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GENERAL BACKGROUND

The NifTAL Project was established in 13975 at the
University of Hawail under contract to USAID, additional
funding has been provided from NSF, NAS, Unesco, USDA, the
Science Advisor's Office-AID, the Donner Foundation, and the
Rockefeller Foundation as individual grants to NifTAL
researchers.

The focus of the NifTAL Project is a process (bio-
logical nitrogen fixation) rather than a commodity or a
discipline. In fact, NifTAL rallies the expertise of many
disciplines to address a preocess which benefits an array of
commodities.

Some constraints on fuller utilization of biological
nitrogen fixation are technical and are being addressed
through research. Economic and social factors also limit
research, development, and use of inoculants.

PROJECT GOAL

NifTAL's overall goal is aiding developing country
farmers to reduce their dependence on nitrogen fertilizers
needed to produce increased quantities of high protein food.
This is accomplished by rteserach and by assisting Rhizobium
and legume programs throughout the tropics to more
effectively exploit the Rhizobium-legume symbiosis.

Achievement of this goal required that NifTAL institute
the following activities:

1. Backup support to LOC BNF workers. NifTAL provides
suppaort by supplying research qguantities of inoculant; pure
cultures of Rhizobium; strain specific antisera to identify
strains of Rhizobium; consultation, by mail and in person,
on all aspects of legume inoculation; reprints of journal
articles not readily available to LDC BNF workers; and by
expediting communications and information flow among LDC BNF
workers; and by expediting communications and information
flow among LDC BNF workers, etc. Backup support generally
does not entail monetary support which is provided through
USAID country missions.

2. Coordinates worlduide legume inoculatiun trials in the
tropics. These trials provide information which, in
addition to being of value to the LDC scientists themselves,
is useful to donor agencies and host country policy makers
in assaying requests for funding legume inoculation
activities. They also insure that all LOC lequme inocula-
tion workers have quality inputs in terms of valid
experimental design, high quality inoculant, materials for
strain identification, and proper statistical analysis.



3. Conducts research directly relevant to BNF problems in
the tropics. Research, althougn primarily conducted at the
Hawail headquarters, is aimed directly at problems that
exist in the LOCs or which can be anticipated in the short
term future.

4, Provides training in all aspects of legume incculation
technology to BNF workers in the tropics. Such training is
provided by a combination of training courses held in
Hawaii, training courses held in host country institutions,
individualized training for advanced workers in Hawaii, and
graduate degree training.
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SUMMARY OF ACCOMPLISHMENTS

Tre year 1985 saw a continuation of the many efforts
undertaken by NifTAL,

Experiments were conducted in many areas. Research
topics included comparirig methods for measuring N-fixationg
assessing competition for soil nitrogen; studying the effect
of N-yield on percent 13w using a non-fixing reference plant
in the 19N dilution method; looking at the mechanisms con-
trolling competition for nodule sites and development;
observing the interaction between environment, physiological
and N-fixation and between soil fertility and inoculation
rate on soybean; studying noduation and fixation in N-fixing
trees; assessing the effect of inoculation rates on N-
fixation and competition for nodulation in chickpea;
comparing the impact of different soil factors, rhizobia,
and organic phosphate on rhizobia nutrition; characterizing
salinity on three major lequme spccies; and conducting an
on-farm study of BNF economy in legume/rice-based rotations
in Thailand.

The Rhizobium Germplasm Resource has been over 609%
lyophilized. This process ensures long-term storage and
facilitates transportation of the more than 1700 strain
collection. The number of 1985 requests for cultures
increased over 1984 by 142% and the number of distributed
cultures increased by 197%. Arrangements were made to
transfer the NifTAL culture collection in lyophilized
ampules to IARI, Department of Agriculture, to form the
basis of their culture collection. Transfer is also planned
for the computer data that support the collection. Requests
for antisera also increased with a total of 374 ml supplied
to researchers in 16 countries.

Scientists from developing countries have learred to
use NifTAL's medium scale, low-cost fermenter system for
mass culturing of Rhizobium. This system should prove to be
an efficient and appropriate way for developing country
inoculant producers to make quality legume inoculants.

The International Network o7 Legume Inoculation Trials
has 187 cooperators ‘n 46 countries. Ouring the year, 34
countries were serviced with inoculant, "A" experiments,
cultures, and/or seeds. A bulletin published this year
included information on preliminary results which indicate
that a response often can be nbtained from inoculation with
proper Rhizobium. A secondary achievement of the INLIT has
been identification of research workers in the tropics
interested in legume incculation, convincing them of the
advantages of conducting uniform field trials, and improving
the guality of research work and research worker's expertise
by providing support services.



The BNF Resource Center in Bangknok continued to offer
assistance to BNF workers throughout the South and Southeast
Asian area. In addition to offering a wide variety of
services, an extension training course was offered to 25
participants, in which extension and research workers
learnad the basics of legume inoculation.

Another Nif7AL-ofvered training course was also
directed toward extension workers. This course was offered
to 23 persons in Bangladesh. NifTAL also participated in a
4-week Rhizobium technology course offered to 17 Latin
American scientists at the Porto Alegre, Brazil, MIRCEN. A
seminar cosponsored by NifTAL was the N-fixation seminar for
Central American BNF workers held in Honduras. Other
training participants during the year included six graduate
assistants studying at the University of Hawaii and three
visiting scientists interning at the NifTAL site for from S
to & months each.

NifTAL met the challenge of hosting the 10th North
American Rhizobium Conference by incorporating other
meetings into the Conference. A BNF Limiting Factors
Workshop included 60 participants; BOSTID held its annual
workshop for recipients of NAS/CGR N-Fixation grantss; the
U.S./Japan Seminar on Factors Limiting Nitrogen Fixation by
Soybeans met; and several regional meetings were informally
convened among conference participants.

Highlights of this year's outreach activities included
cooperation with the Zamare Project in Zambia and the
Indo/US science and technology initiative. With Zamare, a
NifTAL technician was key in the production of 3,473 Kg of
quality soybean incculant--this was a 300% increase over
1984 production. This resulted in a significant increase in
crop production. The areas of emphasis in the Inca/US
cooperation included studiecs directed at improving pro-
duction and quality assurance of Rhizobium inoculants,
management practices that increase BNF, and serology and
genetics of Rhizobium for soybean and chickpeas.

NifTAL research autput was disseminmated through journal
publications and conference/workshop presentations. Nearly
1,300 requests for scientific reprints and NifTAL publica-
tions were filled and 1,700 readers in 100 countries
continued to receive the BNF BULLEIN newsletter. Major
publications included an antisera catalogue and a 330-page
laboratory manual.

[t was a challenging year for NifTAL's staff as they
continued to meet the objectives of the praject through
research, outreach, and training activities. )
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INTERNATIONAL NETWORK OF LEGUME INOCULATION TRIAL

Ubjective

The primary objective of the International Network of
Legume Inoculation Trials (INLIT) is to determire whether
under definitive conditions a yield increase can be obtained
through legume inoculation using the present State of the
Art.

Two additional crops--Phaseolus lunatus and
Psophocarpus tetragonolobus--were included in the INLIT
prdgram for testing.

Transferred Network Coordination for the Asian Region
to the BNF Resource Center in Bangkok. All reguests from
India, Pakistan, Burma, Nepal, Sri Lanka, Philippines,
Malaysia, and Indonesia were serviced by that Resource
Center.

Published a bulletin through the University of Hawaii,
College of tropical Agriculture and Human Resources, "Design
& Analysis of an International Experimental Network: Legume
Inoculation Trials in the NifTAL Project, the INLIT
Experience." This bulletin reviewed the history of the
trials, need for them, formulation of their actual compo-
nents, and their general objectives. Preliminary results
indicate that a response often can be obtained from inocula-
tion with proper Rhizobium. Responses have even been noted
with some tracditiomal crops where the presence in the soil
of Rhizobium of the correct cross-innculation group would be
expected.

Also achieved have been the secondary objectives of
identifying all research workers im the tropics interested
in legume inoculation, convincing them of the advantages of
conducting uniform field trials, and improving the quality
of research work and expertise of research workers by
providing support services.

Asian Network

Bangladesh: Made an assessment of the BNF situation in the
country and made recommendations to the Bangladesh
Agricultual Research Council (BARC) for a coordinated
country-wide program. Served as main lecturer and assisted
in conducting the second BARC-NifTAL Extension/research BNF
course which was held at the Graduate Training Center,
~Bangladesh Agricultural University, Mymensing.

Pakistan: Worked with Pakistan Agricultural Research
Council (PARC) BNF Coordinator to make an assessment of BNF
activities at the Provincial Research Institute, served as
advisor to the BNF Program at the National Agricultural



Research Center (NARC), and planned the fabrication and
installation of a pilot legume inoculation plant at NARC.

Thirty-four countries were serviced by the INLIT
programs sending out requests for inoculart, "A" experi-
ments, cultures, or seeds:

Argentina Haiti Peru
Australia India Philippines
Bangladesh Indonesia Rwanda
Bolivia Kenya Saudia Arahia
Brazil Madagascar Sudan

Burma Malaysia Togo
Colombia Mali Uruguay
Dominican Republic Mexico Venezuela
Ecuador Niger Sierre Leagne
El Salvador Nigeria Zaire

Ghana Pakistan lambia
Guatemala Panama

There are presently 197 cooperators in 46 countries
(Appendix I).

ZAMARE PROJECT
ZAMRRE Project - University of Illinois/NifTAL/USAID Zambia Mission

Nif TAL has provided a microbiologist and an inoculant
production specialist to the Mount Makulu Research Station
at Lusaka, Zambia, under a subcontract from the University
of Illinois. The Illinois ZAMARE Project (Zambian
Agricultural Research and Extension) is a multi-disiplinary
project, an aspect of which involves soybean improvement and
production programs. NifT’L has provided technical
assistance in research, praduction, and distribution of
Rhizobium inoculants to meet expanding production of soybean
and other legumes in Zambia.

Through NifTAL participation, production of inoculants
at the Mount Makulu facility was increased by 300% over the
1884 tastal. This .mounted to 2.473 Kg of soybean inoculant.,
Quality control proutocol instituted at the Facilité indi-
cates that the inoculants have in excess of 1 x 109 viable
rhizobia per gram. Zambian farmers have been extremely
successful in establishing in their soils the rhizobia
carried in these iioculant-. Current inoculation rates per
hectare are low due to insufficient imoculant supply,
however, farmer successes attest to the high guality of
inocuiant being produced. Information and instruction on
transport, storage, and application of the inoculants also
cortibuted to the high success rate in the field.



For the first time, all inoculants were produced using
peat mined and processed in Zambia. Tests performed earlier
in the subcantract had shown these peat deposits to be aof
excellent guality for imoculant production. The inoculants
were produced in sterile (autoclaved) peat using a broth
dilution technique since large scale fermentation capability
is no% currently available at Mount Makulu. Tests were also
initiated in 1985 to assess the suitability cf Zambian peat
for use as a non-sterile carrier material. In addition,
plans were made to obtain low cost, reliable fermentation
equipment that will provide the facility with an alternate
inoculant production technigue in the future.

Research effnrts continued in 1985 and confirmed
earlier preliminary experiments concerning the response to
inoculation of soybean in Zambia. Field trials at diverse
sites in soybean crowing regions of Zambia indicated that
soybean responds significantly to inoculation with
Rhizobium. Sites of various field tests included Nanga,
Golden Valley, Mufulira, and Msekera. The inoculation
trials always inrcluded cultivars from North American and
Zambian cultivars bred to nodulate with native rhizaobia.
This nodulation :haracteristic was incorporated into local
cultivars to elininate the need for inmoculation by small
farmers in Zambia. Many experiments also contained two
management varizbles designated Farmer Practices and High
Management Treatment (blanket applicatians of P, lime, K,
Mg, and Mo). Nitrogen controls were included to measure the
N input required to meet tre yield obtained with inocula-
tion. Results are summarized in Appendix II, Table 1.
Inoculation with effective strains of Rhizobium japonicum
always resulted in increased yields.

The response shown i1s relatively greater at sites uwhere
there had been no previous soybean cultivation such as the
plots used at Golden Valley. Responses to inoculation were
generally greater in magnitude where yield potential uwas
raised with fertilization. The Zambian cultivars generally
yielded more than North American cultivars when no inmoculum
was applied. However, Zambian cultivars consistently
responded to inoculation with Rhizobium japonicum. Yields
indicated that innculation can provide nitrogen to soybean
in Zambia equivalent to a fertilizer N application of 100-
200 Kg N/ha-!. ‘tlnoculation is strongly recommended for
all farmers. Those farmers who cannot obtain inoculum,
however, should plant Zambian cultivars.

A preliminary experiment was conducted to help explain
imoculation results in terms of Rhizobium population
dynamics in Zambian cropping systems. Soil samples were
collected fram three fields at Mkushi. The samples were
taken from: 1) non-cultivated; 2) previously planted with
uninoculated soybean in 1984; or 3) planted with inoculated
soybean in 1984, The number of rhizobia present was
determined by tlie most probable number (MPN) plant infectian
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technique using three hosts to sample the population of
rhizobia (Appendix II, Table 2). Counts with mungbean
determine the general native population of couwpea-type
rhizobia. Hernon soybean was bred to nodulate with native
rhizobia while soybean cultivar Kaleya is more resistant to
nodulation by native rhizobia and resembles North American
cultivars for this characteristic.

Results indicate that counts on Hernmon and mungbean in
non-cultivated soil were similar while there were very feuw
native rhizobia available for Kaleya. Planting soybean
without inoculation enriched the soil for rhizobia nod-
ulating Hernon and Kaleya but not mungbean. Previous
inoculation enhanced numbers for both soybean cultivars
above the native population.

These results may have implications for the need to
inoculate in fields under repeated soybean cultivation, but
this assumption requires additional research. It appears
that the native rhizobia nodulating Zambian cultivars are a
subset of the native cowpea rhizobia population and are
specifically increased throuch soybean culture.

INDO/US SCIENCE & TECHNdLOGY INITIATIVE

The areas of emphasis in this program include studies
directed at: 1) Improved production and gquality assurance of
Rhizobium inoculants; 2) Environmental conditions and
management practices that increase BNF in pigeon pea and
soybean systems; and 3) Serology and genetics of Rhizobium
for chickpeas and soybeans.

The potential for using beneficial "helper organisms"
combined with rhizobia in peat inoculants is being
investigated. "Helper organisms" are micro-organisms which
may improve the guality of inoculant by improving shelf life
under adverse storage conditions, stimulating rhizobial
growth within the peat, stimulating root development an the
host plant, or protecting nodules from insect damage.
Organisms under consideration include Lipomyces,
Penicillium, Azospirillium, Bacillus, and Pseudomonas
species, [nitial experiments have demonstrated compata-
bility of these organisms with Rhizobium cultures when
incubated in sterile peat.

Some strains of Rhizobium for chickpeas have proven to
be poor immunogens, in that conventional injection pro-
cedures “ave yielded poor quality rabbit antiserum for
serological work. In collaboration with scientists at
Indian Agricultural Research Institute (IARI) and ICRISAT,
Wwe have been successful in producing improved antisera, for
agglutination test and immunofluorescence, by using the
intra-footpat route of injection in raobits.
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GERMPLASM

Objective:

To mzintain a Rhizobium germplasm resource comprised of
authenticated, characterized rhizobial strains from a wide
array of plant hosts and diverse geographic origins, from
which to select strains which nodulate agriculturally
important legumes under conditions prevailing in the
tropics.

Approximately 61% of “he NifTAL culture collection has
been lyophilized by the end of 1985. We expect %o complete
lyophilization of the collection by the end of the NifTAL
contract. This process will ensure tha: our collection of
over 1700 strains will have proper long-term storage,

In 1385, NifTAL sent out 1,151 cultures in response to
104 requests coming from 34 countries. (See Appendix III.)
While the number of requasting countries remained the same
as 19B4, the number of requests increased by 142% and the
numper of cultures distributed also increased by 197%
compared to 1984 figures.

INOCULANT PRODUCTION

Objective:

To develaop systems for improved inoculant delivery and for
ensuring dependable, effective inoculation in the field.

Following the Incculant Production Training Course
which was held at NifTAL in December, 1984, the low coast
stainless-steel fermenters for mass culturing of Rhizobium
were further tested and improved. They /ielded very
promising results and it is strongly felt that this NifTAL-
designed system is appropriate for developing countries.
The fermenters are autaoclaves in themselves and can be
fueled by gas or charcoal for the sterilization of the
growth medium. Fermenters with capacities of 141 litres
have been successfully tested. Visting scientists from
developing countries have succeeded in using the systems to
grow rhizobia during their internships at NifTAL.

12



ANTISERA DEVELOPMENT

Objective:

To establish a serum bank housing antisera for identifying
the strains of Rhizobium recommended for the econamically
important legumes under test in the Internatisnal Network of
Legume Inoculation Trials (INLIT).

The NifTAL Rhizobium antiserum bank now holds antisera
for the identification of all INLIT strains. Details are
shown 1n list A of the NifTAL antisera catalog. A separate
group of miscellaneous antisera is shouwn in List B of the
catalog. These antisera are available to researcher until
the supply is depleted.

Plans are under way to produce antisera at NifTAL's
Rhizobium Resource Center in Bangkok, Thailand-Production
will start next year.

An antisera production facility for the purpose of teaching
and research is in the planning stage. Construction will
start at NifTAL's Haleakala site when funds become available.

A compact manual describing the production and use of
antisera is near completion. It's publication is subject to
the availability of funds.

Requests for antisera have increased in number over the past
year. A total of 374 ml were supplied to researchers in 16
countries (See Appendix IV).

INFORMATION

Objective:

To disseminate NifTAL reserach output and transfer technical
information for research, extension and production enter-
prises required to assess and use technologies based on BNF
for crop production in the tropics.

NifTAL's research output is disseminated through journal
publications and conference/workshop presentations. See
Appendix X {(Bibliography 1976-1985) and Research Abstracts
following the Research accomplishments,

During 1985 there were 150 requests for scientific reprints

authored by NifTAL staff and more than 1,100 requests were filled
for other NifTAL publications.
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Technical information on biological nitrogen fixation is
also available to researchers in developing ceountries through the
NifTAL document collection. The 8,300-document collection
contains both current and classic articles. In 1985, 500
documents were added to the collection. The periodic
bibliography distributed with the BNF BULLETIN continues
informing researchers of articles and documents available free of
charge to developing country BNF workers. NifTAL serviced more
than 250 requests for multiple documents from researchers in 40
countries.

NifTAL's BNF BULLETIN newsletter continues to be sent to
1,700 readers in 100 countries. Three issues were distributed
during the year. The newsletter sustains awareness oy an
international development audience of training courses, general
BNF information, and projects in orogress worldwide that impact
on the use of BNF in agriculture. The BULLETIN is also a vehicle
for exchange of ideas between researchers and decision makers.

Over 200 scientific and citizen visitors came to NifTAL
this year. A visitor list is included in Appendix IX.

Publications produced included the 390-page laboratory
manual "Methods in Lequme Rhizobium Technology" by Padmanabhan
Somasegaran and Heinz Hoben. The book was field tested and
perfected at NifTAL's many training courses. Also produced was
the 16-page booklet "NifTAL Antisera Resource Catalogue." Other
publications were the 10th North American Rhizobium Conference
Book, 4 anoumcements, and reprinting of the booklet "Resources
for Development." Several scientific poster presentations were
prepared for the 10th North American Rhizobium Conference.
Audio-Visual productions were a revision of the "What is NifTAL"
slide-tape and specialized slide sets for meeting presertations.

TRAINING

Objective: to disseminate NifTAL research output and trans-
fer professional skills and technical information for
research, extension, and production enterprises required to
assess and use technologies based on biological nitrogen
fixation for crop production in the tropics.

As in previous years, NifTAL continued offering
training opportunities for professionals in the form of
graduate assistantships in M.S. and Ph.D. programs, short-
term internships at NifTAL Headquarters on Maui, and
specialized training courses in Rhizobium technology.

14



Graduate Assistantships

Six graduate assistants have been studying at the
University of Hawaii under NifTAL guidance and under full or
partial NifTAL sponsorship during 1985,

Tafiqul Aziz (Bangladesh) and Thomas George (India) are
pursuing a Ph.D. degree at the Department of Agronomy and
Soil Science. Aziz is investigating the effect of soil
erosion and inoculation with WMA fungi and rhizobia on the
N-fixation of Leucaena and Sesbania spp. George is looking
at the effect of elevation aon the physiological development
and N-fixation of soybean,

Steven Dowdle (USA) completed his Ph.D. studies at the
Oepartment of Microbiology in June. The title of his dis-
sertation was "The ecology of Rhizobium japonicum in
soybean-rice cropping systems in Central China."

Naseer Mirza (Pakistan), Ronnie Nyemba (Zambia), and
Wilson Kagabo (Liberia) are studying for their master's
degrees at the Department of Agronomy and Soil Science.
Mirza's research will be conducted on Maui where he will
study the effect of s23il moisture and temperature on the
establishment of agricultural soils on Maui.

Nyemba is looking at the interaction between inocula-
tion rate, P-fertility, and N-fixation by soybean. His
program is financed by the Zamare Project (University of
Illinois).

Kajabo is investigating the nitrogen requirements of
field grown legumes as measured by the N13 isotope dilution
technique and nitrogen balance methods. His work is
supported by a USAID loan to Liberia (University of
Louisiana and University of Missouri).

Interns

During 1985, scientists from Indonesia, Turkey, and The
Philippines served extended internships. '

Muhrizal Sarwani (Selantan, Indonesia), an agronomist
specializing in field crops of tidal swamp areas, attended
the NifTAL inoculant production course in December 1984,
After the course, he stayed on at NifTAL Headguarters for a
five-month internship during which he worked on the
following greenhouse research projects.

In collaboration with Padmanabhan Somasegaran and Heinz
Hoben, he participated in an experiment to assess the host-
strain interaction between cultivars of Phaseolus vulgaris
and Rhizobium phaseoli. :

15



He further collaborated with Paul Singleton in two
experiments. First, they investigated the symbiotic action
of Rhizobium japonicum and Bradyrhizobium japonicum with
cultivars of soybean, and, second, they assessed the effects
of lime, zinc, and molybdenum on Ny-fixation by soybean.

Or, Velittin Gurgun, Associate Professor in the Depart-
ment of Agricultural Products, University of Ankara, Turkey,
also spent S months at NifTAL. Ouring his stay, he worked
with P. Somasegaran and H. Hoben on two experiments.

In one experiment, he studied host-Rhizobium inter-
action in the Kabuli and Desi cultivars of chickpea using
ten Rhizobium strains. The other was a pot experiment in
which the influence of five inoculation rates was investi-
gated using two chickpea cultivars and two soils. In this
experiment, three antigenically distinct strains of
Rhizobium represented in equal numbers weres used in a peat-
based inoculum and the strain competition was also studied.

Rolando 0. Torres, a researcher of the International
Rice Research Institute, Los Banos, Philippines, also com-
pleted a S-month internship at NifTAL. The main .bjective
of his visit was to lea-n techniques and methods in
Rhizobium technology which are applicable to his research on
N-fixation in multiple cropping systems.

Torres learned these techniques while participating in
two pot experiments with P. Somasegaran and H. Hoben. The
first was a study on competition and survival of Rhizobium
japonicum in soil inoculated with a 3-strain mixed 1noculum
applied by six inoculation methods. In the second experi-
ment, host-Rhizobium interactions an four Phaseolus lunatus
cultivars were studied using three different strains. In
order to study strain competition, these were applied as a
single-strain inoculum, a double-strain inoculum, and a
triple-strain inoculum.

CIAT/Porto Alegre MIRCEN/NifTAL Course

R four-week training course in Rhizobium techriology was
held from 16 November to 16 December at the Department of
Soil Science, Faculty of Rgronomy, UFRGS, Porto Alegre,
Brasil. The course entitled "Methods for Evaluating the
Contribution of Rhizobium Inoculants to Productivity of
Tropical Legumes" was sponsored by the United Nations
Development Program (UNDP). It uwas jointly organized by
CIAT, the Portu Alegre MIRCEN, and NifTAL. The participants
were 17 scientists from nine Latin American countries and
one African country. A detailed list of participants is
included in Appendix V and a schedule of lectures and a
course outline are shown in Appendix VI.
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SUMMARIES OF RESEARCH



1 Nodulation and nitrogen fixation in a Leucaeana leucocephala x L
diversifolia hybrid.

Whenever two different species of legumes belonging to
the same genus are crossed, it is important to examine the
nodulation and N-fixation of the hybrids. It has been shaun
that L. leucocephala and L. diversifolia can be successfully
hybridized and the resulting progenies perform well in acid
soil compared to L. leucocephala. However, since no data is
available on the nodulation and N-fixation traits of the
hybrids, a preliminary experiment was done in Leonard jars
to study the nodulation and N-fixation traits of this
Leucaena hybrid with a variety of Rhizobium strains.

Results indicated that the nodulation and N-fixation
traits of the hybrid were significantly different from L.
diversifolia but not generally different than L.
leucocephala (Appendix VII, Table 1). TAL 1145 (CIAT 1967)
was superior in 3ll the nodulation and N-fixing traits
(Appendix VII, Table 2). TAL 1145 was the most competitive
of the three strains occupying 86% of the nodules in the
mixed inoculation treatment.

Results indicate that the hybrid Leucaenma has greater
Np-fixation potential than L. diversifolia with standard
i leucocephaia inoculant strains. These results suggest
tiiat a strain selection program for hybrids will not have to
be undertaken.

Effect of Rhizobium inoculation rates on N-fixation and
competition for nodulation in cnickpea (Cicer arietinum L.)

In a fa-torial experiment, Kabuli and Desi types of chickpea
were sowr in two soils (Ultisol and Oxisol) and inoculated with
four rates of peat based inoculant (107, 102, 104, 106, ang 108
rhizobia per seed). The inoculant contained equal numbers
of three antigenically distinct strains of chickpea rhizobia
(TAL 480, 620, and 1148). Measureaments of shoot dry weight
and shoot nitrogen (Appendix VII, Table 3) showed signifi-
cant differences for inoculation rate {p = 0.001). The
interaction between inoculatio; rate and soil type were
significant (p = 0.01) for nitrogen accumulation. The
results also indicated that the inoculation rate and
chickpea type interacted sianificantly (p = 0.001) for
nitrogen accumulation in the shoot.

Strain identification in the nodules indicated that TAL
620 and TAL 1148 were close to being equal in their comoeti-
tiveness irrespective nf sgoil type or chickpea variety. TAL
480 was detected in very low frequency in the nodules in all
Ltreatments indicating “hat it was a poor competitor for
nodulation. This study indicated that at least 104
rhizobia prr seed were needed to achieve adequate nodulation
and N-fixation in soil free nf native chickpea rhizobia.
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Measuring Np-Fixation by Leucaena leucocephala under
field conditions; a comparison of methods.

Measuring No-fixation by lequmes under field conditions
is difficult and cumbersome. Until now the methods
available have not been tested simultaneously under field
conditions and it is not know which method is the most
reliable and practical. To test methods for measuring N>
-fixation by trees in the field, Leucaena leucocephala
was planted under the following conditions: 1) soil free of
Rhizobium that can nodulate L. leucocephala and no 19N applied:
2) soil free of Rhizobium and 19\ applieds 3) inoculated
with Rhizobium strain (TAL 1145) and '9N zpplied; and
4) inoculated with TAL 1145 and no '3N zpplied. These
treatments permit comparison of No-fixation measurements of
Leucaena by four methods: 1) the N-balance method; 2) the

SN-dilution method; 3' 'SN-natural abundance method:
and 4) ureide method. Results of this two-year experiment
should provide information on which method of estimating
Np-fixation by a tree is most practical and accurate.

Ureide, amno-acids, and nitrate in trees: an indication for
N>-fixation.

N-compounds transported from the roots to the shoots of
legqumes are found to be in the form of nitrate, amino-acids,
or ureides. It has been shown that ureides are predominately
produced by nodules of some legumes whereas amino-acics can
be produced by nodules as well as roots. Therefore,
determining the amount of uriedes present in the xylem or
leaf tissue compared to other N compounds may nforovide an
indication about the proportion of N derived from Np-
fixation at a point in time.

The measurement of Np-fixation by trees with conventional
methods is difficult. The use of ureide measurements may
prove useful uith trees since extracts can be made non-
destructively. The usefulness for estimating No-fixation
by measuring ureides in xylem or leaves is being tested inr
50 species of tropical leguminous trees. These trees are
being grown ir a greenhouse under two conditions: 1) N free,
inoculated with Rhizobium and 2) excessive mineral N
(NH M0z without inoculation. ALl nitrogen in the first
treatment is derived from No-fixation while the second
is completely ~2o=ndent ypnn the assimilation nf mineral N,

After 3 growth period of 5 monthe trees will be har-
vested and analvzed for nitate, ureides, and aming acids,
Results will indicate which of the tested species produce
sufficient ureides to make this procedure a reliable
indication for measuring their Ny-fixation activity.
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Competition for soil N between No-fixing and non-No-fixing
soybeans.

While nodulated legumes have two sources for N, soil N,
and atmospheric N3, non-Np-fixing plants can only
assimiate mineral soil N, Throuagh evolutionary processes
the Np-fixing plant may have lost some of its competitiveness
for soil N uptake as compared with a non-N>-fixing plant.
To test this possible phenomenon, root systems of soybeans
of two soybean plants were divided betuween three pots (see
Figqure ). Pots were filled with Rhizobium Japonicum-free
soil. Pot A was inoculated with R. Jjaponicum, pots B and C
received mineral N at such levels that equal growth the
No-fixing and non-Nz-Fixin? soybean was obtained.
Four weeks after planting SN-labeled ammonium sulfate
was applied weekly te pot b (pictured in the center of
Figure ). After four weeks of N application, plants were
harvested and analyzed for atom percent 15n, It appeared
that the Np-fixing and non-N>-fixing plants were equal
competitors for available soil N. Substituting effective
Rhizobium strains for less effective ones did not change
significantly the plant's capability to compete for available N.

Effect of N-yield on atom percent '5N of corn used as a non-
Np-fixing reference plant in the '9N isotope dilution method
for measuring Ny-fixation.

Measuring Np-fixation by the T5N-dilution method
requires the use aof a non-N>-fixing reference plant and
is based on the assumption that the atom percent 15N of the
reference crop is independent of total N accumulation., This
assumption was tested in two field experiments using corn as
the non-N>-fixing plant. In the first experiment, corn was
Qrown at 9 different plant densities--6 densities as a
monocrop and 3 densities intercropped with cowpea. Plants
were harvested 50 and 80 days after planting. Results
indicated that, far both harvest periods, significant
differences in total N-yield hetween plant densities were
observed but the atom percent 15y remained constant.

In a second experiment plant densities were constant
but plant yield varied with four P applications between 0O
and 600 Kg P/ha. Pt 60 and 90 days after planting, corm was
harvested. Significant increases in total N-yield and dry
matter were observed as a response to P applications. Four
both harvest periods, corn grown unrder high P levels had
significantly higher atom percent 'SN than corn grown
ynder low P levels. The concentration nf N in the chot
indicated that corn grown under low P conditions was
relatively less stressed for N compared to corn grown at
high P levels. [t is most likely that N-uptake curves for
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corn grown under low P and high P are different and that
this would result in different atom percent SN for corn
grown at the different P levels.

Corn plants grown at different densities under
identical soil conditions appear to be N-yield independent
for atam percent 15N. However, phosphorus stress which
affects yield and N accumulaticn does affect the atom
percent 13N of corn. Results indicate that although a
species may serve as a suitable reference plant for
measuring No-fixation by isotope dilution in some
conditions, the response of the reference plant to soil
stress (such as phosphorus) must be considered. The
suitability 5f a reference species for a given lequme then
becomes site specific.

Mechanisms controlling competition for nodule sites and
nodule development in the soybean symbiosis.

Much effort has been directed toward finding strains of
Rhizobium that are competitive with indigenous soil strains.
This approach assumes that increasing the frequency of
nodule formation by selected inoculum strains will enhance
N7 fixation in soils with native rhizobial populations.

Most effort to identify competitive straims has involved
inoculation with 3 marked strain and subsequent identi-
fication of nodules .formed by the inoculum. Little
attention hacs been paid to understanding the mechanisms that
confer competitiveness to a strair or to understanding how
the host ccntrols infection by rhizaobia and subsequeant
nodule developmert. Understanding these mechanisms will
provide a pasis for selecting host-strain combinations that
are most likely to establish effective nodules in a soil
with competing native strains.

We conducted a series of experiments to examire: 1) how
strains and cultivars of soybean d4iffer in the early stages
of nodule formation and the effect of inoculation on root
development; Z) whether strain virulence may be one
mechanism which confers competitiveness on a strain; 3) houw
plant ontogeny affects the location of nodules on the root
system of soybean; 4) whether reduction of N> controls the
partitioning of photosynthate to nodules of soybean.

Results indicate that strains of Rhizobium japonicum
and cultivars of soybean differ in the time required to form
nodule primordia. Strains with normal competitive ability
required ¢ days from ront emergence to exhibit nodule
primordia on the tap root. '‘ess competitive strains were
delayed and formed few tap root nodules. A cultivar
identiried elsewhere as a "supernodulator" had root growth
rates S0% greater thamn a normal cultivar at 5 days from
planting. This same cultivar exhibited tap root nodulation
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a greater distance down the tap root than the normal
cultivar and continued the development of new tap root
nodules for a longer period than a normal cultivar.

Early root development of all cultivars was inhibited by
inoculation; the effects being relatively more prounounced
and earlier in the "supernodulating" cultivar compared to
the normal cultivar. Strains which were slow to develop
nodule primordia also inhibited both tap and lateral root
development compared to uninoculated controls. Within tuwo
days of appearance of the first nodule primordia (& days
supernodulator, 5 days competitive strainms with normal
cultivar, 6 days non-competitive strains with normal
cultivar), the distance down the tap root where new nodule
primordia appeared ceased to increase for all treatments
except the "supernodulator." Results suggest that only
virulent strains are abie to nodulate tap roots and this may
be one mechanism which confers competitivenasss on a strain.

In another experiment, we developed a vertical split-
root system which enabled us to isolate sections of the
growing root for inoculation. UWe employed a time course
study (time points from planting to 9 days after planting)
by applying inoculum to either the top alome, bottom alone,
or top and bottom halves of the root systems. Total numbers
of tap root nodules remained constant when plants were
inoculated at germination (T-0), and 7, 22, and 47 hours
later. However, even delaying inaoculation by 7 hours caused
almost a three-fold increase in the number of nodules on
lateral roots. The proportion of nodules formed by the tap
root declined to less than half with a 7-hour delay in
inoculation. Total nodule number increased as inoculation
was delayed and this remained true whether the top, bottom,
or both root halves were inoculated. Total nodule number
was constant for each time point regardless of whether half
or the whole root system was inoculated.

Results suggest that tap root nodulation remains signi-
ficant for a3 short period only and this is probably due to
rompetition from an increasing number of available nodule
sites on expanding lateral roots. These results also
indicate that to a large degree, nodule occupancy by an
imoculum strain placed at or near the emerging radicle is
probably determined within one day of root emergence. If
all available early nodule sites are not occuplied by the
inoculum strain, there would be little hope of maintaining a
high proportion of nodules formed by introduced strains as
rapidly expanding lateral roots explore soil containing
native rhizobia.

After infection begins, the host must paftition photo-

synthate to nodules for th2ir development and functioning.
Saybeans growing in soils with populations of rhizobia are
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usually nodulated by strains with a range of effectiveness.
In a sense, competition between strains for nodule sites in
the infection process may extend to competition for plant
photosynthate wnich then may condition development and
function of nodules. We conducted an experiment to examine
whether the host selectively partitions photosynthate to
nodules that are reducing Ny compared to inactive nodules.
We nodulated both halves of a soybean split-root system with
Rhizobium japonicum strain USDA 110. After 21 days we made
the half root systems gas tight and flowed either air or a
mixture of 80% argon and 20% oxygen by the half root system
for 10 days. Treatments were 1) air on both sides: 2) argon
and oxygen on both sides; 3) air on one side with the
argon/oxygen mixture on the other. Using this technique, we
were able to examine hou No~-fixation affects carbon parti-
tioning to nodules formed by a genetically identical strain
of Rhizobium. Plants were labeled with C'4 prior to

harvest followed by a 90 minute chase period. Respiration
of the root systems and radioactivity of nodules, roots, and
respired CO, was measured.

Results indicated that localized Ny-fixation stimulates
both nodule and root cevelopment at the site of fixation.
Current photosynthate was partitioned selectively to fixing
nodules and their surrounding roots. Both total and
specific radionactivity in roots and nodules was higher where
fixation was taking place. This indicates that not only was
the size of the sink created by development of fixing
nodules larger than non-fixing nodules, but the intensity of
the sink was zlso greater. The ‘host selectively channels
photosynthate to fixing nodules and their surrounding roots
at a faster rate per unit weight of tissue than non-fixing
systems. This mechanism helps explain how the hast responds
to nodulation by a mixture of strains from a rhizobial
population that has a range of effectiveness for No-fixation,
Results suggest that the nodule sink for photosynthate is no
different than that of roots. Both sinks are enhanced by N
assimilation; nitrate and ammonium enhance root growth and
reduction of Ny by nodules increases nodule development.

8The interaction between envirorment, physiological develop-
ment, and Ny fixation by soybean from four maturity
groups.

Five cultivars of soybean ranging from maturity group
00 to VIII were grown at elevations of 320 m, 660 m, and
1080 m. So0il and air temperatures differed by 5 degrees C
between the extreme elevations. Non-nodulating isolines of
each cultivar were included in the trial. Rverage seed
yields of fixing cultivars generally decreased with
increasing elevation: 4056 Kg ha-1 at 320 m, 3343 Kg
ha-1 at 660 m, and 1647 Kg ha-1 at 1080 m. Lower
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temperatures delayed the maturity of all cultivars by
increasing the length of the vegetative stage (planting to
RI) and early pod develcpment (RIV). The duration of seed
development was not affected by temperature. There was a
strong inteiraction between site and cultivar for the lengthn
of vegetative growth period for non-fixing isolines. Langer
maturing cultivars had extended vegetative periods compared
to their fixing counterparts. Non-fixing cultivars had
shorter seed filling periods than fixing cultivars at all
elevations; early maturity groups reached physiological
maturity faster than later groups. Oata from non-fixing
lines and in vitro mineralization studies of the three soils
strongly sUEgest that N availability at the three sites was
determined by both soil temperature and the mineralization
potential of the soil and that soil N availability affected
the rate of maturity of non-fixing cultivars.

The proportion of N derived from fixation ranged from
less than 40% to more than 90% depending on site. Results
indicated that under constant photoperiod soybean develop-
ment is affected by temperature mainly by increasing the
length of vegetative growth. Nitrogen fixation data suggest
that greater conservation of soil N may be possible at high
elevations in the tropics where soil N mineralization is
reduced by low soil temperatures.

Yield data indicates that faster maturing varieties are
more affected by elevation than longer maturity groups.
Yield per unit time for the different maturity groups was
the same at low elevation, but fast maturing varieties
yielded substantially less per day at high elevation.
Results suggest that fast maturing varieties may play an
important role in sequential cropping systems at low eleva-
tions but not at high elevations.

The interaction between soil fertility, inoculation rate,
and Np fixation by soybean.

A field experiment was conducted in a high P-fixing
soil (Haiku clay, Tropohumult) to study the effects of
strain selection for P tolerance, P fertility, and
inoculation rate on nitrogen fixation by soybean. A 2x3x3
split-split plot design was employed with P rate (100 and
600 Kg P ha='), strain of Rhizobium ' japonicum (USDA 110
and 142 tolerant and intolerant, respectively, to low P in
vitro applied in either single_or mixed inoculation) and
inoculation rate (102, 104, 102 cells seed~!) as the
main plots, subplots, and sub-subplots, respectively.
Rhizosphere counts and nodule ioentification indicated no
difference between strains in ability to colonize the rhizo-
sphere or form nodules at low P. Yields were greatly
reduced by low P fertility. VYields were increased with
increasing inoculation rates and this increase was enhanced
at high P compared to louw P. Results indicate that selec-
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tion of Rhizobium japonicum for tolerance to low P will
probably not be a fruitful approach to increasing nodulation
and Np-fixation in soils with low P availability. This
experiment demonstrates a synergism between tuwo management
inputst inoculation and P-fertilization.

A corcllary growth room investigation was conducted
with the same two strains of Rhizobium japanicum to examine
whether plant or microbial sensitivity first limited
Nodulation of soybean under P-stressed conditions. We
evaluated the effect of soil P on rhizosphere growth, nodule
formation, and competition for nodule sites by Rhizobium
japonicum (USDA 110, USDA 142, tolerant and intolerant,
respectively, to lcw P). Two densities of inoculation (6.0
x 102 cells g~ soil, 1.3 x 107 cells g-! soil) for both
strains were imposed on half of a soybean root system
growing in P-fixing soil supplied with either 0, 50,
or 300 mg P Kg-! soil (Pg, Psg, Pggg). The other half of
the root system was supplied with 1500 mg P Kg-1 soil. A
control (Pg on both sides) was also employed. The high
inoculation Jensity treatment produced three times more
nodules than low density. Adding P increased nodule number
by 25% in the low inoculum density treatment for both
strains; there was no response to P at high density. The
control had less than half the nodule number and shoot N
compared to plants iroculated on the Pg side with P 1500
on the other side. Nodule occupancy of USDA 142 was 84% and
66% at Pg and Pggg, respectively, when the two strains were
mixed. USDA 142 grew more than USDA 110 in the rhizosphere
reegardless of P level. Host P nutrition affects nodule
formation in low P soil more than rhizobial tolerance to low
P. Tolerance of a strain to low P in vitro did not enhance
competitive ability for nodule formationm at Pp nor growth
in the rhizosphere.

Results indicate that although extremely low P-avail-
ability at the root surface can affect nodulation, the
overall P status of the shoot has a greater affect omn nodu-
lation. Efforts to increase Ny-fication in P-stress
should be directed toward breeding for plant tolerance to
low P.

BNF in Winged Beans Introduced to the Pacific Islands

The original goals aof the project were nearly met in
18985. Winged hbeans had been previously surveyed in Guam to
determine the extent of nodulation and nodules were
retrieved as sources of Rhizobium isolates. The most
effective isnlates were determined throuah greenhause
trials. Four serologically distinct strains were subse-
quently selected for a field trial on Guam in 1985. These
strains--TAL 189, TAL 651, TAL 1425, and TAL 1672--were
incorporated into a peat-based ioculant. Fluorescent
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antibodies for each strain were produced. The results of
the field experiment showed a response to inoculation at
both maximum and farm fertility levels. Also, higher seed
yields were cbtained with inoculation over both fertilizer N
and the ceontrol treatments. Serotyping of the nodules from
this experiment is underway.

Also in 1985, tissue culture techniques were studied
for examining stress tolerance in winged beans under cold
conditions. Callous production was initiated and is cur-
rently maintained for two winged bean cultivars. ODifferent
tissue culture media were emplaoyed in an effort to stimulate
root, shoot, and whole plant production.

Mutagenesis methodologies were used as a tool to screen
for three plant types. 1) Non-nodulating lines of winged
bean mutants for use in fundamental studies of nitrogen
fixation in this species. Non-noduating plants can be used
as a means of assessment of the level of nitrogen fixation.
By using non-nodulating lines in field conditions where
there are large numbers of effective Rhizobium already
established, a comparison can be made between the non-
noduating and nodulating plants to determine the effect of
N-fixation on yield. 2) Winged bean variants which nodulate
in the gpresence of high nitrate concentrations anc wvhich are
useful in the study of the regulation of nodule development.
3) Erectnid plants which do not require a trellis support
system for growth. One of the factors inhibiting large-
scale production of winged beans is the climbing bhabit of
this crop. Selection of self-standing or dwart varietiass
would alleviate this problem. The variety "Lunita" was
treated with a mutagen, ethyl methanesulfonate, and
approximately S00 plants were planted in the field for
subsequent collection of seed.

PRC Soybean Study

Under sponsorship of the U.S. National Academy of
Sciences Committee on Scholarly Communication with the
People's Republic of Chima, a NifTAL graduate student
initiated studies on soybean rhizobia fram their center of
origin, China. Field and laboratory experiments examined
the interzctive effects of cropping systems, soil type, and
inoculation on the competitiveness and persistence of
introduced and indigenous Rhizobium japonicum,

Populations of soybean rhizobia were dominated by fast-
growing and acid producing strains (R. fredii) in soil that
was previously cropped with soybean. The population in soil
that had long been used for rice producticn was predomi -
nately composed of typical slow-growing Rhizobium japonicum.

Competition studies with isolates showed the fast-
growing strains to be extremely competitive, however, when
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both types were introduced into a soil free of Rhizobium
japonicum, the slow-growing strains formed most of the
nodules on soybean. C(Cropping system (sequential rice-rice,
rice-soybean, or soybean-saybean) did not affect the
Rhizobium population sufficiently such that inoculation
increased soybean yields after two rice crops.

Inoculant straims c¢id form significantly more nodules
on soybean following rice than on soybean following soybean.
This suggests that the numbers of rhizobia in the indigenous
population following rice was less than following soybean.

IMPROVEMENT OF LEGUME SYMBIOSES IN INFERTILE SOILS

The University nf Czlifornia-Davis is subcontracted
under the direction of Don Munns to conduct research in the
area of soil stress tolerance. The objective of the project
goal is to lower the cost of scil management, improve crop
performance, and quide the chaice of legumes for cropping
systems by defining their tolerances to components of soil
infertility.

Research during 1985 centered on experiments in tuwo
areas. First, the nutrition of rhizobia was researched
through experiments on the comparative impact of different
soil factors and rhizobia and organic phosphate. Second,
salinity was characterized on three major legume species--
Cicer arietinum, Leucaena leucocenhala, and Phaseolus
lunatus. Following are research highlights from this year's
work.,

NUTRITION OF RHIZOBIA
Comparative Impact of Oifferent Soil Factors

Most studies of environemntal stresses on rhizobial
growth have characterized isolated single factor effects.
We have completed a comparative study of effects and
interactions of several limiting factors: carbon (sugar),
nitrogen sources, phosphate, calcium, acidity, and Aluminium
toxicity. Each factor was tested with Bradyrhizobium
strains USDA 100 and 142, at two levels. The lower level
corresponded to conditions in an infertile soil solution,
the upper level to conditions in typical laboratory media.
Deficiencies of Ca, N, P, and carbon at high pH (5 to 7) did
not reduce growth greatly when compared with the toxic
effects of Al and H. However, significant responses to P
and Ca developed when these stresses were imposed in
combination with low pH or high Al, combinations likely to
occur in acid soils.
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Rhizobia and Organic Phosphate

In soils that supply orthophosphate slowly, less-
available forms of P become relatively more important.
Notable is phytic acid, which accumulates in substantial
quantity adsorbed to clays or precipitated with Fe and Al.
Strains of Bradyrhizobium differed in their ability to
attain large populations in liquid media with phytic acid as
the primary source, but the nature of the strain difference
is still not clearcut. Inorgaric phosphate impurities are
difficult to eliminate from phytic acid soluticns, and uwe
have found that phytic acid is less stable than usually
assumed. Our current working hypothesis is that strain
differences in apparent ability to use phytate is less
stable than usually assumed.

Our current working hypothesis is that strain dif-
ferences in apparent ability to use phytate reflect
efficiencies in using the orthochosphate present as impurity
rather than inherent differences in ability to hydrolize
phytic acid. We have developed a simple method for
separating orthophosphate from phytic acid and used it to
study the stability of sodium phytate at different temper-
atures (5 to 54 C) and pH (4.4 to 10.0) under aseptic
conditions. Phytic acid released orthophosphate at
nutritionally significant rates, especially at the lowest pH
and above 30 C - a temperature likely to occur in upper soil
horizons where phytate is most abundant.

Salinity and Legumes

We have characterized salinity effects on three more
major lequme species: Cicer arietinum, leucaena
levcocephala, and Phaseolus lunatus. In none of these is
there evidence of important salinity effects operating
specifically and directly on rhizobia, nodulation, or nodule
function. Cicer arietinum is highly salt sensitive (30 mM
NaCl gives 50% grouwth reduction), and 170 cultivars showed
no useful variation in toleranmce. Survival of high salt
levels (100 mM) did not predict a cultivar's ability to grouw
well at less severe levels. 35alt damage arises primarily
from Na accumulation in older leaves, greatly agqravated by
low humidity. The plant has poor control of tramspiration
or of flux of Na and Cl to the shoot. Leaf Na is a useful
diagnostic indicator of both stress and sensitivity. Two
papers have been submitted (Australian Journal Plant
Physiology) and two are in press {(Plant and Soil and Journal
of Experimental Botany).

Leucaena's salt tolerance depends heavily on Ca supply.
At low Ca (0.5 mM in solution culture), it is little more
tolerant thanm chickpea, but at higher Ca (5 mM) 100 mM NaCl
is required to produce significant growth reduction. Two
papers have been submitted (Plant and Soil).
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Phaseolus lunatus is evidently a very tolerant grain
legume. Growth of a commercial cultivar is reduced
significantly at 200 mM but not at 100 mM NaCl. The plants
effectively excluded Na from the shoot system. UWe are seed-
increasing some o0ld Navajo selections that might be more
salt tolerant.

ECONOMIC EVALUATION OF BNF

The major activity of the University of Minnesota (UM)
subcontracted agricultural economics of BNF component of the
NifTAL Project during calendar year 1985 was field work in
Thailand carried out by the graduate research assistant
3ssigned to this project, Mr. Keith Fuglie. Additional
funding for field work and travel to and from Thailand was
also supported in part by a separate grant from AID/S&T/AGR.

Work in Thailand was carried out between October, 1984,
and September, 1985. Ffuglie's visa for the year in Thailand
was obtained by the Thailand National Research Council (NRC)
with status as a visiting researcher and his sponsor to the
NRC was Khon Kaen University (KKU). He was appointed as a
visiting researcher in the Farming Systems Research Program
(FSRP) of the Faculty of Rgriculture, KKU. All of the field
work and other analyses carrried out were done as a part of
the FSRP. Providing an essential source of intellectual and
infrastructural support and advisory assistance we Or.
Terd, FSRP leader, and Ur. Doug Beck, former NifTAL Thailand
BNFRC Director.

The major current thrust of the KKU-FSRP that relates
to BNF is in the use of legumes--primarily peanuts--in rice-
based rotations. The overall FSRP program is on developing
and testing rice-based cropping systems in rainfed areas of
Northeast Thailand. Several of the cropping systems under
study contain legumes grown in rotation with rice or field
crops. Currently, the most attention is being placed on
rice-peanut rotations, usually grown as peanuts-after-rice,
although innovative farmers have been found who are
nracticing a peanuts-tefore-rice system with apparent
success. There are zlso substantial research efforts at KKU
and at the Department of Agriculture, Ministry of
Agriculture (DOA), in Rhizobium strain selection and legume
cultivar (mainly peanuts and soy beans) selection to
increase nitrogen fixation.

The UM BNF Economics subcontract activities during the
year of field work in Thailand can be classified in four
categories: 1) conducting econami. analysis of BNF data
being collected by other researchers on independent pro-
jects; 2) participating in FSRP multi-disciplinary field
research through the addition of an economics components; 3)
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providing leadership for additional FSRP field studies whaose
primary focus is BNF economics; and 4) conducting some
background studies in regiomnal agricultural development-
issues and the analyses of the secondary data from general
statistical sources as well as from project records obtained
from various government agencies.

In category 1, collaboration with Khon Kaen University
and DOA researchers on both past and on-going research
projects was done to measure the economic benefits derived
from increased nitrogen fixation. The first such study uwas
conduct=d by Dr. Nantakorn Boonkerd (DOA). It was a multi-
location test of response to inoculation of several soybean
cultivars with Rhizobium at several levels of nitrogen
fertilization. The second study is collaborative with DOr.
Rennie (IDRC-Canada) and Dr. Nantakorn. This is a newly
initiated study, using isotope tracing to measure nitrogen
fixation by several popular cultivars of soybeans using
several different Rhizobium strains. The third study, being
conducted by Mr. Banyong, Microbiologist at KKU, is one
which attempts to measure nitrogen fixation by peanuts.

In the category 2 studies, the KKU-FSRP Team collab-
orated with the Department of Agricultural Extension,
Ministry of Agriculture (DOAE) in a multi-lccational field
test in Khon Kaen Province of a peanuts-after-rice crop
rotation. The economic component was to measure the
economic viability of that crop rotation in comparison with
other farm and household activities competing for the same
farm resources.

In the category 3 studies--involving primary data
collection--an on-going project was established within KKU-
FSRP to measure the rotation effect of adding peanuts-after-
rice to a rice-only cropping system in Khon Kaen Province.
Co-leaders of this project are Or. Viriya and Mrs. Nongluck,
of the KKU-FSRP Team, who are providing continuing and on-
going leadership of this activity. The farms selected for
this study are a sub-sample of the farms inuvolved with the
cropping system field test mentiaoned 1in category two. A
second study in this category is of a peanuts-before-rice
crop rotation being practiced in some areas of Kagrat
Province. Here farmers are using short maturity peanuts
planted at the beginning of the rainy season in upper paddy
fields. The peanut harvest is followed by rice trans-
planting, if rain is sufficient.

An example of category 4 includes a historical study of
rice yield trends in northeastern Thailand. Another example
is an economic analysis of nitrogen fertilization studies
carried out in several rainfed rice growing areas of the
Northeast Region.

Mr. Fuglie's activities after returning to the Univer-
sity of Minnesota in September, 1985, through the remainder
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of the year, were completing several econometric analyses of
fertilizer data which were started in Thailand but for which
larger computer capacity was needed, and preparing first
drafts of several papers. A list of the tiles of papers
which are now in their first draft stage and titles of
seminars presented as part of the subcaontract are listed
Delow. A condensation of part of the fertilizer paper has
been submitted as a contributed paper to the 1986 annual
meetings of the American Agriculture Economics Association.

Papers in draft form: 1. The economic viability of peanuts-
after-rice cropping system in Khon Kaen Province: 2. Trends
in rice production and yield ir. Northeast Thailand, 1Y947-
19843 3. Varatal choice and nitrogen fertilization of rice
in rainfed areas of Northest Thailand. Future Papers: 4.
Economic benefits from soybean inoculation in Northeast
Thailand; S. The rotation affects of peanuts on rice yields
in peanuts-after-rice cropping system in Khon Kaen Province:
6. The economic viability of peanuts-before-rice cropping
system in Korat Province; and Seminars: Paper #1 was
presented at a meeting of regional DOAE leaders at Khon
Kaen, 1 September 1985,

USDA COMPETITIVE GRANT

dost Control of Module Formation and Develaopment in
Soybean/Rhizobium Nitrogen Fixing Symbiasis

Research under this grant examines the role of the
leguminous host Glycine max in requlating the proces- s of
infection and nodulation by its microsynbiont, !
Bradyrhizobium japonicum. The split-root growth system is
being used as a research tool which allows the partitioning
of host and microsymbiont events during the infection and
noduation process. O0Of specific interest is the phenomenon
of host supression of nodulation on half of its root system
when the other half has been previously exposed to
Rhizobium. Eight soybean cultivars were screened in the
split-root growth system to examine this suppression effect,
Results indicate that relative root growth and number of
infection sites available to the primary inoculum is a
critical factor in determining the degree of later nodule
suppression on the secondary side. Results of experiments
using Bradyrhizobium strains of differing N-fixing
capabilities imply that the effectiveness of the primary
inoculum and host compensatory mechanisms to meet growth
potential also affect the suppression of subsequent nodule
Jevelopment,
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ABSTRACTS OF 1985 PUBLISHED PAPERS

Effect of Calcium on the Phosphorus Nutritien of Rhizobium
meliloti. Beck, O.P., D.N. Munns. Soil Sci Soc Am J 49:
334-337.

Effects of calcium at 3C0 and 1500 M on P nutritian
were assessed in eight strains of Rhizobium meliloti in
defined liquid medium., Evaluations inrcluded: P storage from
"luxury" external concentration (1000 ™ P); utiiization of
stored P after transfer to unreplenished low-P medium (0.06
M); and growth at low concentrations of P buffered at 5,
0.5, and 0.06 M with an iron oxide dialysis system. The
strains stored P in luxury medium, but unlike other
rhizobia, they needed high Ca to utilize the stored P. They
either grew or died following transfer to low-P medium,
depending on the Ca concentration and the Ca concentration
at which they had grown previously. Ability to grow in
media buffered at low P concentrations also contrasted with
that of other rhizobia, in two respects: no strain of R.
meliloti grew at 0.06 M P, regardless of Ca concentration;
and some strains needed high Ca to grow at 0.5 and 5 M P,
Two isolates from Medicago rugosa and Melilotus indica were
less Ca-demanding than six isolates from Medicago sativa.
Previous reports that R. meliloti nas low calcium require-
ments may be correct only for the luxury P levels that are
conventional in defined media. Our evidence for high Ca
requirement at realistic P concentratiaons agrees with data
from soil experiments.

Rhizobium Relationships. Burton, J.C. In. Clover Science
and Technology, Agronomy Monograph #25, 161-184.

The clovers, like many other lequmes, were cultured and
valued for their soil-building properties for centuries
before the magic of the lequme nodule was knoun. The cause
or significance of the nodules on the roots of leguminous
plants was not understood until Hellriegel and Wilfarth
(1888) reported on their classical experiment in which they
showed that nodules on the pea roots were the source of
nitrogen for the plant's grouwth.

Many clover failures undoubtedly occurred from lack of
effective nodule bacteria during this early period, particu-
larly where clover was planted for the first time; but
fortunately, the failures did not prove to be a severe
deterrence to the growing popularity of this lequme, It was
a common practice when seeding new fields to transfer soil
from a field that had previously grown a successful crop of
the same clover. Although the reasons for doing this were
not understood, the nodule bacteria were being supplied in
the old soil.
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Laboratory-grown cultures of the nodule bacteria were
produced shortly after Beijerinck (1888) isolated rhizobia
from nodules, but the early results from these laboratory-
grown culftures were very disappointing. The soil transfer
method remained more dependable than use of laboratory-groun
cultures for many years (Fred, et al., 1332). In light of
our present knowledge of the delicate relationship between
the nodule bacteria and their host, and the references of
each symbiont, this result should not be surprising.

Design and Analysis of an International Experimental
Network: Legume Inoculation Trials in the NifTAL Project,
the INLIT Experience. Davis, R.J., Cady, F.B., Wood, C.L.,
and Chan, C.P.Y. Univ. Hawaii Research Series 042, 43 pp.

ODescribed is a system of worlduide trials for testing
response to legume inoculation, the International Network of
Legume Inoculation Trials (INLIT). The basic INLIT experi-
ment is described in detail: formulation of the research
design, the coordination and cervicing of trials, and the
analysis of data on a single and multiple locatien basis.
Included is a treatment of the data analysis of field
experiments rontaining nonorthogonal comparisons. Secondary
benefits of the trials have been identifying research
workers and policy makers in developing countries, and
organizing these persons into an organization for expediting
research and information flow. Acceptance of the concept by
many legume inoculation workers has indicated the validity
of tte concept, and feedback from cooperators has indicated
that the INLIT program has been successful.

Predominance of Fast-qrowing Rhizobium Jjaponicum in a
Soybean Field in the People's Republic of China. Dowdle,
3.F. Appl Env Micro SO0(5): 1171-1176.

Soybean rhizobia were isolated from two soils with
different cropping histories from Hubei Province in central
China. The first, from Honghu County, has been under
soybean cultivation for decades. All of the isolates
obtained from nodules on soybeans growing in this soil were
fast-growing, acid-producing rhizobia. However, slouw-
growing, alkali-producing isolates were obtai..2ad at higher
dilutions of the same soil. The second soil, from Wuchang
County, has been under rice cultivation with no record of
previous soybean cultivation. All of the soybean rhizaobia
recovered from this soil, and at higher dilutions of the
soil, were typical slow-growing, alkali-producing isolates.
The isolates from both soils were grouped by using intrinsic
antibiotic resistance, gel immunodiffusion, and fluorescent-
antibody procedures. Representative isolates were tested
for symbiotic effectiveness with four soybean cultivars
(Peking, Davis, Williams, and Ai Jiao Zao) in a pot experi-
ment. There were significant cultivar-rhizobial interactions.
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Moreover, on each cultivar, there was at least one fast-
growing isolate among these new rhizobia that was as effec-
tive as the highly effective slow-growing reference strain
USDA 110.

Selective Medium for Recovering Specific Populations of
Rhizobia Introduced into Tropical Soils. Habte, M, Rppl Env
Microbiol 50(6): 1553-1555,

Experiments were designed to evaluate the usefulness of
antifungal agents and streptomycin for recovering louw
densities of rhizobia inoculated into tropical soils. The
results showed that yeast-mannitol agar (pH 6.0) containing
50 g of streptomycin, 400 g of cycloheximide and 50 g of
benomyl or chlorothalonil per ml was the best selective
medium,

Fast-Growing Soybean Rhizobia. Keyser, H.H., M.J. Sadowsky,
and B.8. Bohlool. In. World Soybean Research Conference
III: Proceedings (ed. Richard Shibles), Westview Press, pp
926-334.

Rhizobium are the bacteria capable of forming a
nitrogen-fixing symbiosis with lequminous plants. Tradi-
tionally, their classification has been based or specific
host infectivity witr the recognition of two broad groups of
fast-and slow-growing strains (Jordan and Allen, 1974). In
addition to growth rates, the two groups are distinguished
by several important differences, which has led to the
proposed establishment of a separate genus for slow grouers
(Bradyrhizobium gen. nov.), while retaining fast grouwers in
the genus Rhizobium (Jordan, 1982).

The soybean-nodulating'bacteria, R. Jjaponicum, have
been classified as slow grouwers. Recently, however, Keyser
et al. (1982) reported the existence of fast-growing
isolates obtained from soil and nodules collected in China.
Examination of the 11 fast-growing isolates for microbio-
logical, genetic, and symbiotic properties has shown them to
be distinct from the slow grouwers. They represent a unique
and valuable addition of Rhizobium germplasm. In this
article we present an overview of microbiological and
symbiotic properties of the fast-growing soybean rhizobia.
Results from genetic studies are presented elsewhere in this
volume by Atherly et al. Several investigators are
currently examining these fast growers for various
attributes, and knowledge of them should increase rapidly.
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Influence of Environmental Factors on Interstrain
Competition in Rhizobium japonicum. Kosslak, R.M., and B.B.
Bohlool. Appl Env Microbiol 49(5): 1128-1133.

The effect of several biotic and abiotic factors on the
pattern of competition tetween two strains of Rhizobium
japonicum was examined. In two Minnesota soils., Waseca and
Waukegan, strain USDA 123 occupied 63% (Waseca) and 249%
(Waukegan) of the root nodules on Glycine max L. Merrill cv.
Chippewa. USDA 110 occupied 2% of the root nodules in the
Waseca soil and 12% of the nodules in the Waukegan soil.
Under a variety of other growth conditions--vermiculite,
vermiculite amended with Waseca soil, and two Hawaiian soils
devoid of naturalized Rhizobium japonicum strains--USDA 110
was more competitive than USDA 123. The addition of nitrate
to or the presence of antibiotic-producing actinomycetes in
the rhizosphere of soybeans did not affect the pattern of
competition between the two strains. Houwever, preexposure
of young seedlings to USDA 11J and USDA 123 before trans-
plantaticn into soil altered the pattern ¢f competition
between the twc strains significantly. In the Waseca soil,
preexposure of cv. Chippewa to USDA 110 for 72 h increased
the percentage of nodules occupied by USDA 110 from 2 to
55%. Similarly, in the Hawaiian soil Waimea, nodule
occupancy by USDA 123 increased from 7 to 33% after a 72-h
preexposure.

Annual, Seasonal and Diel Variation in Nitrogen Fixing
Activity by Inga jinicuil, a Tropical Leguminous Tree.
Roskoski, J.P. and C. van Kessel. Oikos 44: 306-312.

Patterns in nitrogen-fixing activity by Inga jinicuil
schl., a leguminous shade tree in Mexican coffee planta-
tions, were monitored over a three-and-half year period
using acetylene reduction.

Year to year variation was unexpertedly large; mean
annual fixation equalled 35 ko N ha-! yr-1, which
constitutes a significant nitrogen input to the coffee
ecosystem. Nitrogen-fixing activity occurred throughout the
year but was highest during the summer and autumn when
precipitation and temperature uwere at a maximum and when the
majority of tree growth and reproduction occurred. I.
Jinicuil flowered twice annually and nodular activity peaked
once during each reproductive cycle, with maximum activity
after flowering in the first reproductive cycle and before
flowering in the second.

Diel fluctuations in nitrogen fixation rates were
obtained on most but not all sampling dates, but the
observed patterns of activity varied from date to date.
Aside from an activity peak that occurred at 1300 hours,
averaged rates of nodular activity uwere remarkably constant
throughout the day. Nodules from seedlings fixed 35% more
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nitrogen than 30-yr-old-trees but had a similar diel
activity pattern.

Overall, the results show that variability in nitrogen-
fixing activity was large betuween years, pronounced but
explainable between months, and relatively small between
hours of the day. The timing of maximum and minimum activ-
ity, btoth seasonally and daily, differed significantly from
what has been reported for most other nitrogen-fixing species.

Differential Expression of the Pea Symbiotic Plasmid pJBSJI
in Genetically Dissimilar Backgrounds. Sadowsky, M.J. and
B.B. Bohlool. Symbiosis 1: 125-138.

The Rhizobium leguminosarum host-range (Sym) plasmid,
pJB5JI, is a 130 Mdal conjugative plasmid which carries the
genes for host-specifity (i.e., for peas) and some of the
c2nes for nitrojen-fixation. We have transferred plasmid
pJBSJI into different species of Rhizobium and examined the
symbiotic properties of the resulting transconjugants. The
donor strain R. lecuminosarum 6015 (pJBSJI), was only moder-
ately effective on peas. Transconijugants of a Nod-
mutant of R. trifolii, #2, became highly effective on peas,
but did not regain their ability to nodulate clover. Trans-
conjugants of a Nod* strain of R. trifolii, 0403, could
nodulate peas, but only ineffectively, and retained the
ability to nodulate clover effectively. All reisolates of
#2 transconjugants from pea nodules had gained the ability
to form ineffective nodules on clover. Reisolates of 0403
transconjugants from both clover and pea nodules exhibited
three different symbiotic phenotypes: They could nodulate
(1) both peas and clover effactively; (2) clover effectively
but peas ineffectively; or (3) only clover effectively.
Trnasconjugants made with a fast-growing coybean-Rhizobium
were unable to nodulate peas, but retained the ability to
nodulate soybeans. The presence of the plasmid in these
transconjugants was ascertained by back-crossing Lo a Nod-
of R. leguminosarum. In all the studies, the identity of
the donors, the recipients and the transconjugants were
confirmed by their antibiotic and auxotrophic markers, as
well as by immunofluorescence and immunodiffusion using
strain specific antisera. In this study, we have shown that
plasmid pJBSJI is readily transferable to different species
of Rhizobium. However, its symbiotic expression varies
depending on the genetic background it resides in.

Effect of Phosphorus on the Effectiveness of Strains of
Rhizobium japonicum. Singleton, P.W., AbdelMajid, H.M,, and
Tavares, J.W. %o0il Sci Soc of Am J 49(3): 613-6165.

We examined the relationship between P nutrition of
soybean {Glycine max (L.) Merr. cv. 'Davis'] and Ny fixation
by five strains of Rhizobium Japonicum ranging from an
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ineffective (SM-5) to a highly effective (USDA 110)
symbiosis with soybizan, Phosphorus at 0, 50, 125, and 400
mg P kg"1 soil (DD, Pgsgs P125, paoo) as Ca(HZDDQ)Z'HZD was
applied to pots containing 2.7 kg of a P-fixing humoxic
tropohumult free of R. japonicum. Treatments consisting of
+N and five strains of R. japonicum and the four P treat-
ments were arranged in a complete factorial replicated three
times. With 400 mg P kg~) soil treatments ranked +N > USODA
110 > USDA 31 > USDA 123 > USDA 33 > SM-5 for shoot dry
weight and accumulation of N in the shoot. There were no
significant strain effects for shoot dry weight, shnot N or
nodule activity at P . Strain rankings were the same at the
intermediate levels of P but differences were smaller.
Although nodule number was somewhat enhanced by P, it bore
no relationship to strain effectiveness and was not a factor
limiting Ny fixation at low P. Nodule dry weight and nitro-
genase activities significantly increased with P additi 'ns.
The concentrations of N and P in the s*oot also increased
with P additions. The concentrations of shoot P and N were
higher in plants provided mineral N at the low and inter-
mediate P levels than in the inoculated plants. The results
show that P nutrition is important in interpreting the N>
fixation capability of strains of Rhizcbium. Synergism
between P and Rhizobium inputs requires that to obtain
maximal response to the application of one input neces-
sitates employing the other at maximum levels.

Inoculant Production with Diluted Liquid Cultures of
Rhizobium spp. and Autoclaved Peat: Evaluation of Diluents,
Rhizobium spp., Peats, Sterility Requirements, Storage, and
Plant Effectiveness. Somasegaran, P. Appl Env Microbiol
50(2): 398-405.

Fully grown broth cultures of various fast- and slow-
growing rhizobia were deliberately diluted with various
diluents before their aseptic incorporation into autoclaved
peat in polypropylene bags (aseptic method) or mixed with
the peat autoclaved in trays (tray method). In a factorial
experiment with the aseptic method, autoclaved and
irradiated peat samples from five countries were used to
prepare inoculants with water-diluted cultures of three
Rhizobium spp. When distilled water was used as the
diluent, the multiplication and survival of rhizobia in the
peat was similar to that with diluents having a high nu-
trient status when the aseptic method was used. In the
factorial experiment, the mean viable counts per gram of
inoculant were log 3.23 (strain TAL 102) > log 8.92 (strain
TAL 82) > log 7.89 (strain TAL 182) after 24 weeks of
storage at 28 degrees C. The peat from Argentina was the
most superior for the three Rhizobium spp., with a mean
viable count of log 9.0 per g at the end of the storage
period. The quality of inoculants produced with diluted
cultures was significantly (P=0.05) better with irradiated
than with autoclaved peat, as shown from the factorial
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experiment. With the tray method, rhizobia in cultures
diluted 1,000-fold or less multipled and stored satisfac-
torily in the presence of postinoculation contaminants, as
determined by plate counts, membrane filter immunofluores-
cence, and plant infection procedures. All strains of
rhizobia used in both the methods showed various degrees of
population decline in the inmoculants when stored at 28
degrees C. Fast- and slow-growing rhizobia in matured
inoculants produced by the two methods showed significant (P
< 0.0") decline in viability when stored at 4 degrees C,
whereas the viability of some strains increased signifi-
cantly (P < 0.01) at the same temperature. The palnt
effectiveness of inoculants produced with diluted cultures
and autoclaved peat did rot differ significantly from that
of inoculants produ-ed with undiluted cultures and gamma-
irradiated peat.

Enhanced N-Transfer from a Soybean to Maize by Vesicular
Arbuscular Mycorrhizal (VAM) Fungi. van Kessel, C.,
Singleton, P.W., and Hoben H.J. Plant Physiol 79: 562-563.

Using a split-root technigue, roots of soybean plants
were divided between two pots. In one of the two pots, two
maize plants were grown and half of those pots were
inoculated with the vesicular arbuscular mycorrhizal (VAM)
fungus, Glomus fasciculatus. Fifty-two days after planting,
15N-1labeTed ammonium sulfate was applied to the pots
which contained only soybean roots. Forty-eight hours after
aEplication, significantly higher values for atom per cent
TS9N excess were found in roots and leaves of VYAM-
infected maize plants as compared with the non-VYAM-infected
maize plants. Results indicated that VAM fungi did enhance
N transfer from one plant to another.
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APPENDIX I

INLIT COOPERATOR'S COUNTRIES

ARGENTINA
BANGLADE SH
BRAZIL
BURMA
CAMERQON
COLOMBIA
DOMINICAN REPUBLIC
ECUADCR
EGYPT
ETHIOPIA
FIJI

GHANA
GUATEMALA
HAUTE VOLTA
HONG KONG
INDIA
INDONESIA
JPMAICA
KENYA
MALAYSIA
MAURITIUS
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MEXICO
NEPAL

NIGER
NIGERIA
PAKISTAN
PRC

PERU
PHILIPPINES
PUERTO RICO
RWANDA
SAUDI ARABIA
SOUTH AFRICA
SRI LANKA
SUDAN
SWAZILAND
TAIWAN
TANZANIA
TURKEY
UGANDA

WEST INDIES
ZAMBIA



APPENDIX II

TABLE 1. Percert yield increase of soybean from inoculation with
Rhizobium japonicum at four Zambian experimental sites
under maximum inputs,®

Bo-sier®* Hernon Magoye Santa Rosa 100 Kg N
Site = eeeeeeecaaooa-o D LT T RS
Golden Valley 295 130 32 58
Mufulira 81 92 232 94
Nangaii# 30 24 23 20 17
Msekera 22 27 26 60 42

i Includes application of Lime, 80 Kg P, 120 Kg K. Average
yields of inoculated plants uwere (Kg seed ha‘1): Nanga 24843
Golden Valley 1873; Mufulira 1522; Msekera 1579. 100 Kg N
data is averaged across all cultivars at the two sites.

fit Bossier is a North American cultivar. The other three are
Zambian cultivars which nodulate with some strains native to
lambian soils.

#&%  Nanga and Msekera data are the average of two experiments,
One testing seven strains (th= top four strains used in
these results) the other testing management practices
inoculating with USDA 110 only.
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TABLE 2. Most probable number (MPN) counts of the number of

invasive rhizobia in three fields at Mkushi

Virgin Soybean Field Soybean Field
Soil No Inoculation With Inoculation
Host
Plant -—— Number of rhizobia 9-1 soil ---
Mungbean 5.1x102 3.0x102 1.7x102
Hernoni 1.7x102 1.7x105 1.7x104
Kaleya 1.8x100 1.7x102 5.1x103

3

Hernon expresses the character of nedulation with rhizobia
native to Zambian soil. Kaleya is somewhat resistant to
nodulation with these strains and resembles North American
varieties for this character,
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APPENDIX III

1985 CULTURE REQUESTS

Country Number of Reguests Number of Cultures
Australia 3 48
Canada 3 67
Colombia 3 22
Republic Federal

Islamique des Camores 1 3
ODominican Republic 1 2
Egypt 2 132
Finland 1 13
Ghana 1 4
Haitli 2 14
India 13 136
Indonesia 2 13
Kenya 2 22
Korea 2 2
Malaysia 2 61
Mexico 6 38
Morocco 1 2
New South Wales {(Aust.) 1 7
Nigeria 2 14
Panama 2 18
Peru 3 11
Philippines 4 28
Saudi Arabia 1 6
Senegal 3 44
Sri Lanka 3 11
Sudan 3 21
Switzerland i 3
Taiwan 1 3
Thailand 5 88
Tunisia 1 18
Turkey 1 103
USA 24 138
Urugquay 1 3
Venezuela 2 32
Zimbabuwe 2 24
TOTALS 34 104 1,151
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APPENDIX IV

Cantry

Brazil
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APPENDIX V

1985 PARTICIPANTS IN NifTAL TRAINING

Graduate Assistantships

Person Country
Tafiqul Aziz Bangladesh

Steven Dowdle usAa

Thomas George India
Wilson Kagabo Liberia
Naseer Mirza Pakistan
Ronnie Nyemba Zambia
Internships

Person Country
Velittin Gurgun Turkey
Muhrizal Sarwani Indonesia
Rolando Torres Philippines

Degree

Ph.D.
Ph.D. (completed)
Ph.D.
m.S.

m.S.
m.S.

Duration of Stay

5 months
6 months
5 manths

CIAT/Porto Alegre MIRCEN/NifTAL Course (November-December)

Persan

Renato Valenzuela Bedregal
Stela D. Vieira Midlej Silva

Reinaldo Bertola Cantarutti
Joaquin Garcia Pena

Justo A. Barros Henrigues
German Hernande: Cordoba
Lidieth Uribe Loric

Marcial E. Guzman Alburez

Maria I. Castellanos Arrecha
Juan Francisco Aquirre Medina
Anselmo Cigarroa de Aguino
Esteban Arosemena Jaen
Margarita X. Cornejo Montenegro
Silos Gonzalez del Aguila

Cesar Augusto Reys Atac

Martin M. Mbewe

Mirta Lopez Gutierrez
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Institute/Country

CIAT/Bolovia
CEPLAC/CEPEC/DIFIT
Brasil

CEPEC/Brasil
ICA/Colombia
ICA/Colombia

CNP/Costa Rica ‘

Centro Investigaciones
Agronomicas/Costa Rica
ICTA/Guatemala
ICAITI/Guatemala
INIFAP/Mexico
INIFAP/Mexico
IDIAP/Panama

University of Panama/Panama
IVITA/Peru

IVITA/Peru

Ministry of Agriculture/
Zambia

Institute of Animal
Science/Cuba



APPENDIX VI

10

1M

12

13

14

15

16

CIAT/PORTQ ALEGRE MIRCEN/NifTAL COURSE LECTURES

LECTURE TITLE

Objectives of the course (instrument)
Oemcnstration of audiotutorial unit

Introduction to legumes and legume-rhizobia
symbiosis. Importance znd benefit of No
fixation

Methods of enumerating rhizobia

N contribution of legumes in different systems
(rotation green manure, N-transfer)

Importance of Ny fixation in legume breeding
and selection programs

Establishment of the need for inoculation,
evaluation of N fertilizer response, evaluation
of nodulation, rhizobia screening and strain
selection for forage and grain legumes.

Experiences in adapting -BNF technology for use
in the Cerrado of Brasil

Methods of inoculation of seed and soil
appropriate for grain and pasture legumes;
survival of rhizcbia in inoculant and on seeds
Limiting factors (plant, rhizobia, environment)
Nutritional factors affecting N> fixation

Nineral N transformations in the suil

Limiting fertility factors in tropical soils:
importance of sample collection

Taxonomy of rhizobia
Forage legume: importance, cultivation,
nutrition, management, association with grasses

Grain legume: importance, cultivation,
nutrition, management, association w/other crops

Extension and promotion of legume-inoculants
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Num

LECTURER OF HO

D Harris 1

J Kolling 1

H Hoben 2

D Scholles 1

J Kipe-Nolt 1

R Bradley 2
R Peres 1

J Kolling 1

D Scholles 1

A Franco 1
M Tedesco 1
D Harris 1
J Jardim- 1
Freire

N Seiffert 1

J Costa 1

E Meurer 1



APPENDIX

Exercise

Exercise

Exercise
Exercise

Exercise

Exercise

Exercise

Exercise

VI (continued)

CIAT/PORTO ALEGRE MIRCEN/NifTAL COURSE QUTLINE

1 Nodule Collection and Isolation of Rhizaoblia

2 Observing Cultural and Morphological Characteristics
of Rhizobia

3 Production of Inoculants and Enumeration of Rhizobia

4 Enumeration of Rhizobia in Peat

5 Test of Genetic Compatibility between Rhizobia and
Lequmes

6 Experiment to test need for inoculation in pots:

Grain Legumes - Soybeans and Beans

Experiment to test need for inoculation in soil

cores
Pasture Legumes - Centrosema and Kudzu
7 Field Experiment to Evaluate Lequme Germplasm,

including Ny Fixation Traits

8 Set up Field Trial (one experiment done by
each pair of trainees)

47
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APPENDIX VII

Table 1. Growth, nodulation and nitrogen-fixation characteristics among L. leucocephala,
L. diversifolia and the hybrid cambined over four inoculation treatments.

Growth, nodulation and nitrogen-fixing traits.

Leucaena 133 Nb shoot ch:'_yb nodule dry nodule
Species p"1 weight mg p_1 TNAS snad weight mg p-1 number p~
L. leucocephala 14.78 a® 701.75 a 2.95b 15.98 b 40 a 18.25 b
- (0.81) (94)
L. diversifolia 7.39 b 291.06 ¢ 1.91 ¢ 21.71 a 21.69 b 10.31 ¢
- (0.54) (28.3)

. Hybrid 14,78 a 610.31 b 3.72 a 17.27 b 47.19 a 25.4 a

(0.65) (54.5)

b Figures in parentheses show data of the uninoculat

c in statistical analysis).

d TNA, total nitrogenase activity (micramoles ethylene produced p-1 -1

ed controls (not included

ERE

SNA, specific r&trogenase activity (micromoles ethylene produced g™~ nodule
)

) e fresh weight h

Means having the same letter within a colum are n
Duncan's Multiple Range Test (a = 0.05).

ot significantly different



6v

APPENDIX VII (continued)

Table 2. Growth nodulation and nitrogen-fixation characteristics
strains inoculations combined over the three leucaenas.

among the single and mixed

Growth, nodulation and nitrogen-fixation traits.

Rhizobium

mg N shoot dry

nodule dry nodule
inoculation p“1 weight mg p_1 et SnaB weight mg p—1 number p_1
TAL 82 7.4 c® 437.6 b 2.8 ab 16.7 a 37.8 ab 19 a
TAL 582 8.6 ¢ 397.4 b 2.2 b 17.4 a 28.8 b 15 a
TAL 1145 18.4 a 700 a 3.4 a 19.9 a 41 a 12 a
TAL 82+582+1145 14.8 b 602.5 a 3.1a 19.4 a 37.6 ab 17 a
e, f, g

see Table 1 for explanations.



APPENDIX VII (continued)

Table 3. Analysis of variance for two yield meansurements of two
chickpea types as affected by inoculation rate and soil
order.

Mean Sqguares

Shoot DU Shoot Total
Source df p-1 N (mg p-1)
Inoculation rate (A) 5 2.673ns 2189, #*it
Soil type (B) 1 0.498% 272 . %
Chickpea type (C) 1 20,1571 %% 3914, et
A x B S 0.180 NS 219, #%
A x C 5 0.198% 323, i
8 x C 1 0.004 NS B2. NS
A x B x C S 0.109 NS 20. NS
Error 48 0.099 50.
*, ##, #¥% Signiricance levels at thke 0.05, 0.01, and 0.001 pro-

ability levels, respectively.
NS = Not Significant
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APPENDIX VIII

INTERNATIONAL TRAVEL BY NifTAL STAFF

NifTAL had two persons outposted full time. One at the BNF
Resource Center in Bangkok, Thailand, and with the Zamare
Project, a USAID/Zambia project in Lusaka, Zambia. These
outposted staff travelled frequently within their reqion.

TDY travel of Hawaii-based staff during the year was as
follcuws:

Country Person TDYs/person days
Bangladesh 1 2/35
Brazil 2 2/21
Burma 1 1/14
Colombia 1 1/7
Egypt 2 2/6
Honduras 1 1/7
India 4 5/28
Nepal 1 1/3
Pakistan 3 5/99
Philippines 1 1/7
Thailand 6 10/65
Zambia 2 2/97
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APPENDIX IX
isiting Scientists Program

Cemmis Oshorn
Nick Poultcn
Garv Smith
‘fichael Crowfoot
John J. Slavics
loel Vietmever
Dan Shigeta
Robert Meller
Patrick Flanagan
Ed Rice

Irwin M. Pikus
Peter P. Rotar
Tomr LaRue

Morton Banks
Bettvy Roaul
Kevin S. Guise
David J. Harris
Rosemary S. Bradlev
Judy Kipe-Nolt
Pedro Alberto Selbach
tHilliam L. Rungle
Khader Sudgi

Jen Chuan Yang
Davis Deardorff
Allen Lundgren
Peter Tom
Thornlevy H. Hite
Peter Gresshoff
Dieter Mueller-Dombois
Maimunah Binte Morshi. Di
Vic Phillips
Dennis Grossmhn
Ming-Pi Mi

S. Patil

Yoshiva Asano
Mark Smith

Jim Harder

Gary Stacey
Takashi Ozawa
Kikao Kumuzawa
Yasuhiro Arima

Y. Maruvama
Takuji Okvama
Shigenao Kawai
John Strieter
Masuro Yamaguchi
Alvaro Parra
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Alafia ', Samoa

US? Sua Fiii

Agri Eng Nept, TH *anoa

Beverlv, CA

AT Int'l, Washington, D.C.

NAS, Washington, D.C.

CES, Kahului, UH

NCSU, Raleigh, N.C.

Fairbanks, AK

UISAID/Wash, Asia/TR/ARD

NSF, Washington, D.C,

Agronomv & Soils, UH Manoa

Bovce Thompson Inst. Ithaca, N.Y.
Kettering Inst., Yellew Sorings, OH
Kettering Tnst., Yellow Sorines, OH
U of Minn., St. Paul, MM

Cali Colombia

CIAT, Cali, Colombia

CIAT, Cali Colombia

Porto Alegre, Barzil

Prince George, B.C., Canada

0 of Jordan, Jordan

Taipei, Taiwan

Las Cruces, N.M.

East-West Ctr, Honolulu, HI
Wewalc, Palia Mew Guinea

Prime !Ministers Off. Honiara, S.I.
Australia Mational hiv.

UH Manoa

East-test Ctr, Honolulu, HT
East-West Ctr, Honolulu, HI
East-West Ctr, Honolulu, HI
Dept of Genetics, UH Manoa

Plant Pathology, UH Manoa

Univ. of Nilton at Mishima
AID/India, Mew Delhi

USDA Univ. of Il1l. Urbana, ilL
Univ of Term. Knoxsville TN
Univ. of Osaka Prefecture, Japan
Tokyo, Japan

Tokyo Univ, Fuchucitv, Tokvo
Univ. of Tokyo, Tokyo

Univ. of Nagata, Japan

Univ. Migata, Japan

Univ/OARDC Unoster, (M

Osaka, Japan

UH, Manoa
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Visiting Scientists Program

Bob Lowen UH, Manoa

Jolm Brolman niv. ¢ Florida, Fort

Cris Escano PCARPD, Los Zanos, Lagme, Phil,
Raron Yalmavor PCAPRD, Los Panos, Tasuna Phil,
Tejpal Cill ATD/S&T/ACGR Washington, D.C.
Jallace 5. Jolnson Raleigh, M.C.

James ', .Jmes I'miv. of Florida, Gainesville, TL

Robert Rorre
Towrvy Harper
Robert A Stewart

Visiting Citizen Program

Glenn A. Dodge
Robert C. Brown
~Jave S. Tsunoda
Paul Mackey

Linda Newton

Mr., & Mrs John Musser
Robert Musser
Kevin Commerton
Tom Sparling
Maryloue Wendleng
Larne Byrmnes
Clement Chan
Robert & FEleanor Lee
Joel Myhand

Sirl Myhand

Tsami Wakoships
Leslev Hill

Val Ah Loy

Isabel Pires Chung
Marion Miyabuchi
Alfred Hew

David Cup Chov

Ed Otsu

Larrayne Otsu
Jerry Wallace

Liz Musels

UM Univ Shibuva, .Japan
Vathinsville, GA
Collingwood, Australia

Vivian L.C. Anderson
WHilliam Frederick Johnson
Howard Nakammra
Fred Matsumoto

Bob Agres

Alvin T. Onaka

Jean Nishida

Jackie D. .Johnson
Paul D, Sullivan
Thom Aewaele

Vickie Sigman

Bornie Tuell

Carl Myatt

Nick Panhoff

Besie Tanaka

Dorothy Myhand

Susan Hamilton

Vida Sonoling

Ruth L. Toreo

Betty Oyama

Beatrice H. Kailiponi
Clvde Kobayashi
Stonev Otsu

Clayton Carvalho
Lisa Manmnion
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