assessed value of N2 fixed. Forage crops Dolichos lablab, Phaseolus
trilobus, Clitoria terrata, Ca.janus ca.jan and Sorghum vulsare were used. The
experiments were conducted on a heavy alkaline clay soil low in nitrogen and
organic matter.

In the mixed cropping, Dolichos and sorghum competed well for light and
nutrient, and produced good combination of total dry matter and nitrogen
yields. Phaseolus, Clitoria and Ca.janus were poor competitors with sorghum
and their growth was reduced to less than 42% of their respective monoculture
yields. The mean % Ndfa of the four legumes in monoculture was about 60% with
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Ca.janus being the poorest fixer. The mean % Ndfa was slightly increased when
the legumes other than Clitoria were grown in association with sorghum.

The methodology study showed no appreciable difference in estimating BNF
with the l̂ N applied once or split. The second cut in both methods of *'N
application gave higher % Ndfa and less variability among replications than
the first.

Effect of ^ N application methods to estimate nitrogen fixation by
15N dilution technique
T. Huraoka. CENA, Piracicaba, Brazil

The objective was to compare 1:>N application methods used to estimate
Nj fixation. An experiment was carried out using Panicum maximum grass and
Glycine wishti i• The methods compared were: (a) split application of " N
(at seeding and after each harvest in different subplots) (b) split
application of ^ N (at seeding and after each harvest in the same subplot);
and (c) one application at seeding using higher enrichment. As optional
treatments, two other grasses (Brachiaria decumbens and Me 1inis minuliflora),
and one additional legume crop (ColopoRonium mucunoides) were used, but only
with method "a".

The results showed that the grasses used were not suitable as standard
crops, probably due to their rooting pattern, which was different from that of
legume tested.

As the l^N dilution method is still the only method which permits the
exact quantification of N2 fixation, especially under field conditions (when
the method is used in an ideal conditions), and considering that in Brazil
information on nitrogen fixation in forage legumes is lacking (in spite of its
importance) it is planned to use the natural ^5N abundance technique, this
year to asses N2 fixed, since in this case, the 15N/14N ratio is more
stable, and therefore not so seriously affected by differences in rooting
patterns of reference and fixing crops.

Measurement of biological nitrogen fixation in pastures
Using 15N, in the Highlands of Peru
A. Flores and J. Arias, Forage Research Programme, Oniversidad Nacional
Agraria, La Molina, Lima, Peru

The objective of the experiments was to compare measurements of fixation
with three different cutting regimes and to compare N fixation at 2 altitudes.

The combined analysis of variance for % a.e. of •'••'N application, for
the 2 different altitudes was significant for sites, and N fixation was higher
at the lower altitude.

The average nitrogen fixed by white clover in a 50/50 white
clover/perennial ryegrass pasture was 11.92 kg per cut in SAIS Ramon Castilla
(3700 meters above sea level, m.a.s.l.). With 9 cuts per year that were made,
the estimated amount nitrogen fixed per year is around 107 kg/ha/year. In
SAIS Pachacutec (4100 m.a.s.l.), the average amount of nitrogen fixed by
white clover in assocciation with Dactylis glomerata was 8.11 kg per cut. The
number of cuts or grazing in a pasture in that location was 7, so that the
estimated N fixed per year, is around 57 kg/ha/year.
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Effect of mycorrhizal inoculation on ^-fixation by Hedysarum
coronarium.
J.M. Barea. R. Azcon and C. Azcon-Aftuilar, Estacion Experimental del
Zaidin, Granada, Spain

The absence of indigenous Rhizobium for the forage legume Hedvsarum
coronarium at the test site allowed the application of 15N methodology using
the same legume as reference. The two main treatments were: (i) Rhizobium
sp. + 8 kg N/ha as (NH4)2SOA of 10%

 15M a.e. per cut, and (ii) 40 kg
N/ha as (NH^JjSOjj of 2% a.e., per cut. Both main N-treatments were
combined with three P-treatments: (1) 100 kg P/ha; (2) mycorrhizal
inoculation, and (3) a control (natural mycorrhizal inoculum).

At the first harvest "mycorrhizal inoculation" behaved similarly to the
"phosphate treatment" at improving plant growth, the uptake of N from soil and
N2-fixation. But hereafter, mycorrhiza not only enhanced ^-fixation but
also improved uptake of N from soil and D.M. yield (as compared with the P
treatment). This suggested that under field conditions, mycorrhizas acted
both by a P-mediated effect (improving ^-fixation) and by enhancing N
uptake from soil solution.

Improvement of N-uptake by ryegrass by mycorrhizal clover in a
time-course field experiment using " N methodology
J.M. Barea, R. Azcon and C. Azcon-Asuilar. Estacion Experimental del
Zaidin, Granada, Spain

Inoculated Trifolium and Lolium were grown either alone or in a mixture
on 1 x 4 m plots throughout a growing season. They received a one time
application of 5 kg N/ha as (NH^^SO^ with 10.09% 15N at. excess.
Plants received also a mycorrhizal inoculum + 25 kg P/ha. Four sequential
harvests were made. At all cuts, the dry matter and total N yields of the
grass in mixture were more than half of those in the grass-only plots, the
latter having twice the number of plants than the former. A lower % "ft at.
exc. in the grass in the mixture compared to that of a sole crop was evident
only at the second harvest. The calculated % Ndfa by the legume ranged
between 70-80% (except in one case) and in a mixture. These data and those
corresponding to the total N indicated that after a good establishment BNF by
clover can be assessed similarly by the *^N methodology whether the
reference crop (ryegrass) grows alone or mixed. The mycorrhizal clover
increased mycorrhiza infection in ryegrass in the mixture.

Research Co-ordination Meeting on improvement of yield and W2 fixation
of common bean in Latin America. 16-20 December. CENA, Piracicaba, Brazil

The programme included the following presentations:

J. Kipe-Nolt. Colombia. Breeding and selection to improve N2 fixation
in indeterminate bush beans (Phaseolus vulgaris): Methods used and an
evaluation using N-15 isotope dilution.

J. Pena-Cabriales. Mexico. Nitrogen fixation by Phaseolus vulgaris in
Mexico: Present situation and future prospects.

F. Bliss. U.S.A. Breeding strategies for increasing N2 fixation in
beans: Results and projections.

D.K. Barnes, U.S.A. A multiple trait breeding programme for improving
the legume-Rhizobium symbiosis for Ng fixation.

R. Henson. Brazil. Nj fixation in Phaseolus vulgaris: Genotype and
strain selection and cropping system effects.
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R.M. Boddey, Brazil. Quantification of ^-fixation in Phaseolus beans
using isotope labelling: The problem of control plant.

M.C.P. Neves, Brazil. Physiological constraints related to the
improvement of bean seed yield based on BNF.

S.M.T. Saito and R. Bonetti, Brazil. Biological nitroger fixation in
beans (Phaseolus vulgaris L.)

A. Tulman Meto and J.O.H. Menten, Brazil. Possibilities of using induced
mutation for improvement of Phaseol -s vulfiaris L.

P.C.O. Trivelin and R.L. Victoria, Brazil. Field estimates of biological
nitrogen fixation in beans by using N-15 methods.

T. Muraoka, Brazil. N fertilizer as supplementary N-source in
^-fixing bean plants.

A. Manrique-Chavez, Peru. Cultivation of common beans (Phaseolus
vulgaris L.) and the use of Rhizobium in Peru.

L. Lonaeri, Chile. Research on grain legume nitrogen fixation at the
University of Concepcion, Chile.

K. Reichardt, G. Hardarson, F. Zapata and C. Kirda, IAEA. Aspects of
N-15 methodology for N2 fixation as related to plant breeding programmes.

D.K. Barnes, U.S.A. Breeding for enhanced N content in alfalfa roots.

The meeting considered possibilities in the use of nuclear techniques to
enhance symbiotic nitrogen fixation by common bean (Phaseolus vulgaris) in
Latin America. It was clear from the presentations of the consultants that
common beans in Latin America are very low yielding and this is often due to N
deficiency. The small farmers can't afford to buy N fertilizers and the
symbiotic nitrogen fixation of the PhaseoXus-Rhizobium symbiosis is not
effective enough to satisfy the N requirement of the beans. The consultants
also indicated the lack of improvement of Nj fixation by inoculation with
selected strains of Rhizobium phaseoli. It was stressed that the major
limitation to the formation of an effective symbiosis is the low potential of
the host plant and the best possibilities to improve N2 fixation by common
beans would be accomplished by breeding the legume for N2 fixation and
associative (supportive) traits.

A strategy to enhance symbiotic Nj fixation by common beans was
developed during the meeting. An approach to evaluate genotypes of beans by
the N-15 methodology was developed by the participants after a workshop, which
was conducted on the use of 1;>N to quantify biological nitrogen fixation.

Appropriate field experiments have now been set up by most of the
participants in the programme. It is expected that the results of these
experiments will be analyzed early next year when a Research Co ordination
Meeting is proposed to be held.

Research Co-ordination Meeting on Isotopic studies of nitrogen fixation
and nitrogen cycling by blue-green algae and Azolla. 5-9 May 1986,
International Rice Research Institute, The Philippines.

Positive rice yield responses of 28-110% to the addition of 60 kg N/ha
were observed at all 6 locations used to compare Azolla and urea. (Table 1).
At 3 of the A locations for which statistical analyses had been performed, the
yield response to Azolla green manures was not statistically different from
that for urea. These results are from 16-20 m2 plots which were conducted
without i-'N labelling to accurately establish the yield response. These
results are similar to those reported previously in the INSFER trials
conducted by IRRI.
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Table 1. Grain yield response of rice to Azolla green manure application in
comparison to an equivalent amount of N as urea, at 6 locations.

Treatment
Azolla* Urea

Location
Azolla Urea

Urea

Best split Control

China (Fujian)
Thailand
Philippines
Bangladesh
Sri Lanka
IRRI

4.9*
4.2a

4.2ab

6.4
2.8
5.0b

u, u

4.5*
4.1*
4.0ab

5.6
2.6
5.6a

a •

4.8*
4.2*
3.9b

5.6
2.8
-

3.1b

2.0b

2.8C

4.1
1.8
3.9C

Means in a row followed by the same letter are not significantly different at
the 5% level. Statistics have not been completed for all locations yet.

* Azolla green manure was applied at transplanting and maximum tillering
to provide approximately 30 kg N/ha at each time. Urea was applied in a
similar manner or by the locally recommended best split method to provide a
total of 60 kg N/ha.

Table 2. Recovery of ^ N \a +_f,e grain and straw of rice from Azolla green
manure application at transplanting or tillering in comparison to
urea applied similarly and to the urea best split method.

Location

China (Fujian)
Thailand
Philippines
Bangladesh
Sri Lanka
IRRI
Mean

ATR+

51
40d

54b

34
16
38
39+14

Recovery of

ATI UTR UTI UBS

49
52bc
61b

27
44
79
52+17

31
48C

44C

27
13
26
32+13

46
79a

85*
24
19
47
50+27

51
62
53
32
33
-

46

1 Means in the same row followed by the same letter are not significantly
different at the 5% level.

ATR indicates plots receiving l5N labelled Azolla at transplanting,
(approximately 30 kg N/ha). These plots also received unlabelled Azolla at
maximum tillering. ATI indicates plots receiving *5N labelled Azolla at
maximum tillering and unlabelled Azolla at transplanting. UTR and UTI are
analogous to the above Azolla treatment but using urea. UBS indicates plots
receiving 60 kg N/ha split over the growing season according to local
fertilizer recommendations. All applications were 15N labelled.

15



Recovery of 15N in the aboveground portions of the rice plants was, in
most cases, higher from applications at the rice tillering stage (50-52%
recovery) than from applications made at transplanting, both for urea and
Azolla green manure (30-39% recovery). No consistent difference was observed
for recovery of 15N from applications of urea or Azolla green manure. Thus,
the preliminary conclusion is that N provided as an Azolla green manure may be
used to replace an equivalent amount of N as urea for rice production. This
conclusion, however, must be considered as preliminary because the method used
to label Azolla with 15N resulted in the labelled Azolla having a higher %N
than unlabelled Azolla, and this may have resulted in an overestimate of N
availability in the 15N experiments. A new method for labelling Azolla with
15N has been developed in the IAEA/FA0 Seibersdorf laboratory which gives
*5(i labelled Azolla with a % N which is comparable to the level commonly
observed in field-grown material. This method will be adopted in future
experiments.

Following the presentation of results the group was divided into three
smaller working groups to develop outlines of plans for future experiments.
Group A developed a plan based on the observation that a positive correlation
has been found between P concentration in Azolla and the % N. This experiment
will attempt to produce 15N labelled Azolla with varying % N by using
different P applications during the labelling procedure. The N availability
to rice will then be evaluated. Group B developed a plan to study the
decomposition of Azolla and N mineralization. This plan focuses on the effect
of the N content of Azolla, chemical composition (silica content, lignin,
tc.), and temperature on the mineralization of N over time. Group C developed
a plan for determining a * % balance for N added as Azolla or urea. The
experiments conducted so far in the programme have concentrated on the uptake
of N by the first rice crop and the fate of N not taken up has been ignored.
A 15N balance would make it possible to assess the losses of N and to
evaluate the contribution of Azolla to building up the soil N pool and thus
the long term fertility of the soil.

Earlier in the programme several attempts were made to quantify the
fraction of the N in Azolla which was derived from fixation of atmospheric
N2 by using the isotope dilution technique. The interpretation of these
experiments, however, was difficult because of the rapid loss of added 15N
into the floodwater. To overcome this problem a simple, battery-powered
apparatus has been developed by the FAO/IAEA Unit at Seibersdorf, to allow
direct 15N2 exposures of Azolla in the field. Several contractors will be
provided with the apparatus in 1987.
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8. PUBLICATIONS

(a) Technical Documents.

1. The role of isotopes in studies on nitrogen fixation and nitrogen cycling
by Blue-green Algae and the Azolla-Anabaena association. IAEA-TECDOC-325, 1985.

The results of a Consultants Meeting held in Vienna, Austria, October
11-15, 1982. The document contains reports on the current status of research
on nitrogen inputs to lowland rice by Blue-green Algae and their associations
and the recommendations developed during the meeting for isotope-aided
research.

2. Nuclear techniques to study the role of Mycorrhiza in increasing food
crop production. IAEA-TECDOC-338, 1985.

Proceedings of a Consultants Meeting held in Vienna, Austria, 16-20
November 1981. The document reviews the state-of-the-art regarding
vesicular-arbuscular-mycorrhizal (VAM) symbioses with various food crops and
recommends inputs that might lead to a better exploitation of VAM for
increased food production.

3. Isotope and radiation techniques for efficient water and fertilizer use
in semi-arid regions. IAEA-TECDOC-372, 1986. The publication is a summary of
results obtained by the participants of the previous FAO/IAEA Coordinated
Research Programme on isotope and radiation techniques for efficient water and
fertilizer use in semi-arid regions, during the period 1978-1984.

4. Nuclear techniques in the development of fertilizer practices for
multiple cropping systems. IAEA TECDOC-392. The publication contains the
results by the former contractors of the FAO/IAEA Co-ordinated Research
Programme on Nuclear Techniques in Development of Fertilizer and Water
Management Practices for Multiple Cropping Systems. (1979-1985).

(b) Papers

5. Nitrogen fixation and translocation in field grown fababeans (Vicia.
faba. L. var. minor). F. Zapata, S.K.A. Danso, G. Hardarson, M. Fried
(Agronomy Journal, in press).

The A-valuc approach, involving the application of 20 and 100 kg N/ha of
N-15 labelled ammonium sulphate to fababeans and spring wheat (Triticum
vulgare) as a reference crop, respectively, was used to assess the relative
contributions of N from fixation, soil and fertilizer to growth of faba beans
at 7 growth stages.

At physiological maturity (126 days after planting), fababeans had
accumulated 209 kg N/ha, 79% of which was derived from fixation, with about 20
% coming from soil and 1% from the labelled fertilizer. These results confirm
that fababeans have the ability for high N fixation. Growth and N fixation
were low during early growth (0-59 days), but increased rapidly after this
period. Maximum N fixation rate was achieved between early and
mid-pod-filling stage, during which more than 4 kg N/ha/day was fixed. N
fixation dropped to almost zero after the mid pod-filling stage. After the
mid pod-filling stage, the N demand for the developing seeds and pods was
higher than could be satisfied through soil N uptake (neglible), and N
fixation and thus, N translocated from the shoot was virtually the only source
for pod and seed development at these final stages. With such a high level of
N fixation in fababeans, it was estimated that after grain removal, fababean
growth led to a net positive residual N in soil.
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6. An evaluation of streptomycin-resistant Cowpea and Bradyrhizobium
japonicum strains for suitability in ecological studies. J.D. Owiredu, S.K.A.
Danso (Nigerian Journal of Science, in press).

Cowpea Bradyrhizobium and Rhizobium .japonicurn mutants resistant to
streptomycin were developed. Mutant strains retained the cell morphology,
size, motility and staining properties typical of the respective parent
strains. Rates of growth of mutant strains in yeast extract mannit.ol (YEM)
were also not changed from those of their streptomycin-sensitive wild types,
which indicates that mutant cells were not streptomycin-dependent for growth.
The mutation was found to be stable. No change in antigenic properties was
observed. Although the streptomycin-resistant mutants produced less gum
during growth than the normal strains, this did not alter their infective
ability or effectiveness in nitrogen fixation on homologous host plants. It
is proposed that use of streptomycin-resistant strains offers a rapid, simple
and inexpensive tool for ecological studies of rhizobia in soil, particularly,
as an alternative to serological identification of the root nodule bacteria in
competition studies.

7. Nitrogen fixation in soybean as influenced by cultivar and Rhizobium
strain. S.K.A. Danso, C. Hera and C. Douka (Plant and Soil, in press).

The N-15 substratum labelling technique and other indirect methods were
used to compare nitrogen (N2) fixation in soybean varieties grown in the
field in Greece and Romania.

Significant variation in the amount (Ndfa) and proportion of N derived
from fixation (7. Ndfa) was found in different varieties. With 20 kg N/ha
applied to soil, nitrogen fixed ranged from 22 to 236 kg N/ha in Greece and
from 17 to 132 kg N/ha in Romania. In general, varieties or treatments with
higher dry matter yield support greater fixation. Also, varieties with high
Ndfa had high % Ndfa and vice versa. Breeding legumes for high yields
therefore appears to be a good strategy for enhancing N2 fixation.

Heavy applications of inorganic N fertilizer severely depressed nitrogen
fixation in two out of the three varieties used in Romania. One variety, F
74-412, however, derived slightly higher amounts of N2 from fixation at 100
kg N/ha rate than when fertilized with 20 kg N/ha. In Greece, Chippewa,
Williams and Am3oy-71 inoculated with a Nitragin inoculant fixed similar
amounts of N2 at both 20 and 100 kg N/ha fertilizer rates. However, when
Chippewa and Williams were inoculated with another, locally-isolated Rhizobium
strain, nitrogen fixation was substantially depressed at the higher N rate.

8. Site variability effects on field measurement of symbiotic nitrogen
fixation using the 1^N isotope dilution method. K. Reichardt, G.
Hardarson. F. Zapata, C. Kirda and S.K.A. Danso (Soil Biology and
Biochemistry, in press).

The sensitivity of the isotope dilution method involving the application
of N-15 enriched fertilizers to estimate symbiotic nitrogen fixation in
legumes under field conditions is analysed with respect to the variability of
atom % N-1S excess in the fixing and non-fixing (reference) crops. The
results showed that the sensitivity of the methodology depends on the level
of fixation. Field data collected along a 96 m transect with 63 plots split
into two strips, one sown with rye grass and the other half with alfalfa,
were used to test theoretical considerations of the sensitivity of the
methodology. Both the theoretical model and experimental data confirmed that
the sensitivity of the N-15 isotope dilution method for estimating N2 fixed
can be greatly improved by selecting fairly homogeneous sites, although use
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of a heterogenous site is quite practicable if the non-fixing reference crop
is sited reasonably close to the rest of the plots. Errors associated with
mismatch between reference and fixing crops or heterogeneity of site become
smaller as the level of fixation increases. The data also revealed that
relative comparisons of N2 fixing abilities of legume treatments based on
their N-15 enrichments may not be valid for soils with highly variable N
contents. Under such circumstances, the use of a reference crop sited close
to each legume treatment is necessary.

9. Assessment of dinitrogen fixation potentials of forage legumes with N-15
techniques. S.K.A. Danso, G. Hardarson and F. Zapata. (ILCA Workshop on
Potential of Farming System Forage Legumes in Sub-Saharan Africa,
Addis-Ababa, Ethiopia, 1985 - in press).

The paper discusses the advantages of the ^ M isotope dilution
approach for estimating biological N fixation. The technique has also been
used to establish that most forage legumes derive high amounts of their
nitrogen from atmospheric N fixation and in general, this is in excess of
70-801 of their total N requirements.

With a high proportion of the N in forage legumes generally coming from
fixation, the effect of a poor choice of a non-fixing reference crop (to
monitor l^N/* N changes in soil) on the estimate of N fixed is low. The
evaluation of the qualitative effect of treatments on nitrogen fixation
requires no reference crop, if the treatments being compared received the
same amount and enrichment of N-1S labelled fertilizer. They can be ranked
simply by comparing the N-15 enrichments with the legumes.

Each of the criteria to be observed in selecting an adequate reference
crop is discussed in more detail.

10. Effects of delayed soil and foliar N fertilization on yield and N2
fixation of soybean. R. Afza. G. Hardarson, F. Zapata and S.K.A. Danso
(Plant and Soil, in press).

Field experiments were conducted to determine the effects of the amount,
time and method of fertilizer N application on the efficiency of N uptake,
N2 fixation and yield of soybean.

Soil and foliar fertilizer N, applied during the pod-filling stage were
absorbed by plants with equal and high efficiency, compared to an appreciably
lower utilization efficiency for N applied before seedling emergence.
Soybean was indicated to be active in N uptake during the late stages of
growth. Nitrogen fertilization during pod-filling resulted in significant
yield increases over the control treatment which received only an early
application of 20 Kg N/ha. Seed yield increases were, however, more
pronounced than total dry matter yield increases, and virtually all of the
late-applied N was translocated into the pods. Nitrogen fixation in soybean
was not influenced by the application of 40 kg N/ha to plants as soil or
foliar N during the pod-filling stage. However, 80 leg N/ha supplied during
pod-filling as 40 kg soil plus 40 kg foliar N/ha significantly reduced the
amount of N2 fixed.

The results obtained in these studies suggest that inadequate N supply
during pod-filling limited soybean yields, and that by the judicious
application of fertilizer N during the late stages of growth, it is possible
to enhance soybean yields without necessarily inhibiting N2 fixation.
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11. Review Estimation of N^ fixation by isotope dilution: An appraisal of
techniques involving N-15 enrichment and their application - Comments S.K.A.
Danso. Soil Biology. Biochemistry (18) 242-244, 1986.

A reply to an article that appeared in Soil Biology Biochemistry in
which the use of the N-15 isotope techniques for N2 fixation was reviewed.
The reply points out the many advantages, e.g. the ability of these N-15
techniques to provide integrated estimates of N2 fixed, and to distinguish
between N2 fixed from soil or fertilizer-derived N. This reply also points
out some misconceptions, and also how some of the problems associated with
the methodologies can be avoided, and when they should be overlooked.

12. Time course of nitrogen fixation in field-grown soybean using N 15
methodoloy. F. Zapata, S.K.A. Danso, G. Hardarson, H. Fried (Agronomy
Journal, in press).

The A-value approach was used to assess N fixed at various growth stages
in field-grown soybean (Glvcine max (L.) Merrill) c. Chippewa in a Typic
Eutrocrepts soil. At physiological maturity (R7), the amount of N derived
from fixation (Ndfa) was 102 kg/ha, equivalent to 477. of total N assimilated,
while the contributions from soil (Ndfs) and N-15 labelled fertilizer (Ndff)
accounted for 50 and 37., respectively.

Rates of N fixation were low during vegetative growth. Up to growth
stage V6, which occupied half of the total duration of growth, Ndfa was less
than 57. of N fixed by physiological maturity. A rapid increase in Ndfa
occurred from Rl onwards, and during the reproductive stages (R1-R4), which
spanned less than one-third of the total duration of growth, this
respresented about 45% of total Ndfa. An almost equal portion of N
(approximately 43%) was fixed from pod-filling (R5) to physiological maturity
(R7), a period slightly more than one-fifth of the total duration of growth.
Therefore, substantial N fixation occurred during periods of active sink
development and contributed more than 65% of the plant's N accrued.

Nitrogen assimilated between R3 and R7 (when N fixation was high) seemed
to be the predominant source of N for pod development. Thus there was a
greater contribution from fixed N (55%) than soil N (43%) in pods and seeds
at the end of R7. After grain removal, it was estimated tnat the growth of
cv. Chippewa in this soil led to a net soil depletion of 54 kg N/ha.

13. Nitrogen fixation in Casuarinaceae. G.D. Bowen and Paul Reddell.
Proceedings of the 18th IOFRO World Congress. Ljubljana, Yugoslavia. Vol 1
pp 38-49, 1986.

Some 29 species of Casuartnanceae are now known to nodulate. Although
species of C«suarina were usually well nodulated in the field, nodulation of
Allocasuarina was variable and often absent. Frankia sources from Casuarina
usually nodulated other Casuarina species; similarly cross-inoculation was
frequent within Allocasuarina but there was little cross-inoculation between
genera. Large differences in effectiveness of Frantcia-Casuarina
combinations occurred - some Frankia highly effective on C^ equisetifolia
were ineffective on C^ cunninnhamiana and vice versa. Inoculation of each
species of casuarina with selected Frankia strains is necessary for effective
nitrogen fixation.

Soil temperature affected growth of C^ cunninghamiana differently when
dependent on the symbiosis than when given fertilizer nitrogen. Nitrogen
fixation did not occur below 20°C. Soil phosphate status was important in
determining distribution of Allocasuarina and Casuarina and in nodulation and
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nitrogen fixation. Interactions with raycorrhizal fungi in uptake of
phosphate (and other nutrients necessary for plant growth T nitrogen
fixation processess) are discussed.

Frankia sources differed in their tolerance of high soil salinity.
Selection of Frankia for highly saline soils is likely to be important to
casuarina growth in such soils.

Future directions for nitrogen fixation research and management are
discussed.

14. Surface neutron gauge as compared with core soil sampling and paraffin
methods in soil water studies. C. Kirda, F. Zapata, K.C. Eom, Proc. 13th

Cons. Internat. Soil Science Soc., Hamburg, Federal Republic of Germany pp
101-102, 1986.

Nuclear methods have numerous advantages over non-nuclear, traditional
methods like gravimetric sampling, resistance blocks, tensiometers and the
like, in soil water studies provided they are calibrated properly. In
calibration work, however, core soil sampling is the most general method
against which the nuclear methods are calibrated. In this work field
calibration of a surface neutron gauge based on (1) core sampling, and (2)
paraffin methods were compared.

Errors of water content measurements with the neutron method calibrated
against either core soil sampling or paraffin method are examined and
discussed. Field variance structure of water content measurements made with
nuclear, core soil sampling and paraffin methods are compared.

15. Evaluation of the availability of Azolla-N and urea-N to rice using
N-15. K.S. Kumarasinghe, F. Zapata, G. Kovacs, D.L. Eskew and S.K.A. Danso
Plant and Soil (90) 293-299, 1986.

The symbiotic association of the water fern Azolla with the blue-green
alga Anabaena azollae can fix 30-60 kg N ha"1 per rice cropping season.
The value of this fixed N for rice production, however, is only realized once
the N is released from the Azolla biotnass and taken up by the rice plants.
The availability of N applied as Azolla or as urea was measured in field
experiments by two N-15 methods. In the first, Azolla caroliniana (Wild.)
was labelled with N-1S in nutrient solution and incorporated into the soil at
a rate of 144 kg N/ha~*. The recovery of Azolla-N in the above ground
parts of rice (Oryza sativa (L) cv. Nucleoryza) was found to be 32% vs. 26%
for urea applied at a rate of 100 kg N/ha; there was no significant
difference in recovery. In the second 100 kg N/ha of N-15 urea was applied
separately or in combination with either 250 or 330 kg N ha"1 of unlabelled
Azolla. At the higher rate, the recovery of Azolla-N was significantly
greater than that of urea. There was a significant interaction when both N
sources were applied together, resulting in a greater recovery of N from each
source in comparison to that source applied separately. Increasing the
combined urea and Azolla application rate from 350 kg N ha"1 to 430 kg N
ha"1 increased the N yield but had no effect on the dry matter yield of
rice plants. The additional N taken up at the higher level of N application,
accumulated to a greater extent in the straw than in the panicles. Since no
assumptions need to be made about the contribution of soil N in the method
using N-15-labelled Azolla. this method is preferable to the N-1S dilution
technique for assessing the availability of Azolla-N to rice. Pot trials
using Azolla stored at - 20°C or following oven-drying showed that both
treatments increased the recovery of K by one third in comparison to fresh
Azolla.
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16. Agronomic evaluation of rock phosphate materials by means of
radioisotope techniques. F. Zapata, H. Axmann, H. Braun. Prop.- 13th

Confj. Int. Soil Science Soc. , Hamburg, Federal Republic of German, Vol 3, pp
1012-1013, 1986.

Greenhouse experiments were carried out to determine the suitability for
direct field application of phosphate rock materials. The main objectives
were to assess the plant-available amounts of phosphorus supplied by these
materials and to determine the relative agronomic effectiveness of these rock
phosphates in terms of equivalent units of ordinary superphosphate. Fourteen
rock phosphate materials of different origin were tested at two P levels,
i.e. 2000 mg P/kg soil and mg P/kg soil. Two soluble P-fertilizers were
also included. The fertilizer standard of comparison was E--32 labelled
ordinary superphosphate.

A local acid soil was used for the experiment and Italian rye-grass
(Lolium italicum) was the test crop. Non-isotopic and isotopic parameters
were evaluated when the crop was seven weeks old. Marked differences among
the rock phosphate materials were found and three main suitability classes
for direct application were established.

9. FROM OUR READERS.

A Study on mutual influence of N-Nutrient absorption and utilization by
crops in a cotton-wheat (broad bean) double cropping system using *5N

Guo Zhi-Feng, Institute of Atomic Energy for Agricultural Use, Hubei
Academy of Agricultural Science, People's Republic of China.

urea was applied to a cotton crop in the interrows of
wheat or broad bean by basal dressing and top dressing at the seedling stage.

Even when the wheat was in late growing stage, it could absorb 17.5 *
and 2.5% of the fertilizer N applied to cotton as basal or top dressings at
seedling stage respectively. Up to 99% of the fertilizer N from the basal
dressing absorbed by wheat was transported to the ears of wheat and increased
wheat yield by about 8% (when 75kg of N/ha had been applied to wheat).
However, it had no significant influence on cotton yield because the amount
of fertilizer N absorbed by wheat was only 4.1% of the total N applied to
whole growing period of the cotton. (Table 1)

In a cotton/broad bean interplanttng system, broad bean (because of its
N fixation) absorbed only 3.4 % of the fertilizer N applied to cotton (as a
ba?al dressing or top dressing at the seedling stage). This was one quarter
of that absorbed by wheat. Thus, there is little competition between broad
bean and cotton plants in absorbing N from fertilizer. The yield of cotton
increased by 9.17% in average when broad bean was planted as a pre-crop of
cotton instead of wheat. The investment in planting broad bean was lower but
the economic income was higher than planting wheat.

Results of experiments also showed that different kinds and amounts of
N-fertilizer (organic and inorganic) applied to the pre-crop would give
different residual effect to the succeeding crop in cotton/wheat (broad bean)
interplanting systems.

According to the above, because of the mutual influence of the crops in
absorption and utilization of fertilizer nutrient, consideration must be
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TABLE I. Influence on absorption and utilization of fertilizer N applied to

cotton as based or to-dressing in seedling stage and yield, of cotton
by wheat.

Treatment

N-fert.
applied to
wheat kgN/ha

N75

N7'.,

N75

N-ff»rt. applied
to cotton
kpK/ha

No

N.12.5
(Ba.Bu.Bl.)*

N112.5
(Se.Bu.Bl.)*

Tert. H absorbed
by wheat

mg/plo

74.81

13.65

% in
ears

99.08

54.62

Utili.
Ratio
of Fert.H
%

17.46

2.49

Yield
wheat

g/plot

518.70

560.52

506.98

of

%

100

108.6

97.74

Yield of
ginned
cotton

gr/plot

117.36

181.43

182.05

Note: D* T test significant
2)4 Ba = Base Se - Seedling

blooming and boiling
Bu = button Bl =

taken in fertilization not only of the needs of fertilizer of the present
crop, but also the mutual influence of pre- and succeeding crops in
interplanting double cropping systems.

10 . MEETING ANNOUNCEMENT

The Working Group on determination of age and growth rates of tropical
trees (which has a sub-group on isotopic indicators of age and growth) hopes
to have a meeting in Sao Paulo, Brazil, in April 1988. F'Tther details can
be obtained from Dr. Roland Vetter, INPA, C.P. 478, 6900-Manaus Am, Brazil.

We send all our readers, very best wishes for a happy, fruitful and
stimulating year in 1987.

Glynn Bowen
Seth Danso
Kir Kalinin
David Eskew

Felipe zapata
Gudni Hardarson
Helga Axmann
Aldo Sebastienelli
Leo Hayr

READERS who wish to contribute to the next Soils Newsletter should send
material to reach us by Hay 1, 1987.
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