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1. Senior legume scientists learn advanced techniques in 
NIfTAL's Intern program. 

2. Legumes can be self-sufficient for nitrogen thanks to 
the rhizobla housed In their root nodules. 

3. A Honduran researcher is trained in antisera production 
at a NifTAL course in Mexico. 

4. International scientists receiving NIfTAL training on 
Rhizobium strain selection in Malaysia. 

5. Inoculated bean seeds on the right have the 
edge- 10,000 rhizobla per seed. 

6. One of over 200 scientists participaing in NifTAL's 
International Network of Legume Inoculation Trials. 

7. A refresher course on Inoculant Production and Quality 
Control taught at Hyderabad, India. 

8. Common bean (Phaseolus "ulgaris)respond markedly to 
inoculation with acid tolerant rhizobla in an Ultisol. 

9. African researchers learn how to test for successful 
inoculant strains at NifTAL's Nairobi course. 
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Overview 

Plants grown from 
uninoculated seeds 
without nitrogen. 

BNF Works. Plants 
grown from Inoculated 
seeds grow better. 

in most developing countries, the small farmer's choice is not between 
nitrogen fertilizer or biological nitrogen fixation (BNF), but between 
noting.at all or cost-effective alternatives. Regardless of the price of 
nitrogen fertilizer on the international market, availability of fertilizer and 
the hard currency to pay for it is often the limiting factor. 
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Overview 

Biological Nitrogen-Fixing Symbioses are: 

Ecologically Sound 

0 Mutually beneficial symbioses between plants and 
microorganisms are plentiful in nature and are 
often exploited, 

* Nitrogen is the most common limiting nutrient 
needed to increase agricultural production in the 
tropics. 

*Plants that fix atmospheric nitrogen can fluorish in 
nitrogen defflcient soils without nitrogen fertilizer. 

"Symbioses enhance the survival and increase the 
ecological range of the symbionts. 

* By providing nitrogen input to natural ecosystems 
and agroecosystems, symbionts play an important 
role in nutrient cycling processes which partially 
determine overall ecosystem primary productivity, 
species composition and successional dynamics, 
and agricultural sustainability. 

* BNF is an environmentally attractive alternative to 
nitrogen fertilize which is known to pollute ground 
and surface waters causing health and eutrophica- 
tion problems 

Economically Attractive 

* Farmers know that rotating lgume cover crops 
leads to dramatic yield increases of subsequent 
grain crops. 

* Intercropping and relay cropping with legumes is 
the dominant form of agriculture in the world be
cause biologically fixed nitrogen is available and 
cost effective for small farmers. 

* Nitrogen fixed by rhizobia is cost-free if rhizobia 
are already in the soil. 

* If rhizobia are not present, placing rhizobia in the 
soil along with the seed is very inexpensive. It
 
would take at least U.S.$87 worth of urea to

produce a soybean yield comparable to that pos
sible using only U.S.$3 worth of inoculant. 

0 Chemical fertilizers like urea are expensive, partly 
because they are linked to the cost of natural gas, 
oil, and other non-renewable energy sources. 

* Rhizobial inoculants for legumes are cost-effective 
and energy efficient. 

Maui is virtually a living greenhouse with rich 
ecological diversity. 

/,: : ' 
:\: 

Maul serves NifTAL well as field experiments conducted throughout the island can take advantage of the ecological
diversity and mimic conditions Indeveloping countries. Our unique geography allows traveling within aday's drive to 
neady all the climatic zones present Intropical countries. 
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________Overview 

Background 
in 1975, at the peak of the oil crisis, the United States 

Agency for International Development (USAID)
contracted with the University of Hawaii to implement 
a project to help farmers in developing countries step 
up agricultural production. The initial USAID contract 
(AID/ta-C- 1207) which ran from June 1,1975, through
June 15, 1982, drew on expertise in the College of 
Tropical Agriculture and Human Resources for estab-
lishment of an interdisciplinary unit called NitTAL 
(Nitrogen Fixation by Tropical Agricultural Legumes). 

NitTAL was dedicated to the application of tech-
nologies based on biological nitrogen fixation (BNF) to 
international development goals. During these early 
years NitTAL built a resource capability in Hawaii to 
provide national legume programs in developing 
countries with research support, information, technical 
assistance, and multi-tiered training in BNF. 

From June 16, 1982, through September 30, 1986, 
(USAID Contract DAN-0613-C-OO-2064-00), 
NifTAL continued to develop appropriate BNF tech-
nologies for tropical agriculture as well as to test these 
technologies in developing countries. Also during this 
period, technology transfer and training activities in-creased - particularly those related to production and 
use of inoculants. 

Beginning in 1987, NitTAL began its second 
decade under a Cooperative Agreement (DAN-4177-A
00-6035-00) known as Improved BNF Through Biotech-
nology. This award was given based upon the 
continuing and expanding demand for NitTAL's ser-
vices and the need to continue improving the efficiency 
of the symbiotic nitrogen fixing systems. 

The five programs under this new agreement are: 
1) Genetic Technologies for Improvement of 
Rhizobium/Legume Symbiosis for Crops and Trees; 2) 
Development of Methods for Monitoring Microor
ganisms; 3) Environmental Data Base to Maximize Per-
formance of BNF; 4) Regional Resource Centers; and 
5) Commercial Inoculant Technical Assistance. These 
programs are carried out by fulfilling the following ob
jectives. 

Objeives 

The overall goal of the NifTAL Project is to reduce 
the endence of te nt Pryr es o n 

the dependence of developing country farmers on 
nitrogen fertilizer for the production of increased quan
tities of protein rich food. NitTAL's approach is to ac
complish this goal through research and assistance to 
legume programs throughout the tropics to more effec
tively exploit the legume-rhizobia symbiosis. 

Specific Objectives were: 
* to determine the effect of soil infertility on symbiotic 

performance of legumes. 
* to provide economic information on the cost of BNF 

technology relative to that of nitrogen fertilizers. 

e to provide regional and in-county support to legume 
programs in developing countries. 

* to train professional researchers, technicians, and ex
tension workers in the developMent and implementa
tion of legume-based BNF technologies. 

to amass and maintain a rhizobia germplasmresource comprised of rhizobial strains which effec
tively nodulate agriculturally important legumesunder the conditions prevailing in developing
 
countries.
 

* to establish an antisera bank for identifying 
Ruizobium so that the success of inoculation of 
legumes could be assessed. 

* to develop systems for improved inoculant delivery 
and for insuring dependable, effective nodulation in 

the field. 
* to identify management techniques for increasing

nitrogen fixation in the field. 

* to assist Private Voluntary Organization (PVO) and 
Peace Corp personnels in applying BNF and inocula
tion technology at the village level. 

5 



Overview 

Summary of Accomplishments 

TJhis reporting period was a milestone in NitTAL's 
history as critical steps were taken toward more 

effective technology transfer. Predictive models of 
legume inoculation response were perfected and 
stronger links forged with a variety of development or-
ganizations and workers in Private Voluntary Organiza-
tions (PVO's) and the Peace Corps through research 
projects, networking, and technical assistance. High
lights of this effort included: 

6 Worldwide Rhizobial Ecology Network (WREN) 
The international networking begun in the early 1980s(International Network of Legume Inoculation Trials) 
(Infthertio n d intko LEum nThionTrl 
was further expanded into WREN. This work was 
funded jointly by the National Science Foundation(NSF) and USAID. Collaborative research was done 

with scientists in 22 developing countries who helped 
test ecological factors affecting nitrogen fixation poten-
tial. The wide divesity of tropical climates available on 
the Island of Maui made possible matching results with 
collaborative research sites overseas. The goal of this 
work is to build computer models which can help
predict the response of legumes to rhizobial inoculation 
and thus make possible greater yields of high protein
foods and fuelwood for developing country persons. 

OTraining For International Development Workers 
Beginning with a mini-workshop in Washington, D.C., 
NifTAL launched into a major effort in collaboration 
with several PVOs and the Peace Corps. A two-week 
training workshop in biological nitrogen fixation, was 
aimed toward using this vital link in the effort to trans-
fer BNF technology to developing country farmers. 
The result of the workshops was formation of a consor-
tium that will lead to the solution of one of the most 
vexing problems faced by NitTAL staff in the past 
how to get the technology directly to the farmers. 

*Soil Organic Matter Dynamics In TropicalEcosystems Workshop 

Another unique event in NitTAL's history, as well as in 
the tropical soil field, was a workshop planned specifi
cally to write a book on tropical soil organic matter. 
The workshop, funded by NSF/Ecology was a huge sue-
cess as experts and reviewers met and virtually com-
pleted the first draft of the book before the week was 
over. The resulting book, Dynamics ofSoil Organic
Matterin TropicalEcosystems, was released in 
November, 1989. 

Throughout the time demands of these challenging 
events, research and outreach services continued 

by the research and support staffs. Research resulted 
in some exciting and useful findings and various 
outreach efforts touched more people than ever 
before. Highlights of outreach and research activities 
include: 

OTechnical Assistance 

Through technical assistance efforts, inoculum is being
supplied to NFTA (Nitrogen Fixing Tree Association) 
for use in their Cooperative Planting Program throughwhich 3100 seed packets per year are distributed 
worldwide. Tree legumes were the subject of discus
sions with the F/FRED (Forestry/Fuclwood Research 
and Development Project). These discussions led to establishment of an updated list of 18 priority tree 
legumes. Furthermore, technical services-ranging 
from short visits to long term projects-were offered to 

Brazil, Colombia, Ecuador, Haiti, Indonesia, the 
Philippines, Sri Lanka, Thailand, Uganda, and Zambia. 

oVisiting Scientist and Graduate Student Programs 

The visiting scientist and graduate student programs 
were quite active with scientists from India, Korea, and 
Canada spending time on-site participating in col
laborative research projects. Intern trainees from
 
Burma and Korea spent several months working and
 
learning. Five graduate students continued their
 
studies with one person completing his Ph. D. during

the year.
 
*Providing Materials and Information
 

Rhizobial cultures and inoculants, antisera, and infor
mation were distributed to more than 50 countries. A 
directory of BNF resource persons in developing 
countries was compiled to provide interested persons 
access, on a worldwide basis, to those with experience 
and knowledge about BNF. In addition, a videotapewas produced highlighting the linkage between 
NitTAL, the Peace Corps, and PVOs. 

',TifTAL's outreach efforts offer our technology to 
-those who need it through a continually expanding

network of contacts and collaborators. These outreach 
efforts, however, are of limited value if it were not for 
the solid and appropriate research and development
efforts carried out by the Research Section. Highlights
of these activities are reported in four subsections. 
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______ _____overview 

9 Environmental Constraints to Enhanced BNF 

Using the climatic and soil diversity on the island of
Maui as a natural laboratory for ecological research, 
the rhizobia/legume symbiosis was studied in a set of 
experiments to produce a model predicting both the 
fate and performance of introduced rhizobia. Under-
standing the conditions that influence the benefit 
farmers derive from inoculation of legume crops is 
imperative if valid recommendations for use and 
development of the technology are to be made. 

Environmental factors that were studied for their 
influence on rhizobial colonization, nodulation, and 
competition were temperature, rainfall, photoperiod, 
and soil type. It was found that it is becoming possible 
to more accurately predict rhizobial behavior using 
the results of these studies and those of the WREN 
collaborators who conducted the same series of 
experiments in their own countries. 

Assessment of the environmental impact of released 
rhizobia can have a far reaching effect as a model for 
the release of any microorganism, particularly as geneti-
cally improved organisms are developed. A two-year 
study following the survival of 18 strains in 18 diverse 
field sites yielded significant data. Populations of 
introduced rhizobia underwent a rapid decline upon 
release, followed by either survival equilibrium or corn-
plete disappearance depending on strain and/or site 
characteristics. The data generated by this research 
forms the foundation upon which models predicting 
the survuval of rhizobia in tropical crop systems can be 
constructed. 

Through the studies of rhizobial survival, a computer 

program - MPNES - was designed to generate solu-
tions for population estimates and the confidence inter-
vals of most probable number data from plant infection 
counts. The program generates tables which help to 
better measure the organism of interest in micro-
biological studies. This software program has proven of 
interest to both the scientific and commercial coin-
munity and is currently being used by several inoculant 
companies in the US in their quality control tests. 

* Biological Constraints to Maximal Benefit from 
Legume Symbiosis 

Enhancing the symbiosis requires an understanding of 
the dynamics of sod nitrogen and other nutrients. For 
example, several studies examined phosphorus 
management in relation to BNF and nitrogen balance 
in legume crop systems. Infertile tropical soils are not 
only low in phosphorus but may adsorb added P so 
strongly that applied P becomes relatively unavailable 
to the plant. Data on soil organic matter, organic P and
N from these and future experiments will provide addi-
tional insight on how management and nitrogen fixation 
affect the sustainability of soil fertility. 

Several experiments addressed the interaction between 
the rhizobial strain and the legume host. These in
cluded looking into genetic factors regulating fixation.
Genus-specific microbial regulation of leghemoglobin 
expression in root nodules of interspecific hybrids of 
Phaseoluswas the basis for a study the result ofwhich 
indicates that the signal to turn on key genes in the 
hybrid are influenced by the infecting rhizobial strain. 
Another experiment looked at multiple forms of 
glutanine synthetase in nodules of tropical legumes 
inoculated with Bradyrhizobium spp. and Rhizobium 

fredii.The results indicate that multiple forms of 
glutamine synthease are probably of wide spread 
occurrence in legumes. 
Two factors were indentified that may constrain 
N-ftation by Phaseolusvulgaris:crop growth pattern 
and efficient nitrate assimilation. These factors were 
studied in several experiments. One experiment fur
thered understanding of the relationship between crop 

N requirement, N assimilation characteristics, and N2
fixation by both common bean and soybean. Results 
suggest that maximizing nitrogen derived from fixation 
in common bean may require altering its N assimilation 
characteristics through plant breeding. Research into 
the relationship between root mbrphology and nitrate 
assimilation by Phaseohsvulgarisand Glycine max 
indicated that under identical conditions common bean 
derived more total crop N from the soil than soybean. 
One benefit of increasing Phaseolusdependence on 
symbiotic sources would lead to reduction of the deple
tion of soil nitrogen resources that can better benefit 
the yield of non-leguminous plants that are part ofcropping systems. 

The rhizobial requirements of Gliricidiasepium were 
studied. This fast growing N-fixing tree is receiving 
increased attention because of its potential use in 
reforestration and alley cropping. Highly effective 
strains were identified and are being used to produce 
peat-base inoculants for this promising crop. 
Improving inoculant production includes ways of 
identifying rhizobial strains in order to optimize 
compatibility and fixation. Serological identification 

of rhizobial strains is an important tool to follow the 
fate of rhizobia both in nature and in crop systems.
Serological methods suitable to assess the perfor
mance of rhizobia in developing countries is a continu
ing research area. One experiment that shows promise 
of being useful is the immunoblot method. 

• 	Methodological Constraints to Better Understanding 
of Legume/Rhizobia Association 

Once a riizobial strain is judged to be effective, the 
next step is to determine how to use it in inoculant
formulations. One study investigated the merits of 
single versus multistrain inoculants. Findings suggest 

7 



Overview_
 

that certain legumes respond as well to single as to 
multi-strain inoculants. 

Increasing the number of nodules formed by superior 
inoculant strains is important when legumes are 
planted in fields with an indigenous population of 
rhizobia. Applying adhesives to seed increases the 
amount of inoculant that adheres to seed and in an ap-
propriate management practice that farmeracan use to 
increase the success of their inoculants. Certain types 
of preferred adhesives, gum Arabic, for example, are 
difficult to obtain in some developing countries. A 
study was done to look at an alternative adhesives and 
determine its compatibility with rhizobia. Several types 
of oils were tested. Results showed that although fewer 
rhizobia bind to the seed with oil than with gum Arabic, 
rhizobia numbers were sufficient for inoculation after 9 
days of storage at 340C. These results are encouraging 
since oils are usually readily available to farmers and 
inoculant distributors. 

* Institutional Cooperation for Solving Problems 

Finally, keeping transferability of technology in the 
forefront of our research effort is critical. Collabora-

tive research is an important part of our technique to 
meet this need. A listing ofour major collaborative 
research projects shows how these support our on-site 
research efforts. 

The effect of crop history and evnironment on bradyr
hizobial populations were studied in Karnataka State, 
India. 

Production and conservation of fixed nitrogen in tropi
al croyend ierctio betwee m ngeen 
and environment were the subjects of research in four 
different areas of the Philippines. 
Temperature, photoperiod and mode of nitrogen 
nutrition effects on legume phenology were the subject 
of research done using data collected by IBSNAT. 

The symbiotic and competitive properties ofBradyr
hizobium japonicum native to Korean soils was studied 
along with a Korean visiting scientist at NitTAL 
headquarters. 
The response to inoculation of soybean that nodulate 

with indigenous rhizobia in African soils were studied 
in cooperation with researchers in Ghana and Zambia. 
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'jhepurpose of NitTAL's outreach activities is to
A- deliver the tools and knowledge necessary to op-

timize the benefits of biological nitrogen fixation in 
farmers' fields. This activity is directed toward develop-
ing country researchers and institutions, international 
development agencies, Peace Corps and private volun-
tary organizations. Our outreach efforts include net-
working and collaboration, training, workshops, 
technical assistance and technology transfer, and 
material and information services. 

NifTAL networking (INLIT and WREN) and col-
laboration efforts reach across the globe as we move 
toward more predictible transferability of BNF tech-
nologies. Technical assistance and technology transfer 
range from responses about research techniques 
mailed to requestors to providing in-country BNF 
needs assessments and on-going programs such as 
those in Haiti, Thailand, and Zambia. 

Training continued to be a strong element of 
NifTAL's outreach through 1989. A four-week exten
sion training course was sponsored jointly with FAOand conducted at the BNF Resource Center in 1989. Atwo-week training workshop for PVO was held at 
NifTAL headquarters in 1988. In 1989, a four-week 
Rhizobium technology course was taught in Bangkok
for scientists and technicians from South and Southeast 
Asia. In addition, a workshop on computer models for 
predicting legume response to inoculation and survival 
of inoculum strains in soil was held in 1989 at the 
University of Iowa in Ames. 

Providing inoculants, cultures, and antisera allows 
researchers in developing countries to conduct ex
perimental projects and enhances their inoculant 
production potential. Information dissemination con
tinucs to provide developing country persons with 
knowledge about BNF activities and current research 
through the continuing bibliography and computer 
search services, networking contacts, and training op
portunities. 
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Outreach 

NETWORKING AND COLLABORATION 

Reaching out incollaboration and networking ()and through technical assistance(=) 

Networking 

WREN network 

NitTAL is now the hub of an experimental network 
known as the Worldwide Rhizohial Ecology Network 
(WREN) which is partially supported by the National 
Science Foundation Ecology Program. Twenty-two care-
fully selected participants from 18 countries mostly in 
the tropics are collaborating with NitTAL to develop a 
model to predict legumes' response to inoculation 
which varies with legume species and site specific 
environmental conditions. 

In order to defie the parameters which affect this 
response, NitTAL and collaborating scientists conduct 
standardized pot and field trials. They also monitor the 
specific conditions in their diverse environments, such 
as the numbers of native rhizobia and soil mineral N 
levels, which may affect the magnitude of the response. 

In 188,the o~aoraorsthechaac-themompete 

WRNInternational Collaborators 
Mr. Robert Abaidoo (Ghana), Mr. Gustavo Bernal 

(Equador), Dr. Nantakorn Boonkerd (Thailand), Dr. Vernon 
Chinene (Zambia), Dr. Paul Davis (Zimbabwe), Sra. Con
suelo Estevez (Equador), Dr. Mercedes Umali-Garcta (Philip
pines), Dr. S.V. Hegde (India), Dr. AilHilall (Morocco), Dr. 
Carlos Labandera (Uruguay), Dr. Kauser Malik (Pakistan),
Dr. Hassan Moawad (Egypt), Mr. Ronnie Nyemba (Zambia), 
Mr. Michael Nyika (Zimbabwe), Dr. Erlinda Paterno (Philip
pines), Dr. Carlos Ramirez (Costa Rica), Mr. Walter Quadros 
Ribeiro (Brasil), Dr. Juan Carlos Rosas (Honduras), Dr.
Eduardo Schroder (Puerto Rico), Dr. ZulkilU Shamsuddin 
(Malaysia), Mr. Precha Wadisirisuk (Thailand), Dr. C.C. 
Young (Taiwan), Dr. Fauzia Yusuf (Pakistan). 

Networking for Technology Transfer 
Through PVOs and the Peace Corps 

NifTAL took another significant step by launch
ing a training program for private voluntary organiza
tions (PVO) and Peace Corps (PC) workers to give 

the basic knowledge necessary to get BNF tech

terization of their sites, conducted their greenhouse potnogytdelpigcuryfmrs 
trials, and initiated field plantings. Data collection and 
analysis will be completed in 1989. The results from 
NifTAL and collaborating scientists will be used to con-
struct and verify the predictive model for response to 
legume inoculation. A workshop of participants was 
held in August, 1989, to familiarize collaborators with 
the crop response model. 
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Cooperating in the first planning workshop, 
which was held in May 1988, were USAID's Office 
of Agriculture, Bureau for Science and Technology 
and Office of Private and Voluntary Cooperation, 
Bureau for Food for Peace and Voluntary Assis
tance. The second workshop, a two-week training 
course on BNF Technology Transfer, was held in 



Outreach
 

late 1988 for fifteen participants who shared their germplasm, research, and technology development 
unique expertise in this interactive workshop. and transfer complements PVO and PC strength in 

training, extension, and credit systems that exist at
PVO and Peace Corps participation in BNF the farmer level in many countries. 

technology transfer will provide the missing link for 
NitTAL toward meeting its goal ofhelping small Assessments would be made of potential
farmers in developing countries produce more benefits from improved BNF, training courses given
protein rich food and fuelwood. Combining state-of- to PVO/PC trainers on inoculant use, BNF improve
the-art research knowledge and grassroots technol- ment techniques, and descriptive literature (i.e., 
ogy transfer techniques will result in a dynamic manuals and guides) produced in local languages. 
outreach effort. Additionally, inoculant production capabilities

would be assessed, followed by development of a 
suitable system. 

BNF/LM Established to Reach Farmers An outline of the formal structure and funding 
In the Tropics of the consortium was ironed out at a follow-up meet

ing held in Washington, D.C., in December between 
By the end of the workshop, a consensus was eight PVO and Peace Corps persons and NitTAL 

reached that some aspects of BNF technology are representatives. The consortium was funded in 1989 
presently ready for use by the small holder farmer in by AID/S&T under the title of Biological Nitrogen 
developing countries. To effect use of the technol- Fixation and Legume Management (BNF/LM) 
ogy, the participants proposed that a consortium be Outreach Project.
formed between several PVO's, the Peace Corps,and NitTAL. During its first year, the project is focusing its ef

forts in Uganda, Haiti, Nepal, Senegal, and Indonesia. 
The consortium's purpose will be to implement The methods to help achieve the goals of the project

BNF assessment, training, and inoculant use in can range from extension materials to applied research 
developing countries. NitTAL's strength in rhizobial setting up collaboration between organizations. 

From left: Eugene Chivaroll, Deputy Assistant Administrator for S&T, USAID; Ms. Phyllis Dobyns (at podium), Senior Vice President for
Save-The-Children; Noel P.Kefford, Dean, CTAHR, University of Hawaii; Sarah Ford, Peace Corp; Ambassador Mark Edelman, Acting
Administrator, USAID, Senator Daniel Inouye, Hawaii. 
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MIRCEN Network Connection 

Continues 


Networking continues to all persons interested 

in rhizobia through NifIAL's designation as a 
Microbiological Resource Center (MIRCEN) 
charged with the preservation of rhizobial strains, 
Unesco provides seed funds for preservation of this 
important ecologial resource. The NitTAL 
germplam curator, Padma Somasegaran, par
ticipated in the MIRCEN council meeting held in 
conjuction with GIAM VII. This meeting, the 
Eighth International Conference on Global Impacts 
of Applied Microbiology was held at the Depart
ment of Biology, The Chinese University ofHong
Kong, from July 30 -August 6, 1988. A poster
presentation entitled "NitTAL: Specialists in 
Rhizobium Technology Training"1 was made at this 
meeting. 

Collaboration 

For most of its existence, NiffAL has operated
in the collaborative mode for attaining its goals and 
objectives in training and education, publication, and 
research and development. 

For training and education, NitTAL has joint
sponsored activities with Food and Agriculture Or
ganization (FAO), the International Atomic Energy
Agency (IAEA), the MIRCEN's, Organization for 
Economic and Cooperation Development (OECD),
and several of the international centers. 

Several of the manuals and informational
 
pamphlets are produced in collaboration with the
 
above organizations.
 

Indo-U.S. 	Science and Technology 
Initiative (STI)., 

NifTAL and the Indian Agricultural Research 
Institute and the G.K.V.K. University of Agricultural 
Sciences in Bangalore, India, have taken a broad ap
proach to solving problems that limit the 
legume/rhizobia symbiosis under support of the
 
Indo/US Science and Technology Initiative. Col
laboration between the institutions has been on manylevels- from simple exchange of inportant 

germplasm to consultation and hands-on research ef
forts. We have addressed limitations to the symbiosis
from numerous directions always with the intent of 
revealing basic underlying principles rather than conducting site specific experiments. 

Some of the work done under this cooperation is 
reported in the Research Section of this report. 

J 

. ... ' .2 

*i, ,''. -

Indo-U.S. STI collaborator S.V.Hegde with his graduate student. 
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BNF Resource Center Activities in 
Bangkok 


Because of the specialized nature of the training 
and research required to tailor BNF technologies to 
the requirements of specific locale, the Regional
BNF Resource Center (for South and Southeast 
Asia) was established in September, 1983. 

Collaborative efforts between NitTAL Project 
and Thailand Department of Agriculture offered the 

support needed in the development of practical ways 
to enable crops to utilize biologically fixed nitrogen
(BNF). The BNFRC has encouraged research on 
and adaptation of tropical BNF Technology and 
increased food production in tropical Asia through 
services, training, and resource support. 

Scope of Activities 
* Assist national and international BNF Programs. 

e Design and help implement relevant legume 
inoculant production and distribution system. 

bV
 

*Providing BNF technical assistance to country and 
regional pasture, oil-seed or agroforestry projects
that have a legume component on a cost-basis. 
Collecting, testing and distributing Rhizobial cul
tures for research and commercial purposes. 

* Promoting and facilitating the establishment of 
small biotechnology companies in the region by 
acting as an intermediary between LDC in
dividuals and NifTAL, Hawaii. 
*Hostingvisiting scientists for periods of 6-12
 
months to conduct collaborative research with 
center personnel. 

* Provide short-term and intern programs for LDC 
scientists to work with various aspects of BNF and 
its application in cropping system. 

* Contacting USAID missions in the region to 
coordinate BNF technologies into USAID 
projects and national programs. 

* Organizing in-country and regional training 
courses in conjunction with NitTAL Project, HI. 

One of the primary collaborations between the BNFRC and NifTAL, Hawaii is offering training courses. These participants are attending an 
inoculant production course at BNFRC's Rhizobium Building. 
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Collaborative Research Projects 

In order to validate and enrich its scientific pro-
gram, NifTAL's scientic staff initiates collaborative re-
search projects with international agricultural research 
centers, universities, and individual scientists. The list
ing below includes major collaborative efforts. Further 
details on these projects are given in the Research Sec-
tion, under Institutional Cooperation for Solving 
Problems. 

Malaysia: Evaluation of acid tolerant Leucaena and 
their rhizobia. 

The Malaysian Agricultural Reseach and Develop-
ment Institute and NifTAL Project are collaborating to 
select and test acid tolerant rhizobia for improved 
Leucacna genotypes. 

Ghana: A look at soybean inoculation response with 
indigenous rhizobia In African soils. 

The NifTAL Project and scientists at the Univer

sity of Ghana are testing the response to inoculation of 
asoybean line that had been bred to nodulate with in-
digenous "cowpea" rhizobia. 

IBSNAT: Testing the effects of temperature, 
photoperiod and mode of nitrogen nutrition, 

NifTAL Project and the International Benchmark 
Sites Network for Agrotechnology Transfer (IBSNAT) 
Project are examining the interacting effects of 
temperature, photoperiod, and mode of N nutrition on 
phenology, N fixation and assimilation, and yield of 
soybean. 

Karnataka State, India: The effect of crop history and
 
environment on bradyrhizobial populations. 


NifTAL and University of Agricultural Sciences 
GKVK Campus in Bangalore, India, began a three-year 
research program to evaluate how crop system, manage
ment, and environment affect rhizobia. 

Philippines: 

- Interaction between management and
 
environment.
 

NifTAL and the Philippine Council for Agriculture
and Resources Research and Development 

(PCARRD), with USAID support, developed a project 
that studied production and conservation of fixed N in 
tropical crop systems and management strategies to en
hance nitrogen fixation. 

NiITAL and scientists at Marianos Marcos State 
University (MMU) in Batac, Ilocos Norte, carried out 
field experiments to evaluate the extension service's 
recommendation for applying starter nitrogen to 
legumes in the region and to determine how these
recommendations affected the performance of 
rhizobial inoculants. 

- Camerines Sur. The role of Phosphorus manage
ment in respone to legume inoculation. 

NiflAL and Camarines Sur State Agricultural Col
lege (CSSAC) collaborated to research the theory that 
if sufficient effective rhizobia are present either 
through inoculation or in a native soil population, the 
management inputs that increase yield will increase theneed for the crop to assimilate nitrogen. 

- MMSU and CSSAC: Study results aid in under
standing conservation of fixed Nitrogen. 

In a study of mungbean, soybean, and peanut con
servation of fixed nitrogen, results indicated that P 
management plays an important role in N-fixation, and 
that the choice of species, management, and environ
mental interaction are critical determinants whether or 
not legume production will have a net benefit to soil N 
reserves. 

-" ." 

/ 

Paul Singletor (center), NifTAL researcher with two of his
Philippine collaborators, Heraldo Layaoen (left) and Chris

1cao. 

16 



Outreach 

MATERIAL AND INFORMATION SERVICES 

Research material distribution In]1988; additionally, Information was distributed to more 
than 1900 persons In100 countries. 

Providing material such as inoculants, rhizobial 
strains, antisera, and information on research and 
current happenings in the BNF world are essential to 
meeting NifI'ALs goals and objectives. Numerous 
requests are received each week from both the 
developed and developing world acknowledging the 
importance of this service component of NifTAL's 
outreach effort. This section includes several tables 
which summarz the distributionof materials. 

Material Services 

During 1988, materials were provided to re-
questers from more than 50 countries. Scientific sup-
port was given in the form of rhizobial inoculants, 
pure cul~tures, antisera,and seed. Inoculants were 
generally requested for experimental purposes; cl-
tures for experimentation and inoculant production;
antisera for identification using the fluorescent 
antibody technique, and seed for collaborative 
experiments insmall research quantities only. 

Inoculants 

Peat-based inoculants are distributed for re
search purposes inconnection with collaborative 
research in Nifl'ALs Worlwide Rhizobial Ecology 
Network. Other requests are filed for inoculants 
used in experiments connected with USAID, univer
sity, private voluntary organization, or national 
programs. Inrecent years, NitTAL has also 
provided inoculants to development projects as an 
interim measure prior to availability of in-country
inoculant production capabilities. 

NifI'ALs objective inthis area isto be respon
sive to the changing demand for inoculant types. For 
example, over the past several years the demand has 
changed from an emphasis on pasture and food
legumes to tree legumes. The present concern for 
reforestation sparked this trend. NifTAL has 
responded by producing additional inoculants con
taining rhizobial strains compatible with avariety of 
popular leguminous tree species. 

The following table and figure give asynopsis of 
types, amounts, and destination of rhizobial strains 
distributed. 
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Antisera 
DlrlbuUon of Inoculaat Wordwide 

cour 
Bujumbura
Cameroun 
Chad 
Costs Rica 
Dominican Republic
Ecuador
Ecudo 

Number of 
Shlpment/ 
Contr 

1 
1 
1 
1 
2
31 

TOWa 
Kiloguma/ 
Cou y 

0.42 
0.42 
0.42 
0.66 
1.99 
1.020.17 

Numberof 
H ,OW/ 
Cou 

2 
5 
1 
4 
6 
1 

Antisera are essential for identifying rhizobial 
strains recommended by NiITAL. Each strain is host 
specific and is serologically distinct from one 
another. Antisera are necessary to monitor infective
ness by the inoculant strains and for determining the 
long-term persistence at the experimental site. 
NiffAL's antiserum bank receives requests by re
searchers throughout the world. The table below is a 
synopsis of requests received in 1988. 

Ethiopi 1 0.09 1 
Ghana 1 0.25 1 
Haiti 4 80.3 41 
Honduras 
Jordan 

1 
1 

0.33 
0.25 

2 
3 

Antsern Requests Filled 

Lao PDR 1 0.58 5 
Lesotho 1 0.25 1 
Mali 1 730 11 Country Number of Volume 
Peru 2 1.08 9 Requests Sent 
Philippines 4 3.57 22 
Puerto Rico 1 0.42 1 
Rep. of Cape Verde 
Senegal 
Sri anka 

1 
2 
1 

0.25 
0.42 
0.25 

1 
2 
3 

Bclguim 
Cost&Rica 
India 

1 
1 
2 

45 ml 
7ml 

119 ml 
Sudan 
Togo 
Turkey 
Uganda 
United Kingdom 

2 
1 
1 
2 
3 

1.08 
0.66 
0.33 
0.17 
3.57 

5 
4 
2 
1 
3 

SriLanka 
Thailand 
USA 
Zimbabwe 

2 
2 
2 
I 

124 ml 
40 ml 
47 ml 
85 ml 

United States 14 15.72 35 
West Indies 1 1.41 10 
Western Samoa 1 1.00 6 
Zimbabwe 1 0.30 3 

58 124.64 193 
Hosts are not unique, the same host maybe counted under 

different countries 

Meeting the changing needs of International development programs 

Mifxing tres , 

::'.Grainand pulse crops 'Pasture and cover crops 0.5, 

Pasture and cover crops , 

N-fixing trees,. 

Inoculants types requested In the early 1980's Inoculants types requested Inthe later 1980's 

18 



Outreach
 

Cultures 
NUTALMIRCEN Rhimoblal Geriplam Remmce Servics 

Provison of rhizobial cultures for research pur-
poses is an important function of the NifTAL 

Country Requests # of Cultures 

Project. Cultures preserved in the NiflAL MIRCEN 
collection number more than 1700. These cultures,
gathered from a wide array of host plants and from 
diverse geographical iocations, have been authenti-

Austria 
Belgium 
Burma 

1 
1 
1 

5 
9 

43 
cated and tested for nodulation potential. Legume
noculants are made from the strains determined to 

Burundi 
CanadaColombia 

1 
22 

11 
1611 

be most effective for each of the 17 most economical-
ly important legumes and for the priority tree list 

Finland 
France 

1 
1 

5 
3 

shown in the previous section of this report. Germany 1 3 

Over the past three years, the entire collection 
Ghana 
India 

2 
12 

15 
151 

has been retested and preserved in ampoules as Indonesia 1 4 
lyophilized (freeze-dried) cultures. These culturesyJapan 
have proven to be virtually impossible to con-

Iraq 

Kenya 

11 
1 

661 
25 

taminate and are superior for shipping to locations Korea 1 26 
in the tropics where high temperatures cause low 
rhizobial populations in cultures shipped on agar 

Malawi 
Nepal 

1 
1 

25 
14 

slants or beads. The entire collection has also been 
transferred to the Indian Agricultural Research In-

New Zealand 
Nigeria 
Pakistan 

1 
1 
1 

12 
9 
7 

stitute in New Delhi for use and distribution in India. Philippines 3 20 

The following table gives a synopsis of rhizobial 
SriLanka 
Sudan 

3 
2 

24 
21 

culture distribution during this period. Sweden 
Syria 

1 
1 

3 
3 

Thailand 2 16 
Turkey 
USA 

1 
11 

6 
58 

Wales 1 8 
Zimbabwe 1 4 

32 62 626 

The production of Inoculants requires a number of specialized products and equipment. NifTAL has planned 
and makes available an Inoculant production package featuring the NifTAL-designed fermenter. 
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Information Dissemination NO 

NilTAL's Communication Section is charged oft
with the responsibility of meeting requests for " ..
 
general information about the project and informa- 4*
 
tion on specific research topics This is done by fill- 
ing requests from NifTAL's wide variety of el-
publications and through providing database sear
ches on the project's 10,000-document collection of 
reprints. 

Following completion of the computer database
 
in early 1988, we gained the capability of providing ,
 
database searches to developing country re
searchers. The collection is continuously updated

with current articles. As an insert to the BNF BUL- -g Rk 

LETIN newsletter, our Continuing Bibliography 
 E,.. _ " 

remains a popular source of citations for current Illustrated Concepts in Agricultural
journal articles made available to requesters. Biotechnology 

Many requests are also received for the books The illustrated concept series are one-page
"Methods in Legume Rhizobium Technology" and teaching and reporting papers. In 1988, atUnesco's 
"Legume Inoculants and Their Use." The former is request, the series became a joint publication with 
a comprehensive manual teaching theory and skills partial financial support frm Unesco. Number 3 in 
necessary to work in all phases of rhizobiology. The the series entitled "A Meodium-Scale Fermentor for 
latter is an excellent handbook especially useful to ex- Mass Culture of Rhizobia" and "Commonly Asked 
tension workers and those who need a concise over- Questions and Answers about BNF," (Number 4)
view of biological nitrogen fixation applications in were published di ring this reporting period. Future 
the field. topics to be covered in the series are genetics of 

Journal articles and book chapters by NitTAL BNF, serological techniques for monitoring microor
staff continue to be in demand. As well, the BNF ganisms, and commonly asked questions and 
BULLETIN is sent to over 1700 interested persons answers about BNF. A list of the miscellaneous 
in 100 countries. Also popular is the recently publications produced by NiITAL is presented 
initiated series "Illustrated Concepts in Agricultural below. 
Biotechnology." Miscellaneous Publications 

BNF BULLETIN Newsletter 1987 Annual Report 

The BNF BULLETIN gives information about BNF BULLETIN, Volume VIII, Number 2, with 
the many aspects of BNF work on an international Continuing Bibliography, Number 15. (8-page 
scale. Readers from over 100 countries are kept in- newsletter with a 4-page insert.) 
formed about BNF activities, training, and recent ar- Directory of BNF Workers in Developing Countries 
ticles written about the legume-rhizobia symbiosis. (A 32-page booklet listing names and addresses of
The varied audience ranges from decision makers to persons who work with or are interested in BNF.)
extension workers in developing countries. NifIAL Training Portfolio (brochure) 

Tropical Soil Organic Matter Book Rhizobial Inoculant Production and Planning Ser-
The book "Dynamics of SOM in Tropical vices from NilTAL (8-page booklet/brochure outlin-

Ecosystems" was released in fall 1989 by the Univer- ing available services and introducing the NiITAL 
sity of Hawaii Press. The book will be available from developed fermentor for inoculant production. ) 
NifTAL to eligible developing country persons for a Video-Tape "Applying Science And Technology To 
substantial discount off the $30 price. This is a state- Development - Forging the Missing Link" (present
of-the-art book on soil organic matter produced by ing a model of cooperation between research 
NilTAL as the result of a meeting of top experts in projects and Private Voluntary Organizations and 
the field. Peace Corps workers) 18 minutes. 
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TECHNICAL ASSISTANCE AND TECHNOLOGY TRANSFER
 

Priority tree legumes Continued efforts inselecting rhizobia that are 
effective, competitive, saprophytically competent, 

With much international activity in the area of and compatible with several host species will be 
multipurpose tree planting, it was deemed necessary directed toward the species on this list. 
to re-evaluate Nifl'ALs list of priority species in 
order to reflect current emphasis. From reviewing 
current literature, and from discussions with NFTA 
and F/FRED (Forestry/Fuelwood Research and 
Development Project) staff members, the following Peat inoculant supplied To nitrogen
priority list was established: fixing tree association 
Acaciamangium Dalbergiasissoo 
Acaciaauriculiformis Flemingiamacrophylla An agreement was made between NifTAL and 
Gliricidiasepium Faidhietbiaalbida the Nitrogen Fixing Tree Association (NFTA) for 
Calliandracaloihyrsus Acacia nilotica NifTAL to supply peat based legume inoculant for 
Sesbaniasesban Prosopiscineraria NFTA's Cooperative Planting Program. In this pro-

SebnagadfoaProsopisfuliflora 	 gram, approximately 3100 seed packets per year are 
Sesbanagrandiflora 	 sent throughout the world for field trials. Having the 

Leucenaleuccepalaappropriate rhizobia for the specific legume trees 
Leucaena diversifolia will insure adequate nitrogen nutrition during the 
Albizia lebbeck early growth of the trees. Small packets (16 g) of 
Paraserianthusfakcataria peat inocula will be provided semi-annually begin-
Acaciamearnsii ning in 1989. There are currently 50 legume species 
Cajanuscajan (perennial habit types) in the NFTA Cooperative Planting Program. 

JNFTA INOCULUM DISTRIBUTION - 1989 

Amount Countries Total Ioajum Packets 
*Group Legume Hosts Inoculum Packets Kilorams of Packets Shipped per Group/Country 

Group* Distftite pr G~uxmtbun b DSmU A 11Q 2 9
A: 	 Acacasauriculaeformls A 66 1.06 AI11a : , 101 19 17 28 24 13 

Acaciamanglum B 49 0.78 Ankd8&7)o$ 3 1 1 1 
Acaciamearnsil C 75 1.20 CenbWaAma 4 1 1 1 1 
Acactadecurrans D 68 1.09 C/hiaAcadtathida E nf 9_4 Ewup 2 1 I1 

2886Total 4.576 Total lode - 3 1 2 
B: 	 AlbIzis tebbek lnea 1 1 2 2 

Albizia saman Lao 8 2 2 2 2 
Eriteroloblum cyclocarpumn Pdisosm 9 2 2 2 2 1 
Parasartanthus spp. MOW*al 3 1 1 1 

Nepal . 2 1 1C: 	 Leucaena spp Phftoe. 54 16 12 14 9 3 
Callianra ralothyrsus Riep.of IGuhiea I 1 
Desmanthus virgatus Salomion We,,dS 1 1 
Gllricdla seplum SonuthAwma 3 1 1 1 
Plthocelloblum dulce &U~aitau 4 1 1 I 1 

Swedenr 1 1
D: 	 Fismlngla macrophtylla S)WAe 1 1 

Mimosa ecabretla TWA~lnd 7 1 2 2 2 
Sesbanla grandiflora Tog. I11 
Sesbanis sesban O,*e 3 1 1 1 
Erythrina poeppiglans 1/54 63 16 9 15 15 8 

E: CjnscjnUnIted 	 Khvgdoin 5 1 1 1 1 1 

Note: All packets shipped were 16grams final weight 
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Technical Service Notes 

Among the in-country contacts with USAID mis-sions and country nationals were the following: 

Brazil 

A visit was made to one of the WREN col-

laborators and recommendations made on plant

growth, site visits made to experimental field loca
tions, and consultations held on the experimental

design. 


Colombia 

Discussions at CIAT yielded several types of 
joint ventures which could be pursued between the 
centers. One possibility is agroforestry activities,
Additionally, discussions were held with the WREN 
collaborator regarding the experimental protocol. 
Ecuador 

The WREN collaborator at Quito (INIAP) was 
assisted in selecting field sites and crops. The direc-
tor of INIAP expressed interest in the idea of INIAP 
making inoculant for the country if money were 
made available for funding the venture. 

Philippines 

A proposal was carried out to access need for in
oculation production and extension activities forAID Manila. A series of field experiments are being
carried out as part of collaborative research between 

NilTAL and Philippine Council for Agriculture and 
Resources Research and Development, Camarines
Sur State Agricultural College, and Marianos Mar
cos State University. 

Sri Lanka 
From April to June, Dr. Robert J. Davis 

provided a consultancy with the Sri Lanka Department of Agriculture's Legume Inoculation Program.
The consultancy was funded by a NifrAL-
USAID/Sri Lanka Buy-in. While there he worked 
out of the office of the USAID Diversified Agricul
ture Research Project in Peradeniya. The main tasks 
of the consultancy were evaluating the Department's 
soil microbiology research program, reviving and 
revising plans for in-country legume inoculant 
production, making plans for training research 
workers and production plant personnel at NilTAL, 
and for the training of extension workers in Sri 
Lanka. Additionally, Davis also evaluated the BNF 
Program of the Institute of Fundamental Studies in 

Zambian Inoculant producer Ronnie Nyemba and another student at the Bangkok Course assemble 
a NifTAL-designed rhizobial fermenter appropriate for low to medium scale Inoculant production. 
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Kandy. Future consultancies by Davis and other In farmers' fields, responses to inoculation have 
NifITAL personnel were planned. frequently been observed, especially on soybean.

So far, all farmers requesting inoculants have beenThailand 	 able to obtain them, but the dramatic yield response 

in farmers' fields has led to an increasing demand.Cooperation continues between Thai and
NilTAL scientists with the BNF Resource Center as Farmer education efforts by Nyemba through
 

a point of contact. Bangkok isa central location for television and radio information campaigns, exten-

BNF activities in the Southeast Asian area. 	 sion worker training, and farm demonstrations further stimulates demand for inoculants. 

Meeting the Increasing demand for
 
Inoculants In Zambia 1#04 , : .
 

The demand for rhizobial inoculants is increas
ing in Zambia at a rate of 10% per year. Leadership. -
for meeting this demand is in the hands of 
Mr. Ronnie Nyemba, a soil microbiologist in charge 
of inoculant production at Mount Makulu Research 
Station (Ministry of Agriculture and Water Develop
ment, P.B. 7, Chilanga, Zambia). Nyemba, received 
an M.S. degree in Agronomy and Soil Science at the 
University of Hawaii through co-sponsorship by 
University of Illinois' ZAMARE Project 
(USAID/Lusaka) and NiITAL. His training is in 
soil microbiology/agronomy with an emphasis on 
production and handling of rhizobial inoculants. 

Specialized training at NiITAL and at a joint 
sponsored FAO/NiflAL BNF Resource Cen
ter/Thai Department ofAgriculture Inoculant 
Production course held in Bangkok, Thailand, Ih .-, 
prepared him for his present work in his home 
country. Nyemba supervises inoculant production 	 Mongu peat being mined for processing at Mt.
and quality control, conducts field testing of new 	 Makulu. The acid peat is neutralized with lime 

prior to packaging and autoclaving.products, trains extension agents, and isdevising a 
marketing strategy for sale of the inoculants. 

Currently, the Mount Makulu facility is produc
ing 30,000 (150 gram each) bags of inoculant for alfal
fa, leucaena, peanut, dry bean, and soybean per year. To meet the rising demand, Nyetr. a is x-
Inoculants are produced using locally mined peat perimenting with producing inoculans ta on-sterile 
from Mongu which has been processed for carrier peitn witr ucinicta non-sterile 
use at Mt. Makulu. The peat is steam sterilized in peat. Early results indicate that non-sterile Monguautoclavable bags, then injected with a dilution of a 	 peat can support a large rhizobial population. The 

Mt. Makulu facility will also be installing two, low
broth culture of the appropriate rhizobia. 	 cost, 100 liter stainless steel fermenters supplied by 

Quality control measures are instituted NifTAL and the ZAMARE Project. These new fer
throughout the process from an initial purity check menters will increase production capacity by 200%. 
of the stock culture to a final plate count of the in
oculants before they are marketed. Viable numbers Nyemba and his staff plan to take these and 
of rhizobia are in excess of I billion cells per gram of whatever future actions are needed to meet the 
inoculant when they leave the factory. This quality is rising demand for quality rhizobial inoculants in 
equal to or better than commercial inoculants Zambian agriculture. NifIAL staff will continue to 
produced in the USA. back stop these efforts as much as possible. 
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Minimum carbohydrate requirements 
for the growth of rhizobia 

Among limitations to implementing successful 
inoculant production in some developing countries is 
the ready availability of certain components of the 
growth media and the limited amount of foreign cur-
rency available to import them. We have begun to 
address some of these practical concerns by examin-
ing the minimum carbohydrate requirements for ade-
quate production of rhizobia. Initial results using
inoculant-quality strains show that excellent growth 
rate and final yield can be achieved with one-twen-
tieth the amount of mannitol that is normally recom-
mended in rhizobial growth media. This was 
achieved with a fast- and a slow-growing strain. 
More detailed studies will be conducted with other 
inexpensive and widely used carbohydrates. 

Technical Assistance in the 

Re-Greening of Haiti 


Years of poor land use mangement, rising 
population, and increasing demand for agricultural 
and, in particular, wood products have resulted in 
serious environmental degradation in Haiti. NifTAL 
has become involved in the important effort to 
replace the lost forests through reforestation using 
fast-growing, nitrogen fixing trees. Provision by 
NilTAL of leguminous tree inoculants began in 1987 
through cooperation with the USAID-sponsored 
Agroforestry Outreach Project (AOP). 

Nitrogen fixing leguminous trees, such as 
Leucaenaleucocephala,L. diversifolia,Samanea 
saman,Albizzia lebbek, Gliricidiasepium, Calliandracalothyrsus, and Acacia auriculiformis, figure 
prominently in the AOP program. These trees have 
the potential of decreasing erosion and further 
degredation of precious soils, as wel as providing 
Haitians with wood products and a potential income 

crop. 

Rhizobial inoculants have become an essential 
part of the nursery planting procedure. Because the 
tree seedlings experience severe environmental stres
sos upon outplanting due in part to insufficient 
nitrogen in the poor soils of the outplanting sites, in
oculating all susceptible seedlings with rhizobial in
oculants is a routine part of planting. Through 1988, 
inoculant continued to be supplied to key 
cooperators for use in tree seedling nurseries. These 
nurseries are sponsored by the AOP and the Pan 
American Development Corporation, a Private 
Voluntary Organization which also has a strong pro
gram in Haiti. 

In 1989, NifTAL will provide inoculant produc
tion training for a Haitian at NifTAL Headquarters 
on Maui as well as outposting a NitTAL technician 
to set up a production plant in Haiti. The goal is to 
enable a small business enterprise to begin produc
ing inoculants in-country in sufficient amounts to 
meet the critical need for legume inoculants for trees 
appropriate for reforestation. 

Agroforestry projects can help create acontinuing supply of
Many hillside forests InHaiti have been denuded like this one. fuetwood and a renewable Income source for Haitians. 
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Developing a National Legume Indonesian BNF Assessment 
Inoculation Program for Uganda 

Paul Singleton recently conducted an assess
ment of BNF technology in Indonesia for the 

Through support by the Manpower for Agricul- Government of Indonesia, USAID, and the Secon
dary Food Crops Development/Communication forture Development Project (MFAD: Ohio State 
Technology Transfer in Agriculture Projects. The as-University-AID-Government of Uganda), NifTAL 

will develop and deliver legume inoculation technol- sessment developed a projection of the expected 

ogy to ensure that national programs to increase benefit to farmers from inoculating their crops. In 

legume production are not limited by insufficient this context, constraints to delivery of the technology 
were evaluated. It was found that the potential suppbiological nitrogen fixation. Over a four-year period, 

the activities will include training, facilities develop- ly of high quality inoculant was in excess of demand 

ment, and an applied research program. and that institutional capability to conduct research 
is adequate. 

During a visit to Uganda, NilTAL scientist Paul 
Singleton initiated the activity by performing an as- The relatively small use of inoculant by farmers 
sessment of the need for BNF technology and the was associated with the lack of understanding of the 
level of resources available to deliver the technology use and economic benefits of this technology by ex
to farmers. Subsequently, in November, 1989, he of- tension personnel and farmers. To address this weak 
fered a workshop for interested individuals from in- link to further implementation of BNF technology in 
dustry, research, private voluntary organizations, and Indonesia, NiITAL proposed conducting a BNF 
government planning agencies to increase awareness Technology Training Course for Indonesian exten
of the benefits of BNF technology. Currently, sion workers who are active in farmer training. The 

through support by Ohio State University and course will be held in Thailand in conjunction with 
NitTAL's BNF Resource Center (Bangkok). ThisMakere University, NitTAL is helping to develop a 

pilot scale inoculant production facility. This activity proposal is under consideration by the Communica
is related to the new PVO/Peace Corp/NiITAL Con- tion for Technology, Transfer in Agriculture/Secon
sortium (BNF/LM). dary Food Crops Development Products (AID-

Indonesia and the Government of Indonesia). 
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Training Program and Workshops
 

Workshops 
Soil Organic Matter Dynamics Experts 

Gather 

From October 7 to 15, 1988, NilTAL hosted a 
workshop which brought together a group of expert
scientists for a unique purpose. The primary task of the 
event was to produce a book on soil organic matter 
(SOM) dynamics. This workshop was funded by a 
grant from the National Science Foundation's Ecology
Program. Meeting participants worked under the 
general agreement that organic matter can play an im
portant function in alleviating nutrient and stress 
problems in soils. But, very little is known about the 
specific biological processes involved in transformation 
of soil organic matter (SOM) and organic matter inputs
into ecosystems. This is particularly true of tropical
soils dominated by variable- charge clays and subjected
to heavy rainfall over a long period of time. It is well 
known that highly leached tropical soils have high levels 
of acidity and toxic metals and low amounts of available 
nitrogen, phosphorus and the bases. 

)M -7 

lee, 

4 
Soil scientists engrossed Inexamining soil at a high
elevation site on Maul. 

This SOM book will be the result of a process that 
began with a questionnaire distributed in July of 1986 
and ended with a workshop in October 1988. From 
responses we received to these questionnaires about 
tropical SOM sent to over 100 scientists, seven topics
were selected as major themes for this workshop and 
the chapters of the book. 

Teams of experts were commissioned to write a 
"posit;on paper" on each of the seven themes. Authors 
were asked to be deliberately controversial and 
provocative. Each "position paper" was then sub
mitted for evaluation to a separate panel of experts
from such diverse fields as ecology, chemistry, physics, 
soil science and agriculture. 

During the week-long workshop the authors and 
the reviewers gathered together to defend their posi
tions, reconcile differences, and produce "consensus 
papers" that have become the book's seven chapters.
The book also identifies gaps in knowledge, prescribes 
corrective measures, and formulates research priorities
related to ecological interactions that regulate organic 
matter dynamics in tropical ecosystems. Dynamics of 
SOM in Tropical Ecosystems is available from Univer
sity of Hawaii Press. The book is available to people 
from developing countries at a 40% discount when 
ordered directly from NitTAL. 
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PCARRD Hosts BNF Workshop for
Local and International Scientists 

NitTAL's head of research, Paul Singleton, and 
Biological Nitrogen Fixation Resource Center 
(BNFRC) director, Nantakorn Boonkerd, par[ticipated in an evaluation and planning workshop in 

4 -


Indian and U.S. scientists gather to design experiments In 
the INDO.US S.T.I. 

STI Workshop 

The Third Joint Workshop of Indo-U.S3. Science 
and Technology Initiative (STI), and the Senior 
Scientific Panel (SSP) Program in Agriculture was 
held in Bangalore, India, in 1988. Thirty Americans 
and 42 Indian scientists involved in the STI Program
attended the workshop. The workshop especially 
provided an opportunity for NitTAL staff scientists 
Ben Bohlor,l and Paul Singleton to meet with col
laborating , cientists to plan for and assess progress 
on their research projects. 

Tho joint workshop highlighted 1) the initial ob-
jective and relevance of lndo-U.S. scientific coopera-
tion; 2) its progress during the first three years; 3) 
rationale resulting in updating the Davis Workshop; 
4) the progress since then; 5) appraisal of the future 
technical scope up to 1991; and 6) the topics jointly 
recommended at the high level panel meetings. 
Workshop topics included nitrogen fertilizer use ef-
ficiency, molecular biology of BNF, Azolla and Blue-
green Algae, and Biological Nitrogen Fixation in 
legume/rhizobia systems. 

Rodale Workshop Presentation 

A NifTAL microbiologist participated in a 
workshop (October 13-15, 1988) on "Methodologies 
for screening legume germplasm for use in soil im-
provement" organized by the Rodale Research Cen-
ter, Pennsylvania. He made a presentation entitled 
"Rhizobial Requirements of Some Underexploited 
Legumes." 

the Philippines, July 10 -11, 1989. The workshop, 
Biological Nitrogen Fixation (BNF) on Legumes, 
was held at the Philippine Council for Agriculture, 
Forestry and Natural Resources Research and 
Development (PCARRD) Headquarters, Los 
Banos, Laguna, Philippines. Dr. Singleton presented 
a paper on Assessing the need for inoculants: 
Promising Technologies that Remove the Site 
Specific Nature of Inoculant Trials. 

The purpose of the workshop was to assemble 
local and international scientists in order to assess 
the state-of-the-art on BNF and identify research 
and development activities as well as institutional 
and economic constraints in implementing BNF tech
nologies at the farm level. 

BNF Technology Workshop for PVOs 
and Peace Corps 

The NifTAL Project followed up a one-day semi
nar in May designed to introduce BNF Biotechnol
ogy to Private Voluntary Organization (PVO) and 
Peace Crops workers with a 2-week technical 
workshop held at NiITAL's Maui headquarters from 
October 24 through November 4. Fifteen par
ticipants representing the Peace Corps and PVOs-
Africare, Agriculture Cooperative Development In
ternational, CARE, Catholic Relief Services, Oppor
tunities Industrialization Center International, Inc,
Pan American Development Corporation, Save The 
Children, and World Vision. They shared their uni
que expertise in this interactive training. 

This workshop, designed especially for PVOs 
and Peace Corps, followed the BNF process from 
theoretical information through microbiological 
laboratory and field techniques to inoculant produc
tion and, finally, to potential application of the tech
nology in the farmer's field. Participants gained 
knowledge through lectures, practicums, demonstra
tions, field trips, and discussion groups. 
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About the Participants 
Joseph Wilner Mix, Project Manager, Haiti, Save The Children
 
Onar Jadallsh, Project Manager, Jordan, Catholic Relief
 
Service 
Scott Josiah, Nursery Specialist, Haiti, Pan American Develop
ment Foundation 
John Michael Kramer, Director, Agriculture and Natural 
Resources, CARE 
Julia Morris, Associate Peace Corps Director, Mali, Peace 
Corps 
Nathan Pagasura, Associate Regional Peace Corps Director, 
Region 8, Philippines, Peace Corps 
John Preissng, Project Manager, Catholic Relief Services, Peru 
Tanay Rema, Field Manager, World Vision Relief and Develop. 
ment Inc, Bangladesh 
Suzanne Rucker, Director of Information, Agricultural 
Cooperative Development International 
Gandhi Selvanalum, Agricultural Training Specialist, Oppor
tunities Industrialization Center International, Inc. 
Henry Taylor-Cline, Program Advisor, Togo, Opportunities 
Industrialization Centers International, Inc. 
liberto Ugalde, Associate Peace Corps Director, Costa Rica, Remko Vonk, Care, and Julia Morris, Peace Corps, discuss 

Peace Corps the growth pouch authentication technique.
Remko Vonk, Assistant Director, Agriculture and Natural 
Resources, CARE 
Robert Wilson, Rural Development Specialist, Africare 
James Worstell, Technical Advisor, Save the Children 

!A 

Peace Corps and PVO development workers and NIfTAL scientific staff members. 
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Y.D.GaurTraining 
Dr. Y. D. Gaur, a research scientist from Indian 

Agricultural Research Institute, New Delhi, col
laborates with NifTAL as part of the INDO/US STI 
Project. While at NifTAL he worked with H. Hoben 
on the production of antibodies against serologically 
recalcitrant strains of Rhizobium sp. of chickpea. The 
research was designed to provide a research tool for 
the identification of efficient nitrogen fixers. Good 
quality antisera are required to monitor these rhizobial 
populations and thus assess their performance under 
different environmental conditions. 

S. V. Hegde 
Dr. S.V. Hegde, Indian Agricultural Research In

stitute, Bangalore, is another Indian scientist collaborat
ing in the INDO/US STI Program. During his stay he 
initiated studies on the survival of rhizobia in different 
inoculant carriers. He is also a WREN collaborator 
and has collaborated in other studies on rhizobial 

" populations in different soils of India. 

Eui Ho Park 

The heart of NifTAL's training program Ishands on experiential Dr. Eui Ho Park, a plant breeder from Gyungnam
learning by course participants. Pictured here are Banyong do, Korea, participated in research on strain-host 
Toomson (foreground) and Nora Armones practicing inoculating regulation using the split-root techniques developed at 
a laboratory scale fermentor. NilTAL. He also worked with hybrids of the nitrogen 

fixing tree Leucaena. The hybrids were tested for 
Inoculant Production Training nodulation with a number of different rhizobial strains. 

Course Held in Bangkok His work resulted in an increased knowledge about 
this useful fast growing tree. Dr. Park was sponsored byhis government. 

The NiITAL BNF Resource Center organized a 

training course in inocualnt production with support F. B. Holl 
from the Department of Agriculture, Thailand, 
FAO, and NifrAL. Sixteen participants - two each Dr. Hell, Associate Professor, Department of 
from Bangladesh, Indonesia, Lao PDR, Nepal, Plant Science, University of British Columbia, Van-
Philippines, Sri Lanka, Thailand and Vietnam - at- couver, Canada, conducted research. He par
tended the course which was held from March 6-31, ticipated in the PVO Workshop (October
1989. November) and presented a talk on genetic en

gineering for BNF to the session on specificity andThe objective of this course, "BNF Technology promiscuity in the legume/tRhizobium symbiosis. 
and Inoculant Utilization," was to train young scien
tists in the member countries to be able to handle Holl's research results implied that oxygen supp
rhizobial inoculant properly, so that they can adapt ly and nodule 02 tension are critical factors in the 
the use of inoculant effectively in their countries, regulation of specific nodule activity. His research at 

NiITAL described a significant host x strain interac
tion for N2 fixation activity in interspecific hybrids of

Visiting Scientist Program Phaseolusacutifolius and P.vulgaris. These parental 

species both lack the common nodule leghemoglobin 
Visiting scientists working at NifTAL Head- (Lb) heterogeneity observed in most other species. 

quarters during 1988 were Ui Ho Park (Korea), Y. The key role of this protein in nodule oxygen metabo-
D. Guar and S. V. Hegde (India), and Brian Holl lism in the interspecific hybrids to evaluate Lb 
(Canada). Intern trainees were Ui Gwm Kang variability in relation to the symbiotic response is an 
(Korea), and Nwe Nwe Aung (Burma). area for future research. 
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Intern Trainees 

Ui Gwm Kang 
Mr. Ui Gwm Kang from South Korea was an in-

tern trainee from January to November 1988. He 
was from the Yeong Nam Crop Experiment Station,
Milyang. Mr. Ui Gwm worked on the symbiotic and 
ecological characteristics ofBradyrhizobium 
japonicum in native Korean soils. His program was 
supported by the Korean government. 

Nwe Nwe Aung inoculates aNifTAL.designed 
fermentor with rhizoblal culture. 

Nui Nui Aung 
Ms. Nui Nui Aung was an intern trainee from 

January to March 1988. She is from Burma and was 
sponsored by the Food and Agricultural Organiza
tion of the United Nations (FAO). During her train
ing at the NITAL Project, Ms. Aung was involved in 
a research project investigating the use of vegetable 
and other oils as adhesives for seed inoculation using 
peat-based inoculants on chickpea, peanut, 
soybeans, and beans. 

Graduate Students 

One graduate student, Thomas George, com
pleted his work at NifTAL in December. Continuing 
their work are Janice Thies, Dan Turk, Paul 
Woomer, and Maria Luz Caces. 

Doctoral candidates Thies and Woomer are 
working on a project designed to develop a database 
to predict legume response to inoculation based on 
soil rhizobial populations and soil N availability, 
Caces is researching the competition of rhizobia for 
nodule occupancy. Dan Turk, a Master's Degree 
candidate, has been completing his coursework 
requirements on the Manoa campus. 

Thomas George 
Dr. George completed his Ph.D. in Agronomy in 

December. The title of his dissertation is "Growth and 
Yield Responses of Glycine may and Phaseolusvulgads
to Mode of Nitrogen Nutrition and Temperature Chan
ges with Elevation." This research was conducted at 
three sites along an elevational transect within the
MauiNet (Maui soil, climate, and land use network). 

In mid-year, Dr. George received the Potash and 
Phosphate Institute's J. Fielding Reed Fellowship 
award for outstanding graduate research. He received 
a certificate and a monetary award. 

A paper entitled "Yield, Soil Nutrition Uptake, 
and Nitrogen fixation by Soybean from Four Maturity 
groups grown at Three Elevations" was published in 
Agronomy Journal. Three other papers are in process 
or have been submitted. The subjects of these papers 
are temperature and nitrogen effects on phenology of 
soybean, growth responses of soybean and common 
bean to elevation and mode of nitrogen nutrition, and 
the relationship between nitrogen assimilation charac
teristics and nitrogen fixation in soybean and common 
bean. Dr. George attended the annual meeting of the 
American Society ofAgronomy where he presented a 
paper on the contrasting pattern of nitrogen assimila
tion between soybean and common bean. 

Thomas George 

Paul Woomer 
Paul Woomer's dissertation research concerns 

the development of predictive models of rhizobial 
survival based on measurable environmental 
parameters. The soil and climatic diversity of Maui 
is being used as a research tool through the introduc
tion of 18 elite strains of rhizobia into 18 field sites. 
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The persistence of the rhizobia was monitored for 
two years. This persistence was compared across a 
comprehensive database describing the sites. Mr. 
Woomer will complete his studies by May 1990. 

During 1988, Mr. Woomer published two ar-
tides in the Journal of Applied and Environmental 
Microbiology. The first, "Ecological Indicators of 
Native Rhizobia in Tropical Soils" (June, 1988), al-
lows for the prediction of the population size of in-
digenous rhizobia in soils. The second, "Reliability 
of the Most-Probable-Number Technique for 
Enumerating Rhizobia in Tropical Soils" (July, 
1988), demonstrates that plant infection counts of 
rhizobia may be compared across soils but not al
ways across legume hosts. 

Mr. Woomer attended three conferences in
1988. He coauthored apaper with Dr.B.Bohlool 


and Ms. J. Thies "The importance of soil charac-
terization in studies of Rhizobium ecology," for the 
meeting of the Western Regional Cooperative Soil 
Survey Conference (Kahului, Maui, June 1988). He 
coauthored a chapter in the special ASA/CSSA/ 
SSSA "The Persistence of Forage Legumes" with B. 
Bohlool; this work was presented at the Trilateral 
Conference on Problems with Forage Legume Pesis
tence (Honolulu, HI, July, 1988). At the American 
Society of Agronomy meetings (Anaheim, CA, 
November 1988), he presented two papers, "The 
Most-Probable-Number Enumeration System 
(MPNES)" and "Selecting Rhizobia for Persistence 
in Tropical Soils." 

Mr. Woomer is the coauthor of the Most Prob
able Number Enumeration System, a computer 
software program useful in the enumeration of 
microorganisms in soils, foods, and water. This pro
gram was distributed during 1988 throughout the 
private sector, research laboratories, and regulatory 
agencies. 

Dan Turk 
New master's degree candidate, Dan Turk, 

joined the NifTAL Project beginning in the fall 
semester. He is currently attending classes at the 

Manoa Campus. The course work section of his pro
gram concludes in Spring 1989 after which he will be 
conducting research at NilTAL Headquarters on 
Maui. Immediately prior to coming to NitTAL, Mr. 
Turk was involved in agroforestry programs in Zaire. 
His research will address rhizobial requirements in 
the symbiosis of several promising multi-purpose 
leguminous trees. 
Janice Thies 

Doctoral candidate Janice Thies continues work 
on a project designed to develop a database to 
predict legume response to rhizobial inoculation. 
The lost two of eight field experiments necessary for 
development of predictive models were completed in 
1988. All field experimental data have been sum
marized and analyzed. Preliminary response models 
were developed using multiple regression analysis. 
The models incorporate measures of soil rhizobial 
populations and soil N availability as the primary 
predictors of inoculation response. 

During the PVO workshop, Thies presented two 
lectures entitled "Basic Philosophies of Experimen
tal Design and Sampling" and "The Importance of 
Native Rhizobia on Legume Performance." 

She completed the first half of her teaching re

quirements during the fall 1988 semester by instruct
ing the Microbiology 130 laboratory and presenting 
class lectures at Maui Community College.
 

In 1988, Ms. Thies produced a special work un
precedented by any other NitTAL graduate student. 
This special work is her daughter known as Anneliese 
and she was born April 3. 

Janice Thies 
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Maria Luz Caces 
Ms. Caces dissertation research project deals 

with the study of competition among Rhizobium 
leguminosarumbv.phaseolistrains for nodule oc-
cupancy. In the first quarter, she finished charac-
terizing six strains for their competitiveness and 
effectiveness on several Phaseolusvulgads (common 
bean) cultivars. These strains were also charac
terized for plasmid content, intrinsic antibiotic resis-
tance, and periplasmic protein pattern. Strain TAL 
182 was selected as the most promising strain for 
genetic manipulation because it is highly competitive
and effective. 

In June, Caces traveled to Cold Spring Harbor 
Laboratory on partial NifTAL support to take the 
"Advanced Bacterial Genetics" course where she 
was trained in molecular b logy techniques. She 
submitted the first draft of her research proposal on 
the "Isolation and Characterization of Competition
Defective Mutants of Rhizobium leguminosarumby. 
phaseoli." For the last quarter of the year, Caces 
generated a collection of TAL 182 transposon 
mutants for screening of their competitive ability in a 
plant assay. 

Luz Case
 

Distinguished Visitors 

Among the many visitors to the NifTAL Project 
were the following: 

David Coleman, University of Georgia, USA 

Hsii Ho Ching, Taiwan Forestry Research Institute, 
Taiwan Dunstan Spencer, IITA, Ibadan, Nigeria 

Clive Ronson, Cambridge, MD, USA 
Bill Lowther, Ministry ofAgriculture, New Zealand 

K. S.Bhatia, N. K. Verma, M. Saleem, R. S.Dhanda,
K.S. Bangarwa, and M. P. Diwakar, India 
Carl-Goran Heden, MIRCEN/Stockholm 

R. Senaratne, University of Ruhuna, Sri Lanka
 
Ed Appelbaum, Agrigenetics, USA
 

Saono Susono, Dept. of Agriculture, Indonesia 

Perry Olsen, Canada 

Ron Gollehan and Donald Crane, Agricultural 
Cooperatives Development International, USA 
Charles Kabuga, Uganda Cooperative Alliance, 
Uganda 

Nasir Malik, Battelle Corp., USA 

U Siang Uk, U Thaung Tin, Burma 

Philip Dovo, Assistant Director of Agriculture for 
Vananatu 

T. Yokoyama, TARC, Japan 

Patrick Flanagan, Central Michigan University, USA 

Marianne Sarrantonio, Rodale Research Center, 
USA 

K. A. Ronaweera, P. B. Rombukuela, B. Palarajah, 
B.A.S.S. Padmalal, Sri Lanka 

Soroso Sindhoesarajo, SFCDP-USAID, Indonesia 

Tin Hla, Tun H. Laing, Myat Twe, Burma 

Dawn Koetkott, University of North Dakota, USA 
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prolmhe nature of the legume Rpiobiton symbiosis
provides the basis to develop a diverse and rich pro

gram of basic and applied research. There are few 
aspects of agriculture that are as economically impor
tant and intellectually challenging as this symbiosis. 
The challenge for the research program at NiiTAL is to 

rjidentify, among thme e of potential research 
projects, problems whose resolution will be of near 

:::+ term benefit to farmers, extension workers, and scien

tists working to increase agricultural productivity in the 
tropics. NiTAL2s mandate for research is neither com
modity nor regionally oriented. As such, emphasis is 
placed on research problems which address general 
principles of the symbiosis and whichtde havb eap
plicability. 

Although sophisticated techniques, hypotheses,and terminology frequently characterize research at 
NifTAL, there is a sound justification for the projects; 

....:... ?+i:. ; + :, ,a + . justification that involves realistic consideration of 
, --- ' .d problems that limit the full exploitation of the symbiosis

' I 'by farmers in the tropics. 

tNiTAL is a small project that can address only a 
fraction of the research the legume/rhizobia symbiosis 

to fully understand this complex system. The 5requires4 Project has made an effort to identify research areas
 
l !i
' , .%for which there is a comparative advantage. To imple

/,!! meit the research program, the resources have been or
+' : m"i! iganized into three objectives concentrating on a
 

' research area: 1) environmental constraints to the per
l ! ii formance of rhizobia; 2)host-strain interactions; and 3) 

!t | inoculant technology development. This management 
approach has encouraged cooperation and integration 

A tof projects. The end result will be to produce more 
;' significant research results. This report includes infor

.......... -" ation gained from projects in the three areas listed 
• ;: iabove, plus a 4th section on collaborative research. 
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Environmental Constraints to Enhanced
 
BNF
 

The presenceofenironmenta constraintsto BNF is 
almost universalinfarmers'fields.Any envonmental 
stress acting on any of the complex processes of the 
symbiosis will result in reducedamountsofN2fxation 
andyield. The effects of soil stresses such as low P 
fertility, salinity,drough4 and acidity can directly affect 
rhizobiain thesoi4in inoculants,oratinfectionsiteson 
plantroots. These same stresses also may affect root 
growth, susceptibility of infection sites, and plant
photosyntheticcapacitywhich reducesenergysourcesforthe reduction of N2 in root nodules, 

Environmentalstressmayalsocome in theform ofother 
microorganisms competingfor resources on the root 
surfaceandcompetingfor infectionsites at the expense
of our selected, highly efficient strains. Even soil N 

availabilitymay be considereda stress upon the sym
biosis since the assimilationof mineral N substitutes 
directlyfor fired N and legume culture can therefore 
depletesoilsofN undercetaincircumstances. 
Understanding environmental impacts on all co-
Underst environenIs s to all m

ponb ts an e opig anprerequisatetoidentifying
problems and dereloping management strategies for 
their solution at the farm level. The highly integrated 
natureofthesymbiosisand complexity of environmentalfactors affecting the symbioses requires developing amultifaceted research agenda. Developing models 
which quantitatively describethe impactof various en
vironmental and management factors on the perfor
mance oflegumes is one way to make datamore useful 
acrossmany environments. 

The field layout is critical in experiments. This field clearly shows the difference between legume type and 
experimental treatment. 
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Critical Stages in Rhizobial Ecology 
Failure to 
Persist inSoil 

Environmental 
Stresses Limit 
Nodule Functio 

Ineffective . 
Symbiosis Milestone Events -

Host
 
Factors\
 

hizobia/Host 

Incompatibilities 

> Constraints to Maximal nvironmental Stresses 
Reduce Nodule umberBenefit from Symbiosis 

This conceptualization of the critical stages in rhizoblal ecology simplifies the complex elements that need 
to be understood to take full advantage of the legume/rhizobla symbiosis. 

Rhizoblal ecology In tropical pasture 
systems 

An important benefit derived from the presence 
of legumes in pasture systems is the N contributed 
through BNF. The success of the root nodule sym-
biosis in many pasture systems is largely dependent 
on the ability of rhizobia to persist in fallow soils and 
within the rhizospheres of non-host plants. Such fac-
tors as moisture stress, high temperatures and soil 
chemical factors such as low pH and the accompany-
ing toxic levels of aluminum, iron or manganese all 
contribute to the fate of rhizobia in soils. A greater 
understanding of the ecology of rhizobia in soil will 
contribute to better utilization of the legume 
symbiosis in pasture improvement efforts, 

We have studied the ecology of rhizobia in the 
diverse climates and vegetation of Maui, Hawaii. 
Many of the sites represent predominant tropical sys
tems including short and tall grass savannas, and 
upland and lowland grassy pastures. The population 
size of the rhizobia in the soils and rhizospheres of 
these pastures is correlated with environmental fac
tors. The importance of the legume component on 
rhizobial population is established. The frequency of 
observing both associated legumes and rhizobia at a 
site is .94. The density of legumes correlates sig
nificantly with the density of rhizobia in soils. Con
ceptual and regression models were derived which 
predict the population size of rhizobia in tropical 
pasture systems and which describe the environmen
tal influences on native and introduced rhizobia in 
the soil supporting host and non-host swards. 
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Selection of rhizobla for persistence In Dispersal of Introduced rhizobla In 
tropical soils tropical soils 

Rhizobia known to be highly effective on their The ability to predict the movement of introducedappropriate hosts were introduced into diverse tropi- microorganisms in soils allows for greater undercal soils and the population monitored for 12 standing of the environmental impact following themonths. Once released into the environment, the in- release of these organisms. This study was conductedtroduced populations rapidly declined until survival to measure the rate of dispersal of introduced Bradyrequilibrium was achieved. The microbial densities of hizobium japonicurnand Rhizobium sp. (Leucaenaindividual strains at survival equilibrium were related leucocephala) under a range of soil conditions. 
to the properties of the soil, ranging between < 3 to Rhizobial species were released into four soils at the
31,000 cells/g of soil. Individual strains within a 
rhizobial species were shown to be better adapted to 
specific stressful environments. 

Selection of inoculant rhizobla 

torrid (3) fertile (9) weathered (5) 
. japonicum Z5USDA 110 * -* -.
 

USDA 138 ** *
 
CB 1809***
 

B. species 
Nitl76 A22 * - - - - -

TAL209 ****
 CIAT 71 * ' ,  ,2:> 

R?.species (Leucaena) 
TAL 82 ** -

CB 81

CIAT 1967 ** / 

* 25-99 cells/g soil after 1year '
 
*- >100 cells/g soil after 1year 0
 

introduction outnumbers indigenous rhizobla S 

There were significant genotype by environment 4 -.interactions between individual strains within a 
single environment and by the same strains in dif- 512
ferent environments. Regression models which -I 
predict the microbial density at survival equilibrium
for different rhizobial species and strains across a 
wide range of tropical soil conditions accounted for 
up to 69% of the observed variation. The resultsdescribe the ecological amplitudes of inoculant
qliet ezobica a lmay itubeused arg ttoft thseRate of dispersal (cm/day) of Introduced Bradyrhlzoblumquality rhizobia and may be used to target these iaonlcum as Influenced by annual precipitation, slope,rhizobia to specific environments, and the survival within the release site. 
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rate of 450,000 cells/spp./g soil. After 72 weeks, the Modelling the survival of Introduced
population sizes were measured using plant infection rhizobia in soils 
techniques along transects which accounted for
 
slope, wind direction and distance from the original

release site. The rates ofdispersal ranged between 0 Assessment of the environmental impact ofand 357 cm/yr, depending on soil conditions, released microorganisms requires the ability to 

predict their fate based on measurable ecological
parameters. A 2-year study was conducted to follow

Slope had the most important influence on the the survival of 18 strains belonging to six species ofdispersal of the introduced rhizobia. Other control- Rhizobium andBradyrhizobium introduced into 18ling factors include the size of the source population diverse field sites on the island of Maui, Hawaii.

and mean annual rainfall (mm/yr).
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Peat-based inoculant was applied at the rate of 1.5 x 

105 cells/strain/g soil. The survival of the bacterial 

species was monitored using plant-infection proce-

dures; specific strains were follo', ed by serotyping 

the resulting root nodules. The sites were kept fal-

low for the duration of the experiment. Populations

of introduced rhizobia underwent a rapid decline 

upon release, followed by either survival equilibrium 

or complete disappearance depending on strain 

and/or site characteristics, 


The survival of B.japonicum,R. trifolii,and 

Rhizobium sp. (Leucaena) over time were analyzed 

using non-linear regression techniques. 


The Mitscherlich model, y = A + 

[B*Exp(C*time)], described the populations over time 

with the greatest frequency where A = the popula-

tion size of the introduced rhizobia at survival equi-

librium; B = the size of the released population (the 

increase above A at time 0); and C = the kinetic 

decline constant. When the values of the coefficients 

A and C were regressed against a data set which 

describes the soil, climatic, and biotic characteristics 

of the sites, components of the environment which 

co-vary significantly with the Mitscherlich coeffi-

cients were identified. 


These results provide a useful model for assess-ton 

ing survival kinetics of introduced microorganisms in 

soils and identifying the key components of the soil 

environment which influence survival of specific 

bacteria. 


Phosphorus management and soil 

nitrogen dynamics In a P fixing 


tropical Ultisol 


The following figure shows how nitrogen fixation 
and soil N uptake by soybean varied with P manage-
ment. Soil N uptake by this crop was insensitive to P 
management while nitrogen fixation was increased 
significantly with improved P fertility. Under condi-
tions of low P fertility, therefore, N from soil resour-
ces formed a much larger proportion of total crop N 
than when P was applied. Only when nitrogen fixa-
tion was enhanced with P fertilization did the N 
balance of the system approach a positive value. 

Large areas of the tropics have highly weathered 
infertile soils. A major constraint to crop produc-
tivity is low phosphorus availability. The problem is 
compounded since these soils are not only low in P 
but the use of phosphatic fertilizers is often made in-

efficient. Many tropical soils adsorb P so strongly 
that applied P becomes relatively unavailable to the 
plant. Understanding how the farmer may derive 
the greatest benefit from his investment in P resoar
ces is therefore extremely important. 

While legumes derive their N requirements from 
the atmosphere, they still must exploit soil resources 
for other essential elements. Nitrogen fixation by 
legumes would be limited without adequate amounts 

of these essential nutrients. Although nitrogen fixa
tion by legumes is a low input technology and a 
necessary component to sustainable agriculture, the 
symbiosis must be managed efficiently if its full 
benefit to the crop system is to be realized. NilTAL, 
in collaboration with the University of Hawaii 
IBSNAT Project and the University of California, 
Davis, Department of Agronomy and Range Scien
ces, has initiated a research program to examine the 
effect of the interaction between P management and 
inoculation on N and P input-output models in a 
crop system. This multiple year study will develop 
response surfaces for crop yield in terms of P ap
plication and nitrogen fixation. The dynamic proces
ses of both P and N availability in the soil and fate of 
soil organic matter will be monitored. Results will in
dicateresomeu of the necessarylg managementld interven-oled ossai mey nd 
tions required to sustain legume yield and soil 
productivity in these problem soils. The approach 
may have implications for defining strategies in 
general to sustain yields in soils that become more in
tensely cropped over time. 

Eft of P on N2 Fixation ad Soil NUptak by,%ybean 
at Kuiaha 
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Data of soil organic matter, organic P and N, and ex
tractable P are being collected and will provide addi
tional insight on how management and nitrogen 
fixation affect the sustainability of soil fertility. 
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Influence of temperature and applied nodule occupancy of the three strains. In soybean,nitrogen on rhizosphere colonization, strain TAL 102 (USDA 110) occupied the majorityof the nodules, while strain TAL 379 (USDA 138)
nodulation and competition by was the least competitive in nodule formation inall 

different rhizobial strains on field- treatments. In common bean, TAL 182 outcom
grown soybean and common bean peted the other two strains in nodule formationwhile TAL 1797 (CIAT 899) formed the least num

ber of nodules. Nitrogen application and site loca-Soybean (Glycine mar (L.) Merrill) and com- tion had a significant influence on nodule number mon bean (Phaseolusvulgaris L.) inoculated with and mass for both legumes. This work was done in
peat-based rhizobia, were grown with three nitrogen collaboration with Robert Abaidoo of Ghana wholevels at 320m and 1050m sites along an elevational spent a year at NilTAL on an International Atomic 
transect on the island of Maui. Energy Agency (IAEA) Fellowship. 

Site differences and nitrogen treatment had no 
significant effect on rhizosphere colonization or 

" ]
 

Robert Abaldoo examines soybean roots. The nodulation Inthe plant at right provided sufficient nitrogen 
for an abundance of seed pods. 
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Biological Constraints to Maximal Benefit
 
from Legume Symbiosis
 

The basics of understandingwhy rhizobia does not 
necessarily increase legume effcicncy is found in the 
complex relationshipbetween the legume host and the 
rhizobia themselws. Over theyears, NifTAL scientists 
have studied these relationships,using field trials, 
laboratoryandgreen house studies,andmost recently 
biotechnologicaland genetic techniques. Some other 
excitnganduseful techniquesusehydroponicsandsplit 
rootsystems to bettercontrol the experimental variables. 

Matching the right rhizobla with the right host yields vigorous plant growth. 

Predictinga responseto inoculation orunderstanding 
why differentelements increaseorinhibitnodulationis 
alsoapartof understandingthis relationship. 

Although the specifics of host-straininteraction which 
ultimatelydetermine thepotentialofthesymbiosisisnot 
well understoo4 this ercitingareaofresearchholds the 
promisethat eventuallyfarmerswill be able to enhance 
BNFintheirfieldsandtherebyincreasecropproduction. 

High temperature effects on symbiotic
 
plasmids in peat inoculants
 

Symbiotic genes for nodulation and nitrogen 
fixation are harbored on the symbiotic plasmids of 
many Rhizobium sp. Without the physical presence 
of the symbiotic plasmid, the Rhizobium will not 
nodulate the host legume. The influence of high 
temperature and moisture stress on the symbiotic 
plasmids of Rhizobium sp. was investigated with 
strains carrying Tn5 insertions. Analysis by agarose 
electrophoresis showed that Rhizobium sp. do not 
physically lose their symbiotic plasmids in peat in
oculants exposed to high temperatures and moisture 
stress. 

Genus-specific microbial regulation of 
leghemoglobin (Lb) expression In root 

nodules of Interspecific hybrids of 
Phaseolus 

Analysis of the nodule Lb electrophoretic 
profiles of seven interspecific hybrids showed the ex
pected Lbs and Lbf pattern for five of the hybrids. 
Lines H/4 and H/5 expressed only the Lbf form, con
firming the suggestion that these lines might be 
diploid and not true hybrids (L. Lewinson, personal 
communication). Hybrid H/7 was selected for more 
detailed analysis as it was the most inbred of thehybrids for which seed was available. 
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Occupancy of individual root nodules of 2. acutmou, p. Vuigaris and their Data for the mbre detailed analysis of HR in a
interspecific hybrid (H/7) Inoculated with B. Igumlnoruim by. ph'aw1 small pot experiment and using the split-root system(TALl82) or Draldyrizabiim sp1. (TAL644) atone end in mixtures.
 

_ so. alne ad Inmixtres.are
_u 
or_ displayed in the figures at left. The hybrid con

tains the genetic information to synthesize both Lbs 
Nodule source and Lbf. When exposed to TAL 644 alone, H/7 

2. acuPifollu 2. vulgara Hybrid H/7 responds by producing predominantly Lbs 
Inoculated with: inoculated with: inoculated with: ("acutifolius" Lb) and a small amount of Lbf 

luorescent ("vulgaris" Lb). 
antibody 182 644 182+644 182 644 182+644 182 644 182+644 The presence of TAL 182 in the inoculating mix

ture, or on the opposite side of the split root system,
results in more uniform synthesis of both com-

TAL 182 -0 0b/5c 0/2 4/4 - 1/1 - 0/12 0/7 ponents and in some cases in production of higher 
TAL 644 -5/5 2/2 0/4 -0/1 - 12/12 7/7 amounts of Lbf depending upon the specific plant

and nodule analyzed. These data clearly suggest that 
the signal to turn on the Lb genes in the hybrid is in

no nodules fluenced by tbe infecting rhizobial strain and that, al-
C : number of nodule showing positive Immunofluorescence though the p, esence of rhizobial strain TAL 182 isrequired for full expression of the "vulgaris" Lb, the 
GENEALOGY OF E,SEQ. US INTERSPECIFIC HYBRIDS formation of a nodule by that strain is not required. 

Such an interaction attributes a greater role for theCrosses were originally produced at ClAT, Colombia and seed supplied to microbial component of the symbiosis in Lb gene ex
the NIfTAL Project by L Lewinson. The pedigree shown below was pression than has previously been demonstrated. 
developed by Intormation supplied by L Lewinson with the seed. Hybrid H/7 
was the primary seed source used In the analyses reported in this This system provides unique experimental materialcommunication, for the continuing analysis of Lb gene expression. 

2. cuti x - 2. Mai1 This work was done by visiting scientist Brian 

COLCaiCIS =DOUBLING IHoll of the University of British Colombia, Canada. 

Cc: FERTILE ALLOTETRAPLO D 

SELF POLLINATION (SP) 

C: SINGLE PLANT 

(SP) The Rhizoblum requirements of 
C2 C2 C2 . ... Gliricidla seplum - a fast growing 

(SP) (SP) (SP) ) (P) nitrogen fixing tree legumec,:.,sI c=H/2 ic
Csp)

,c 3-=isp) i CH G. sepium is a fast growing nitrogen-fixing tree 
i4e - [ _/_1 legume. This species is presently receiving much at-

C I4 tention because of its high potential in reforestation 
(SP) sP) and alley cropping. In many tropical countries, this 

H/7 c5= H/S species is fast replacing Leucaenaleucocephalabe
cause unlike L. leucocephala,G. sepium is resistant 
to psyllid attack. Recent work done at NifTAL onNodules used for Lb profile analysis were typed the rhizobial requirements of G.sepium indicated

for strain occupancy using the fluorescent antibody that it is nodulated effectively by fast-growing
technique. The accompanying table summarizes that Rhizobium spp. from L. leucocephala,Acaciapen
data which clearly shows that the specificity of the natula Pithocellobiumdulce, Prosopispallida,and 
two parental lines for their strain requirement in Caiiandracallothyrsus. Several effective strains of
these combinations and that the hybrid (H/7) has in- Rhizobium have been identified as potential inocula
herited the susceptibility pattern of the P.acutifolius for inoculating G.sepium. 
parent. No instances of mixed infection were ob
served nor was there evidence for cross-inoculation These strains were tested on six provenances of
of the parental lines and strains throughout these ex- this tree legume. Results showed that the provenan
periments. ces differed significantly (p < 0.001) in their shoot 
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dry matter production and nodule dry weight. How-
ever, the strains ofRhizobium were significantly
(p = 0.01) different only for nodule dry weight. The 
provenance trial indicates that high yields of G. 

Gliricidia seplum tops and nodulated roots, 

sepium can be achieved by selecting provenances 
with high yield potential and inoculating them with 
effective strains of Rhizobium spp. In a follow up 
greenhouse experiment, G. sepi-m was tested for in-
oculation response in three tropical soils. G.sepium
responded to inoculation in one soil where native 
rhizobia for G. sepium were absent. Highly effective 
rhizobial strains have been identified for G. sepium 
and are presently being used to produce peat-base
inoculants to supply various projects and programs
experimenting with this promising fast growing tree. 

Multiple forms of glutamine 
synthetase In nodules of tropical 
legumes Inoculated with Brady-

rhizoblum spp. and Rhizobium spp. 

The profiles of glutamine synthetase (GS) ac-
tivity in the plant fraction of nodule extracts from 

tropical legumes, inoculated with either fast- or slow
growing rhizobia, were analyzed by non-denaturing
polyacrylamide gel electrophoresis. The 
electrophoretic mobility ofnodule GS was plant de
pendent but was virtually unaffected by the type of 
Rhizobium present in the nodules. Only Macro
plilium atropurpureum(DC.) Urb. nodule extracts 
displayed two distinct GS activity bands similar in 
electrophoretic mobility to those previously reported
in PhaseolusvulgarisL. nodules. Nodule extracts of 
Vigna unguiculata (L.) Walp. exhibited one major
and one minor band of GS activity. Incontrast,
nodule extracts of Glycine max (L.) Merr. and Ses
baniarostrata Brem displayed a single zone of GS ac
tivity. These experiments indicate that multiple GS 
activity bands in root nodules are not restricted to P. 
vugarisand P.lunatis L., but are probably of wide 
spread occurrence in legumes. 

Crop growth pattern and efficient 
nitrate assimilation: two factors that 
may constrain nitrogen fixation By 

Phaseolus vulgaris 

Phaseolus vulgaris or common bean is one of the 
world's most important legumes that is directly con
sumed by humans. Common bean is a major source 
of dietary protein for farmers and urban dwellers in
Latin America and the highlands of Africa and is 
gaining increased acceptance in Asia. Despite its 
desirability as a pulse, the common bean has - in the 
scientific community- a reputation for fixing low 
amounts of nitrogen. 

NifTAL has undertaken a comprehensive re
search program to evaluate mechanisms related to 
mineral N assimilation that condition the amount of 
N fixed by Phaseolus. Field experiments were con
ducted to evaluate the synchrony of demand for 
nitrogen (plant development and growth) and 
development of the symbiosis. These field experi
ments also compared the relative degree to which 
common bean and soybean relied on soil N to meet 
crop nitrogen requirements. Results obtained at
NiITAL and in the international experimental net
work indicated that Phaseohls may be more efficient 
at mineral Nassimilation than soybean. A com
panion set of experiments was designed which defini
tively identified efficient nitrate assimilation as a 
mechanism involved in reduced nitrogen fixation by 
Phaseohs. Results of this research provide informa
tion to plant breeders and agronomists with which to 
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develop strategies to enhance and fully exploit The slow rate of N assimilation by soybean during
nitrogen fixation by this important crop. Following the vegetative phase was followed by a period of 
are descriptions of the experiments, the results, and rapid N assimilation in the early reproductive phase
implications for improving Phaseolusyield. 	 (flowering and pod set) when 56% of the total N was 

assimilated in 24% of its total crop duration. 
Nitrogen fixation by soybean also reached a maxi
mum during the early reproductive phase, indicating 
the synchrony between peak crop N demand with 
peak N2-fixation. Isotopic analysis indicated that the 
early N demand of common bean was mostly met by 
soil N assimilation. The mineral N use efficiency of 
common bean was about two times higher than 
soybean at flowering indicating greater efficiency in 
soil N assimilation by common bean during early
growth; thereafter, mineral N use efficiencies were 
similar between the two legumes. Consistent with 
the higher mineral N use efficiency of common bean 
during vegetative growth, the extractable soil N was 
significantly lower in plots of common bean than 
soybean. Maximizing N derived from fixation in 
common bean may require altering its N assimilationPaul Slngleton and Thomas George are pleased with the characteristics through plant breeding.


growth of plants In this field experiment.
 

Relation between Nassimilation The Relationship Between Root Morphology
characteristics and N2 fixation by soybean and and Nitrate Assimilation by Phaseolus vulgaris
common bean and Glycine max. 

A field experiment was conducted to understand Results from field experiments indicated that

the relationship between crop N requirement, N as- under identical conditions common bean derived

similation characteristics, and N2 fixation by soybean more of total crop N from the soil than soybean. A 
and common bean. N requirement and soil N 	 series of solution culture experiments were designed

availability were manipulated by growing soybean to identify mechanisms that may be involved in this
 
and common bean at elevations of 320m and 1050m phenomena.

with mineral N application of 9, 120, or 900 kg N/ha.

Ammonium sulfate with an excess of 15N-isotope Inone experiment,both common bean and
 
was used as the mineral N source. N assimilation by soybean were grown insolutions with 0.00,0.05,0.10,

both legumes increased by 25% by application of 900 0.25, and 1.5 mM N 3 that were enriched with 15N.

kg N/ha compared to the 9 kg N/ha. On average, The 15N enrichment inthese controlled conditions
 
soybean assimilated 48% more N than common bean permitted aprecise measure of nitrogen tration by

and because of this, N assimilation by soybean the two species.The figure below demonstrates that
 
responded more to N application than common NO 3 had a more adverse effect on nitrogen fixation
 
bean. Soybean and common bean were found to by common bean than soybean. With only .05m
 
have distinct N assimilation patterns over time. On M NO 3 in solution nitrogen fixation by common
 
average 50% of the total N assimilated by common bean was reduced by 75% compared to the 0.00 con
bean occurred during vegetative growth, the period trol while soybean fixed more than 50% of its total
 
ofwhich accounted for 56% of its total crop dura- nitrogen at this N concentration. Phaseolusassimi
tion, indicating that growth and N assimilation were lated significantly more nitrogen than soybean from
 
proportional. 	 both symbiotic and mineral sources indicating that it 

is not low N demand that results in lower nitrogen 
fixation by Phaseolus in this growth system.
Measures ofspecific root length (root length perIn contrast, only 28% of its total N was assimi- unit root dry weight) indicate that common bean has

lated by soybean during its vegetative phase, a period a greater root surface area per unit of root than 
that accounted for 44% of its total crop duration, soybean. 
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Another experiment was conducted to measure 
the flux of NO 3 into the root of each species. Both 
species were grown in solutions of 0.05mM NO 3 at 
natural abundance levels of 15N then transferred to 
solutions with 99atm %15N for two hours. Results 
demonstrate that common bean assimilates NO 3 at 
five times the rate per unit root weight or per unit 
root length than soybean. Therefore under a con-
stant concentration of NO 3 Phaseolusassimilates 
mineral nitrogen more efficiently per unit carbon 
partitioned to roots than soybean. This phenomena 
provides scientists with at least one measurable 
mechanism affecting nitrogen fixation that can be 
considered when developing a strategy to improve 
nitrogen fixation by Phaseolusvulgaris.Increasing 
the dependence ofPhaseoluson symbiotic sources of 
nitrogen may not only enhance yields but reduce the 
depletion of soil nitrogen resources that can better 
benefit the yield of non-leguminous crops. 

Percet of Shoot Nitrogen from Fkation e-etermined 
by N. Isotope 
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Planting the delicate Phaseolus shoots. Thomas George (from left), Janice Thies, and Kevin Keane cushion shoots 
with cotton and suspend the root through floating styrofoam sheets into the nutrient solution. 
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Models for predicting legume 
response to rhizoblal inoculation 

Soil physicochemical constraints, climatic, and 
biological factors all condition plant response to in-
oculation. A 3-year study was undertaken to deter-
mine which environmental factors best predict 
locations where inoculation with rhizobia will result 
in increased crop yield. Field trials with nine legume 
species were planted under three N source regimes
(uninoculated, inoculated, and fertilizer N) at 5 
ecologically diverse sites on the Island of Maui, 
Hawaii. 

Site soils differed in N availability and numbers 
of indigenous rhizobia capable of nodulating the 
nine legumes. Inoculation response was measured 
as percent increase in grain yield, biomass, and N 
content of inoculated over uninoculated plants. Per
cent difference in yield between fertilized and 
uninoculated plants served to measure the soil N 
deficit for each legume species at each location. 
Non-nodulating soybeans planted at each site 
provided a biological measure of soil Navailability 
and allowed for the determination of N derived from 
nitrogen fixation. Increased nodule number and 
mass, and percent of nodules occupied by inoculant 
strains indicated success in inoculum establishment. 
Response to inoculation and nodule occupancy by in-
oculant strains were found to be inversely related to 
the number of indigenous rhizobia. As few as 50 
rhizobia/g soil attenuated or eliminated inoculation 
response. 

A minimum doubling in nodule mass and 66% 
nodule occupancy by inoculant strains were required 
to significantly increase yield of inoculated over 
uninoculated plants. These results provide a 
measure of the tremendous barrier to performance 
of inoculant strains that native rhizobia represent 
and emphasize the importance of evaluating native 
rhizobial population size as a part of any comprehen-
sive inoculation program. 

Mathematical models were subsequently 
developed which can predict the likelihood ofobtain-ing a yield response to rhizobial inoculation with 

high probability. Models couple indigenous
rhizobial population estimates with measures of soil 
N deficit, soil N availability, and N derived from N2 

fixation. While models based on the post-harvest
variables, soil N deficit and N derived from N2 fixa-
tion, are best correlated with actual yield increases 
due to inoculation (r = .90 and r = .96, respective-
ly), the model based on preplant estimates of soil Navailability also correlates well with inoculation 

response (r .83). This model has the added ad
vantage of being truly "predictive." These results 
demonstrate that the magnitude of the indigenous 
rhizobial population coupled with soil N availability
in relation to host demand for N are of primary im
portance as predictors of inoculation response. 
Measurement of these environmental variables 
should provide the predictive capability needed by
regional planners to help them decide whether 
rhizobial inoculant production facilities are required 
in a given region, where the facilities should be lo
cated, and what their production capacity should be. 
In this way, developed models may help to assess the 
financial feasibility of such projects by forecasting 
the possible return from investments. 

Regression Analysis of the Relationship between Indigenous 
0Rhzobial Population Size and Inoculation Response 
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Methodological Constraints to Better Under
standing of Legume/Rhizobia Association
 

Inoculant production technology is the heart of 
NifTAL's technologytransferprograman4 therefore,a 
criticalpart of our research efforts must go toward 
developing the most costeffective, reliable,andefficient 
processpossible. 

Appropriate,low andmedium-scaleproductionsystems 
havebeen developedandarebeingusedin severalloca-
tions, for instance, Butma, Pakistan, Sri Lanka, 
thoailan4andZambia. B4providingequpmentisnot 
the only task necessarto implement the technology, 
Pailof theprocess s learningthe most effective ways of 
workingwith rhizobia. 

This knowledge can be as sophisticatedas developing 
computerprograsr to accurately estimatenumbers of 

rhizobia in soilor as basicas developingtechniquesfor 
screeningrhizobiaby looking at the chlorophyllcontent 
ofleaves. The abilityto identify differerentrhizobiais a 
challengemet by identifyingandtestingsuitableserologi
cal andgeneticmethods. 

By continuingto test and improve our own inoculants, 
NifTALperfects itsabilitytomakerecommendationson 
themosteffective strainsforaparticularlegume.As wel; 
looking at different carriersfor rhizobia andadhesives 
forcoatingseedsprovidesalternativesthatmay be more 
appropriatein aparticularlocale. The ultimate goal 

then is toensurethateffective inoculantsareavailableto 
farmerson a localbasis. 

All rhizobla work begins with harvesting nodules from plant roots. Wendy Asano carefully removes nodules In 
preparation for counting, weighing, and serotyping. 
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Monoclonal antibody separation of B. 

japonicum serocluster 123 Into 
subgroups based on specific and 

shared somatic antigens 

Members of Serogroup 123 ofBradyrhizobium
japonicum are present in many soils of the soybean
growing regions if the U.S. and prevent establishment 
of more effective inoculum strains in nodules of 
soybeans grown in the field. This serogroup consists 
of a diverse group of strains known as Serocluster 
123, all of which react positively with polyclonal an-
tiserum against the type strain USDA 123. 
Monoclonal antibodies (MCAs) were developed 
against USDA strains 123, 127, 129, and PRC 83, all 
belonging to Serocluster 123. Eight MCAs, 71gM and 
1lgG, were selected because of their ability to identify 
specific and shared antigens on each of the strains. 
One MCA was specific for each of the immunizing
strains, and four reacted with two or more of them. A 
fluorescent antibody made with MCA specific against 
strain 123, reacted strongly with that strain and not 
with any of the others. Based on the pattern of 
radioimmunoassay reactivity with the 8 MCAs, we 
were able to group 99 isolates from diverse 
geographic regions into at least 20 groups and sub
groups. In this study, MCAs revealed a large degreeMCs reeald alarg 
of heterogeneity inSerocluster 123. This work was 
done incollaboration with Albert Benedict and Carla 
Mzumoto of the University of Hawaii and E. L.
Schmidt of the University of Minnesota. 
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Patterns of reactivity of 8 MCAs with 4 prototype strains used
immunization. 

USDA122 

USDA123 A USDA129 

USA2 VI RC 83 

Reaction of a nodule smear with MCA #8 FA-only about Mosaic of unique and shared somatic antigens of prototype
25% of the bacteroids stain, and of these, only 1/2 of each cell. strains in serocluster 123. 
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Production of antibodies against 
serologically recalcitrant strains of 

Rhizobium sp. of chickpea 

Several years ago, researchers noted that some 
strains of the chickpea rhizobia failed to elicit a satis-
factory immunological iesponse when injected into 
rabbits. Several attempts showed that this recal-
citrance to produce antibodies was strain specific 
and not due to animal variation. Since some of these 
strains are efficient N fixers, good quality antisera 
are required for ecological studies. The aspects of 
this research that are still continuing in collaboration 
with IRI scientists are: similarities in intrinsic an-
tibiotic resistances (IAR) between recalcitrant 
strains; immunoresponse based on different inocula-
tion schedules and antigen concentration; antibody
production response to mixed strain immunization; 
selecting alternative methods for antibody produc
tion; and examination of the immunogenicity of dif-
ferent cell fractions. 

Non-destructive chlorophyll assay for 
screening of strains of 

Bradyrhizobium japonicum 

Several direct and indirect methods of measur-
ing the rate and magnitude of nitrogen fixation are 
employed when strains of rhizobia are screened for 

effectiveness. The commonly used methods are dry 
matter production, plant color, total nitrogen con
tent, and nitrogenase enzyme assay by acetylenereduction. Recent investigations by NitTAL scien
tists demonstrated that the chlorophyll content of 
the leaves of the soybean plant was significantly cor
related to the nitrogen content of the leaves, and also 
other nitrogen fixation parameters such as nodule 
mass, dry matter production, and nitrogenase en
zyme activity in the nodules (see accompanying fig
ure and table). These results were observed in 
greenhouse and field grown soybean plants inocu
lated with soybean rhizobia of varying effectiveness 
or when fertilized with different levels of nitrogen 
fertilizer. 

The chlorophyll method was relatively easy to 
perform, economical, fast, non-destructive, and 
sensitive. 

Relationship between chlorophyll and shoot total N 
in42-day-old glasshouse-grown soybean plants grown 
with 5 different concentrations of N2. 

3

8 
ao-C3 

2 

@a 

rZ :076 
rO.83 

o 200 400 600 

Shoot tota N (mg per 2 ptonts) 

Coefficients of linear correlation (r)for chlorophyll contents, growth, nodulation, and nitrogen fixation characteristics of glasshouse
grown soybean as affected by Inoculation with strains of B.laooncurn of varied effectiveness. 

Shoot Shoot 
Traits Dry wt. total N 

Shoot total N 0.98 ---

Shoot N fixed 0.98 "** 1.00*** 
Nodule drywt.
TNA 

0.87'** 
0.92"** 

0.91** 
0.8600s 

SNA 0.5700 0.500 
Chlorophyll (a+b) 
mg 100cm 

2 0.89"** 0.88** 

Growth characteristics 

Shoot Nodule 
N fixed drywt. 
---..........
 

..........
 
0.91** .........
 
0.800*0 0.60*0 
0.17 NS 0.22 NS 
0.88** 0.85** 


Specific
Nitrogenase nitrogenase
activity activity 

......
 
0.69***
 
0.79*0 0.600 

S',**** Indicate simple correlation coefficients significant at 0.05, 0.01, and 0.001 levelsof probability.
NS Not Significant 
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Research Associate Bruce Martin performs a routine technique in which nodule smears are stained prior to identification of the rhizobial 
strain under a microscope. 

Serological methods suitable to 
assess the performance of rhizobia In 

developing countries 

The failure to increase yields through inocula-
tion does not always mean that there was inoculation 
failure. Without methods to monitor the success of 
rhizobia in forming nodules on the plant, erroneous 
conclusions concerning the benefits of inoculation 
can easily be reached. As research scientists and 
funding agencies become more sophisticated in 
evaluating the legume/rhizobia symbiosis from a
holistic perspective, they will require more precise in-
formation on the fate and success of rhizobia inthe 

Serological identification of strains of rhizobia is 
an important tool to follow the fate of rhizobia both 
in nature and in c:op systems. Many methods are 
available; each with their own set of uses and con-
straints. Many modern methods have great precision 

and flexibility of application but require sophisti
cated materials and equipment. One method that of
fers both sensitivity for detecting rhizobia andrelative simplicity of operation and material require
ment is the enzyme linked immunosorbent assay 
(ELISA). Recent advances with ELISA methods 
utilized rolid filter material as a binding substrate for 
the antigens and made these procedures even more 
suitable for laboratories not equipped with advanced 
equipment. These modifications of ELISA are 
called the immunoblot method. 

NifTAL is actively evaluating a variety of criti
cal reagents for their reliability and more important
ly their ability to withstand shipping in tropical
environments. The goals of this effort are threefold: 
1) provide information to research and industry
workers about the suitability of alternate material 
that may be more readily available; 2) develop an im
munoblot assay kit that can be used to standardize 
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procedures of a research network studying the ecol-
ogy of rhizobia; 3) develop an instructional tool to 
train scientists and industry workers in a practical
method to assess the performance of rhizobia in the 
field, 

Single vs. multistrain inoculants 

Both single- and multistrain peat inoculants are 
widely used for seed inoculation. We investigated 
strain effectiveness and competition for nodulation in 
single- and multistrain inoculated chickpea, dry bean 
and soybean grown in soils where N was available or 
immobilized by addition of bagasse. All three legumes 
showed no significant differences in shoot dry matter 
production to inoculation with single or multistrain in
oculation in a mollisol (Kehua series) where soil N 
was available. However, when soil N was immobilized, 
strain differences became more pronounced. The mul
tistrain inoculation was intermediate or as effective as 
the most effective single strain inoculation. In the mul
tistrain inoculation of chickpea and soybean but not in 
the dry bean, rhizobial strain competition patterns 
were altered by the N-status of the soil. In soybean, 
TAL 102 (USDA 110) was the most effective and com
petitive while in the dry bean it was TAL 182. In chick-
pea, TAL 480 was the most competitive when soil N 
was available, but all three strains were of similar com-
petitiveness when soil N was immobilized. In another 
low N mollisol (Waikoa series), inoculation of dry 
bean with a mixture containing equal numbers ofTAL 
182, Kim 5, CIAT 899, Viking 1and TAL 1383, 
showed no significant differences between the multi-
strain inoculant and single strain inoculation with 
TAL 182. TAL 182 was most competitve and formed
43.5% of the nodules. 

Most Probable Number Enumeration 

System (MPNES) 


The design of most probable number (MPN) ex
periments isrestricted by the availability and com
pleteness of tables for certain dilution ratio and 
replicate number combinations. The results from a 
computer program, the MPNES which generates solu
tions for population estimates and the confidence in
tervals (p = 0.05) of MPN data from plant infection 
counts are presented at right. Tables generated by
MPNES agreed with existing tables yet MPNES was 

able to generate other tables and discrete solutions 
for design combinations that have not been published.
MPNES was also used to generate population es
timates from fractional base dilution ratios that in
crease the accuracy of MPN estimates by decreasing 
the base dilution ratio, by increasing the number of 
replicates per dilution or by correcting for constantly 
inaccurate diluent volumes. The MPNES program 
also adjusted for inoculation volume and initial dilu
tion rates. In this way, MPN experiments were 
designed to better measure the organism of interest. 

Do you need a TABLE or an INDIVIDUAL MPH 
(T/I)? I 

INDIVIDUAL MPN 

Would you like to have your 

INDIVIDUAL MPH printed? 

(y/n)? Y 

Base of dilution ratio is?
 
Number of tubes per dilution is?
 

Options (y/n)? Y
 
Inoculation volume in ml's is? .5
 

Initial dilution is 1 to ? lo
 

Number of positive tubes at dilution level 1 is? 3 
Number of positive tubes at dilution level 2 is? 3 
Number of positive tubes at dilution level 3 is? 2 
Number of positive tubes at dilution level 4 is? 0 
Number of positive tubes at dilution level 5 is? 1
 
Number of positive tubes at dilution level 6 is? 0
 

Confidence factor: 2.745862 

3 3 2 0 1 0 

MPN= 191.1937 P(O.95)= 69.62978 - 524.9915
 

Do you want another MPN (y/n)? 

Atypical computer soreen printout from the MPNES program. 
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Oils as adhesive for seed inoculation shows the survival of rhizobia at 34°C. A significant 
and their influence on survival of finding in the experiment was the protective effect of 

Rhizobiumn and Bradyrhizoblum s peanut aid soybean oils on the survival of chickpea
rhizobia on inoculated seeds stored at that tempera
ture. The two oils were superior to gum arabic in

The most common method of inoculation is preserving larger numbers of viable rhizobia. The
 
seed coating with a carrier based inoculant. A stick- germination tests showed that oils had no adverse
 
er is required to cause the inoculant to adhere to the effect on seedling development and the plants tested

seed. Ideally, such a sticker must have good ad- in the greenhouse nodulated normally with no

hesion qualities, be non-toxic to the rhizobia and the difference between treatments.
 
seed, and prevent moisture loss in the rhizobia
 
through evaporation. Water, sugar, and gum arabic
 
have been used as sticker materials with various
 
levels of success. Vegetable oils have been shown to
 
protect against dessication of rhizobia when used 
 The L Sam=t." of sfdlcam of dos mama .vMaUa I
with lyophilized cultures in water-based carriers. lhianaiysksvasiancs.onheaur*W ofsayrbempean4
This study was conducted to assess several vegetable eN m,chickpea rbibla o Int.ulakd asd al at 34C. 
oils for their suitability as inoculant adhesives for 
seeds of various economically important legumes. Pldzobiaof

SoNmes Of
Presterilized seeds of soybean, peanut, chickpea, Variation df Soybean Peanut Bean Chikpea 

and bean were coated with various stickers including iepftko 2 NS NS NS NS 
water, gum arabic, mineral oil, peanut oil, and Adhaives (A) 4 ." 041 so* 
soybean oil and then inoculated with peat inoculants. Stone tim () 2 se so* so* 
Inoculated seeds were stored at 40C, 28°C, and 4°C AxT 8 NS NS NS 00 
for one, three, and nine days. Samples were counted ",0 de" %ot tyF-lue aignificant at0.01 and 0.0O7 Pf3 
by the spread plate method. Germination tests were leve Malemiel,. 
performed on all seeds stored for 3 days at 340C. NS Not cigiffuant at the 0.05 leel. 
Seeds of peanut and soybean were planted in 
Leonard jars after 3 days of storage at 340C to test 
for influence of sticker on nodulation. The experiment showed that oils have most of 

the qualities expected of a good adhesive for seed in-
Results showed that the oils can be used for in- oculation. They are reasonably sticky, inexpensive,

oculation of the legumes tested. Although the oil readily available, non-toxic to seed and microbe, and
bound fewer rhizobia to the seed, numbers were prevent dessication. These characteristics make oils
similar to those obtained by the gum arabic treat- uniquely suitable for application in developing
ments after 9 days of storage. This was especially countries where elevated temperatures are a prob
true at elevated temperatures. All sources of varia- lem and gum arabic cannot be considered because of 
tion were significant as shown in Table 1.Table 2 high cost. 

Takl 2 Inflummeof ahe am lmp daem dhie idl'hofdRialmlMm 3M Bdl 9a.onnixMn nca
ld sas of yarles k ne ueseed o34"C. 

eanDwba Peanut ChipesAdhesive Ida 3d 9d ld 3d 9d Id 3d 9d Id 3d 9d 
Gum arabic 5.88 5.18 3.69 5.85 5.37 5.06 6.10 5.53 4.73 5.83 4.75 2.73
Minewm d 5.62 4.99 3.82 5.44 4.91 3.84 5.48 5.26 4.54 54 5.00 3.6S
Peanut oil .64 5.19 3.39 4.62 4.49 3.10 5.40 4.89 4.04 6.20 5.62 4.43Soybean oil 5.39 5.03 3.58 4.22 3.47 2.10 5AI 4.87 4.42 6.32 5.57 3.86
Water 6.01 4.47 4.10 5.17 4.69 3.89 5.69 5A4 4.56 5.32 4.59 2.99
LSD (OA) 0.23 NS NS 0.75 0.40 0.32 0.34 0.34 NS 0_2S 0.24 0.41 
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Institutional Cooperation for Solving

Problems
 

Collabot've researc is.esentialpart ofthe effort to' 
get technolo to developing countryqamW. Three of 
the main reasons for this ae validating the technology, 
demonstrating the technolog, and encouraging in
count earch. Collaboration andcommunicationbe-
tween NiJTAL and overseas colleagues is required if 
N#TAL isto focus research on real problems faced by 
.armersindeveloping countries. 

By conducting joint projects, NifTAL researchers are 
able to test hypotheses and research findings ta have 
been experimentedupon at ourMaui headquaters. Al-
though we are able to use many variablesofclimate and 

soil Iype, collabotve projects validate our research 
under more realistic conditions. 
When eprients are done indeveloping countries,it
 

offers an excellentopportunity to display the benefits of 
inoculation to the researchersthemselves, educators,
agricultural department decision makers, extension 
workers, andfarmers. 

The opportunity of collaborative research brings the 
benefits ofBNF to theforefront of agricultural research 
programs,leads to continuingresearch andsupportfrom 
national institutions and influences decision makers to 
promote the use ofBNF technology. 

" . 

Consuelo Estevez Salazar of Equador was one of the 22 researchers who participated in the WREN 
(Worldwide R:izobial Ecology Network). She Ispictured with her growth pouch greenhouse experiment which 
was only one part of the comprehensive WREN study. 
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The Effect of Crop History and GKVK Campus in Bangalore, India, began a three-
Environment on Bradyrhizoblal year research program to evaluate how crop system,

Populations In Karnataka State, India management, and environment affect rhizobia. An 
initial survey was undertaken in two distinct agro
ecosystems that sampled four types of crop systems.
The crop systems varied in terms of the intensity andThe benefit from inoculating legumes isoften frequency of legume cultivation. Results of the

determined by the size of the native rhizobial popula- preliminary survey are shown in the figure.
tion. Recent results from research at NilTAL have 
added some precision to our understanding of how The average differences between the environ
environment determines the size and character of na- ments were not dramatic, however crop history had ative populations of rhizobia. large effect on the size of the bradyrhizobial popula

tion. Long term cultivation of non-legumes reduced 
Survival of inoculants in the crop system is ex- the populations to extremely low levels yet even one

tremely important to farmers. Once superior strains crop cycle increased the population size by many
are introduced, their persistence in the crop system magnitudes. The highly weathered and eroded soils
isadded insurance against inoculation failure. 	 of the upland intercrop systems also appeared to sup-NifITAL and the University ofAgricultural Sciences 	 port populations lower in number than sequential 

crop systems in the lowland areas. These results indi
cate the importance of crop system to the nature of
rhizobial populations and point to the need to collect 
additional data to develop a more precise under
standing of the interaction between crop system, en-

Effect of crop systems on numbers of Bradyrhizolbum sp. in vironment, and rhizobial populations.
 
two agroecosysten of KarnatakaSlate
 

# of rhizobia/g soil
 
Crop systems CM Years Shimoa Manf 
 Response to inoculation of soybean 

that nodulate with the indigenous 
Sequence Rice/lablab >6 1,950,542 rhizobia In African soils
Cropping 	 Rice/mix pulse >6 0 0 

Ragi/mix pulse >6 22 230,327 
Ragi/peanut >6 50 50 In cooperation with scientists at the University of 

Ghana, a project was developed to test the response 
Intercropping Ragi/lablab >6 66 199,044 to inoculation of a soybean that had been bred to 

Ragi/lablab >6 4,W55 197,74 nodulate with indigenous rhizobia. The soybean
Ragi/lablab >6 3,007 breeding program at the International Institute forRagi-rice/ 	 >6 5,500 Tropical Agriculture (IITA) had as one of its goalslablab 	 the development of varieties which nodulated with a 

broader range of Bradyrhizobium (slow growing
Continuous 	 Rice 10 0 rhizobia common to many tropical species) thanCropping 	 Rice 10 0 varieties from North America. The reasoning that 

Rice 10 6 justified this effort had practical and scientific merit. 
Rice 50 240
Rice 6 172 Farmers in Africa seldom have access to inoculants
Rice/peanut 50/1 226,449 and therefore if varieties were available that did not 
Sugar 10 22 1,400 require inoculation, yields would not be com-
Sugar 10 11 1 promised from lack of rhizobia. The potential to 
Sugar 21 10 46,993 breed legumes with a broader range of suitableSugar 50 microsynbionts has profound agronomic and ecologi

cal implications for other species of legumes and how 
Shimoga - highly weathered, acid, P deficient their culture may alter the indigenous 
Mandya - less weathered soil, neutral pH, low rainfall bradyrhizobial populations. 
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African researchers and scientists at IITA were 
successful in identifying genotypes with enhanced 
nodulation compared to North American types when 
grown in African soils. These soybean genotypes 
were labeled freely nodulating varieties. The en-
hanced nodulation also produced yield increases. 
The bradyrhizobia that nodulate these varieties also 
nodulate other wild legumes native to Africa. These 
bradyrhizobia are a subset of the general population
in that not all of the slow-growing population will 
nodulate the freely nodulating varieties. The use of in-
oculants on the freely nodulating genotypes has not 
been well investigated. Results are variable but many 
reports indicate that the freely nodulating varieties do 
not respond to inoculation. Some preliminary work 
done in Zambia and reported by NifTAL and the 
ZAMARE Project (USAID) indicated that under 
improved management these varieties responded 
significantly to inoculation. 

One aspect of current farm practices in much of 
Africa- in addition to the general lack of inoculants 
isthe low level of agricultural inputs available to 
farmers. The evidence isclear that any constraint to 
yield also reduces the amount of nodulation by 
reducing the crop's requirement for nitrogen. Low 
inputs and the resulting constraints to yield may have 

LI 

*',". . 

Collaborative research is most effective when conducted by per
sons trained in rhizobial work. G.P. Msumali and Sayeda A. b 
Nayib participated in a NifTAL training course held in Nairobi,
Kenya. 

contributed to the failure of inoculants to increase 
yields on the freely nodulating varieties. NifTAL 
and scientists from the University of Ghana designed 
an experiment to compare the inoculation response 
of an indigenous freely nodulating and a North 
American variety under two levels of management. 
Phosphorus was selected as a management variable 
since it isa nutrient commonly limiting crop yield in 
much ofWest Africa. 

Results from this experiment are dramatic. The 
table below shows data for nodule weight of variety 
Davis (North American origin) and Hernon 147 (a 
freely noduating variety). Nodule weight is usually a 
good indicator of nitrogen fixation and a measure of 

the amount ofrhizobia available to the legume. The 
African variety produced more than ten times the 
nodule weight of Davis when there was no inocula
tion and P was applied. Without inoculation or P 
t&re was almost no nodulation on either variety in
dicating that a severe P deficiency was limiting plant 
growth. Applying quality inoculants increased 
nodulation of both varieties by many magnitudes 
under both low and high P conditions. These results 
indicate that at some sites the freely nodulating 
varieties may have insufficient bradyrhizobia avail
able to meet all but the very lowest yield potentials. 
These varieties should be inoculated at all costs; the 
potential benefit to the farmer isenormous. It would 
be unwise based on an assumption that farmers 
planting freely nodulating varieties have their yields 
constrained by other factors to such an extent that 
the small population of indigenous bradyrhizobia
is sufficient to meet the crop's nodulationrequirements. 

Effect of inoculation and phosphorus on nodule weight of two 

soybean cultivars at Accra, Ghana 

Treatmen Davis Hernon 147 

Uninoculated-P 5 4 

Uninoculated + P 3 31 

Inoculated.P 280 339 

Inoculated + P 499 505 

"P,+P arc 0 and 250 kg P/ha; Davis is acutivar from North 
America, Hernon 147 isa'freely' nodulating cultivar from Zam. 
bia bred to nodulate with indigeneous rhizobia in Africa. 
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Symbiotic and competitive properties 
of Bradyrhizoblum japonicum native 

to Korean soils 

It has often been suggested that effective 
rhizobia can be found in soils of the centers of diver
sity or origin of the host legume. Korea is one of the 
centers of diversity of the soybean and it seems 
reasonable that effective competitive indigenous 
soybean rhizobia may be found in Korean soils. To 
test this hypothesis, Korean soils from 10 diverse 
locations were investigated for the symbiotic poten
tial of the native soybean rhizobia. The "whole-soil 
inoculation" bioassay technique developed for alfalfa 
rhizobia was adopted for testing for soybean 
rhizobia. Results showed that the "whole-soil in
oculation" bioassay was a time-saving method for 
evaluating the symbiotic potential of native soybean 
rhizobia in Korean soils. It was also found that 
Korean soils harbor soybean rhizobia which are high- i 

ly effective. Some of the Korean strains, besides 
being as effective as the widely used USDA 110, 
were able to outcompete USDA 110 in competition 
experiments. However, USDA 123 was the most 
competitive of the strains studied on two soybean cul
tivars (see the table below). This collaborative re- Ul Gwm Kang with research associates (from left) Wendy Asano 
search was funded by the Korean government and and Kathy MacGlashan. 
carried out with Ui Gwm Kang of Yeong Nam Crop 
Experiment Station. 

Competition for nodule occupancy by strains of Bradyrhizoblum laoonicum Indigenous to Korean soils versus USDA 110 and USDA 123. 

%nodule occupancy 
Competing Soybeana USDA USDA YCK YCK YCK Unident
strains cultivar 110 123 117 141 213 Mixed ifiedc F-Ratiod 
USDA 110 + YCK 117 J 0.5 - 99.5 - - 0 0 

C 0 - 99 - - 0.5 0.5 
USDA 110 + YCK 141 J 23.5 - - 67 - 8.8 0.7 

C 13 - - 58.5 - 12 16.5 
USDA 110 + YCK213 1 2 - - - 82.5 0 15.5 

C 0.3 - - - 99.7 0 0 
USDA 123 + YCK 117 J - 78 9 - - 13 0 

C - 64 23.2 - - 12.8 0 
USDA 123 + YCK141 1 - 99.8 - 0.2 - - 0 

C - 100 - 0 - - 0 
USDA 123 + YCK213 J - 92 - - 7 1 0 

C - 73 - - 18 9 0 
JJand C indicate Jangback and Clark soybean cultivars, respectively 

b Proporiton of nodules occupied by both competing strains in mixed inoculant 

c Nodules showing negative reactions against all antisera used
d .,, *, indicate significant differences at 0.001, 0.01, and 0.05 

levels of probability, respectively, for competing strains 
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Temperature, photoperiod and mode of 
nitrogen nutrition effects on legume 

phenology 

Despite interest in modelling growth, develop-
ment, and yield of legumes for agrotechnology transfer 
in the tropics, few data are available from tropical en-
vironments. Likewise, the nitrogen fixation coin- 
ponent of most legume crop models still remains a 
black box. The ability to predict the timing of 
phenological events as well as yield attributes of 
legumes will be useful in cropping system planning. 
The suitability of legume genotypes to cropping sys-
tems isin part determined by the interaction effects of 
temperature, photoperiod, and other variables on 
legume phenology. Recent research at NifTAL indi-
cated that the mode of N nutrition isa particularly im-
portant variable influencing phenology of soybean and 
other legumes. 

Experiments were conducted in collaboration
 
with the International Benchmark Sites Network for
Agrotechnology Transfer (IBSNAT) Project to cx
amine the interaction effects of temperature, 
photoperiod, and mode of N nutrition on phenology, 
N fixatiin and assimilation, and yield of soybean. 
Phoperiod control systems to facilitate natural, 14 
hot-, 17 hour, and 20 hour daylengths were established 
in the field at elevations of 320 and 660m. Nodulating 
And non-nodulating isolines of Clark soybean were 
used for the eeriment. Nitrogen fixation was 
measured by N-isotope dilution as well as ureide 
methods. The results indicate that changes in the 
growth rates and the phase durations with tempera
ture and photoperiod greatly influenced biomass par
titioning within the plant and N assimilation from 
mineral and BNF sources. Additionally, mode of N 
nutrition influenced the length of pod-fill duration. 
The data indicate the importance of the inclusion of 
mode of Nnutrition and plant N status in soybean 
phenology models. These data along with phenology 
data generated for several other soybean and common 
bean genotypes are currently being used as the basis 
to incorporate the BNF component into legume crop 
models. 

The photoperlod experimental set-up used lights and shade cloth to control the light periods. Several 
different plants were used inthe experimeni as shown inthe inset photograph at top. 
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Production and conservation of fixed 
nitrogen Intropical crop systems: 

Interaction between management and 
environment 

NifTAL and the Philippine Council for A13ricul-
ture and Resources Research and Development
(PCARRD) through support from USAID have im-
plemented a research program to develop manage
ment strategies that enhance nitrogen fixation in 
crop systems. Two sites with distinct agro-ecosys
tems were identified that represent frequently en
countered management problems in the tropics; an 
upland site with P deficient soils and an intensely
cropped lowland site with a soil deficient in nitrogen 
and organic matter. 

A series of experiments were conducted over a 
three year period which examined the response to in-
oculation and nitrogen fixation by four legumes
under defined management regimes. The sites' na-
tive rhizobial population was characterized so that 
results from this research program would be relevant 
to the database being generated in NifTAL's 
Worldwide Rhizobium Ecology Network (WREN). 

The results indicate that specific management 
strategies can be devised to maximize BNF and 
legume crop output of each species under realistic 
levels of inputs. In all cases BNF responded to 
management inputs which emphasizes the need to 
consider BNF technology in the context of the whole 
crop management system rather than as an isolated 
input. Following are some highlights of this project 
as it nears completion. 

The Need for Starter Nitrogen in Lowland Soils 
of Ilocos Norte 

Through the able assistance of Marianos Mar-
cos State University (MMSU) in Batac, Ilocos Norte, 
field experiments were carried out to evaluate the ex-
tension service's recommendation for applying
starternificantdetermine how these recommendations affected the 

performance of rhizobial inoculants. Mungbean, 
peanut, common bean, and soybean were grown with 
or without inoculation and with either 0, 10, 30,or 60 
kg N/ha applied at planting. The current recommen-
dation for starter N is 30 kg N/ha. Isotope enriched 
fertilizer material was used to measure nitrogen
fixation, 
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The response to inoculation varied with species
and was related to both starter Napplication and the 
number of rhizobia inthe soil. Although soybean
and common bean are commonly grown in this area 
and there were native rhizobia present, the popula
tion size was insufficient to meet these crops' N re
quirements. The crops responded to inoculation. 
Rhizobia for the other species were only slightly 
above threshold values where additional rhizobia are 
requiredthrough inoculation to reach crop yield
potential. 

The bar chart below demonstrates that starter N 
had a different effect on common bean compared to 
soybean. While inoculation dramatically increased 
yield of both species, only common bean responded 
to the starter nitrogen application. Even with success
ful inoculation, common bean increased yield with 
each addition of starter nitrogen. The response to in
oculation was enhanced with starter nitrogen inputs 
to common bean. 

Isotope enrichment data of the plant tissue (data 
not shown) indicated that common bean had a sig
nificantly greater fertilizer use efficiency than the 
other three legume species. This data isconsistent 
with data gathered in Hawaii and may play a sig

role in determining the amount of nitrogenthis species fixes in soils with moderate mineral N 

available. 
The amount of nitrogen fixed followed a pattern

similar to the response to inoculation for common 
bean, but fertilizer N applied at planting suppressed
nitrogen fixation by soybean. These results indicate 
that management recommendations for these two 
species must be considered individually in these low 
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N soils. Although inoculation of both species is im-
perative, the farmer would be better off allocating 
his production resources to inputs other than fer
tilizer nitrogen for soybean production; but, the pur
chase of small amounts of nitrogen for common bean 
would be an extremely wise investment. Efforts were 
made to relate this response to a measure of N con-
centration in an index tissue (most recently ex-
panded trifoliate). These results are not yet 
complete but may provide a simple test that can be 
used early incrop growth to detect and ameliorate N 
deficiency, 

Role of Phosphorus Management In the 
Response to Legume Inoculation With 
Rhizobla 

If sufficient effective rhizobia are present either 
through inoculation or ina native population in the 
soil, management inputs that increase yield will also 
increase the need for the crop to assimilate nitrogen.
In soils with moderate to high nitrogen which iscom
mon to many upland tropical soils of volcanic origin, 
management that increases yield may also enhance 
the use of soil N by the legume crop. An upland site 
inBicol Province of the Philippines was used to ex
amine how P management and inoculation inter
acted to affect yield, the response to inoculation, and 
the relative amounts of plant Nderived from sym-
biotic and soil sources. The research was conducted 
in collaboration with Camarines Sur State Agricul
tural College (CSSAC). Soybean, common bean, 
peanut, and mungbean were grown under four levels 
of P management and either with or without inocula
tion. Corn was used as a reference species to 
measure nitrogen fixation by isotope dilution. 

Soybean and mungbean responded significantly 
to inoculation and the response to inoculation in-
creased as P inputs increased. For example, seed 
yield increases due to inoculation were 188 and 198 
kg/ha for soybean and mungbean when there was no 
addition of P to the system. When 60 kg P/ha was ap
plied, the increased yield from inoculation was 506 
and 297 kg/ha for soybean and mungbearn. The in-
crease in yield of inoculated mungbean and soybean 
was more than 500 and 1200 kg/ha respectively when 
60 kg P/ha was applied. These results demonstrate 
that there is a significant synergism between inocula-
tion inputs and other management inputs for legume 
production systems. The farmer will obtain the 
greatest economic return to investment in each input 
only when both inputs are applied properly to the 
system. These experiments point to the danger of in-
terpreting results of inoculation response trials 

without considering other factors that impact 
the system. 

The Conservation of Fixed Nitrogen, 
Isotope enrichment data for all the species from 

both sites is not available yet, but results from 
mungbean and soybean at CSSAC indicated that P 
management played an important role in determin
ing the amount of nitrogen fixed by legumes. Both 
the amount and proportion of plant nitrogen from 
fixation increased with additions of P fertilizer. The 
amount ofN assimilated by the plants from soil sour
ces also increased with better P nutrition. Results 
from soil analysis indicate that P did not affect soil N 
availability and the increase in plant uptake of soil N 
was related to plant growth. Although the overall N 
balance in this N rich environmt..A was negative
when legumes were grown and the harvest removed 
from the field, the balance was more favorable when 
P was applied to the system. 

Seed Vild of Soybean and Phaseolus 
Raise, Ilocos Note, PhIlIppines 

Inoculated Uninoculated 

Soybean PhascolUS
 
3W00
 

12000 

1000 

0 
0 10 30 60 0 10 30 60 

Kg Nitrogen per ha 

Results from the low N environment (MMSU) 
indicate that the N balance of the species was 
generally positive but varied by species. Peanut, for 
example, fixed 95% of its total plant nitrogen at all 
levels of starter N applied compared to soybean (70
80%) and common bean which fixed between 20 and 
50% of total N (see the figure below). Clearly, 
choice of species and management and the interac
tion with the environment are critical determinants 
in whether legume production will have a net benefit 
to soil N reserves. The notion that legumes enrich 
soil with nitrogen requires scrutiny and caution. 
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Funds from Outside USAID Core Budget 
Contracts and Grants Awarded Outside USAID 

Cooperative Agreement (last five years)
 

Grant Title 

Soil Inoculation to Improve Crop Production 

Host Control of Nodule Formation 
& Development 

Predicting Inoculation Response 

Effect of Some Stress Factors on the 
Nodulation Process 

Production & Conservation of Fixed N in 
Tropical Cropping Systems: Interaction 
Between Management & Environment 

Quantifying, Characterizing & Maximizing BNF 
by Fast-growing Nitrogen Fixing Trees 

Workshop on "Dynamics of Soil Organic 
Matter in Tropical Ecosystems" 

Diversified Agriculture Research Project 

Workshop on "BNF Technology Transfer" 

Development of Acid-Soil Tolerant Leucaena 
Lines for Forage Production 

Optimization of Rice-Based Systems in 

Negros Occidental 

BNF/Legume Management Outreach Pilot 
Project 

Ecological and EvolutionaryAdaptation of 
Symbiotic Nitrogen Fixing Bacteria Associated 
with Native Hawaiian Leguminous Trees 

Commercial Inoculum Production for Haiti 

Source Total 

USAID/INDO-US 288,000 

USDA/Competitive 80,000 
Grants 

NSF/Ecology 750,000 

USDA 23,000 

USDAIUSAID Limiting 87,000 
Factors 

Mclntire-Stennis/USAID 100,000 

NSF/Ecology 80,000 

USAID 16,000 

USAID 80,000 

USAID 151,000 

USDA/USAID 73,000 
Limiting Factors 

USAID 107,000 

The Nature 8,000 
Conservancy of Hawaii 

AID/Port-au-Prince 50,000 
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University of Hawaii Support of Core Operational Funding
 

Fiscal Year 85-86 86-87 87-88 

Position 1 (Director) 21,250 85,000 85,000 
Position 2 (Researcher) 70,000 70,000 

Core Operations (Equip/ 35,000 50,000 

Materials/Supplies) 

Returned Overhead 29,400 39,300 32,831 
Repair &Maintenance 176,000 
Vice-President Funds 50,000 50,000 
Equipment 69,000 

UH Foundation 30,000 
Total 50,650 279,300 562,831 

88-89 89-90 

85,000 

70,000 

50,000 

85,000 

70,000 

50,000 

49,221 

99,000 

50,000 

37,000 

47,502 

200,000 

10,000 

440,221 462,502 
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Abstracts of Published Work (1988-89)
 

Abaidoo, Robert C. and Christopher Van Kessel, 1989. 
15N-Uptake, N2-Fixation and Rhizobial Interstrain Com-
petition in Soybean and Bean, Intercropped with 
Maize. Soil Biol. Biochem. 21(1): 155-159. 

N2-focdng activity of soybean and s 
monocropped or intercropped with maize was 
measured by the 15Ndilution method. lntercropped 
bean and soybean, planted in the same hole with maize 
or in two separate planting holes, showed a decrease in 
atom %15N as compared with monocropped bean and 
soybean. However, compared to when monocropped, 
intercropped non-nodulating soybean isoline and 
uninoculated bean showed a highly significant decrease 
in atom %15N. Whereas the total amount of '5N-label 
accumulated in monocrop and intercrop systems
remained constant, intercropped maize accumulated 
more and intercropped legumes less 'SN compared with 
monocropped maize or legume, respectively. The 
decrease in atom % 5N excess of intercropped N2
fiLxing legumes could be explained by higher N2-fixing 
activity, a different "SN-uptake pattern or a differencein competition for soil N between intercroppedlegumes and aize N t 

Intercropping bean or soybeans did not alter the 
competition pattern of the introduced strains of 
rhizobia. TAL 102 (USDA 110) and TAL 182 were the 
best competitors for soybeans and beans, respectively, 
and formed the greatest number of nodules, inde-
pendent of cropping systems tested. 
Bohlool, B.1988. Rhizobium Technology: Application 

for International agricultural development in the 
tropics. In Bothe/de Bruijn/Newton (eds.) Nitrogen
Fixation:HundredYears After, Stuttgart, New York, pp.
759-764. 

A nation's wealth and prosperity is intimately re-
lated to the quality of its soils. Is it any wonder, then, 
that most of the poorer nations of the world are located 
in the tropics where the vast majority of the soils are in-
fertile and stressful? The impoverished state of the 
under-utilized soils of the tropics stems from their high 
degree of weathering. Soil minerals have been eroded 
to such an extent that they are no longer capable of 
holding essential plant nutrients. Many tropical soils 
are acid, high in aluminum or manganese and low in 
bases. 

Among the plethora of adverse biotic and abiotic 
factors in the tropics, nitrogen (N) and phosphorus (P) 
can be singled out as two of the most important soil fac-
tors that limit agricultural production. Chemical fer-
tilizers are costly, requiring large capital investment for 

production, storage, transportation and application.
Developing countries (LDs) suffer not only from the 
high cost of fertilizers on the local market, but also 
from the lack of hard currency to play for them on the 
world market. Biological processes which control thedelicate balance of both nitrogen and phosphorus in 
the soil can contribute to making N and P more readily 
available for crop plants. Technologies based on such 
processes, therefore, are of particular significance to 
agricultural development in the tropics. 

George, T., P.W. Singleton, and B.B. Bohlool, 1988. 
Yield, soil nitrogen uptake, and nitrogen fixation by
soybean from four maturity groups grown at three 
elevations. Agron J 80(4): 563- 567. 

The exploitation of the soybean [Glycine max (L.) 
merr.] -Bradyrhizobium japonicum symbiosis in varied 
environments requires an understanding of factors that 
may affect fixed and soil N assimilation. Temperature 
affects both soybean maturity and N requirement, and 
soil N availability. Five soybean varieties belonging tofour maturity groups (00, IV, VI, and VIII) and theirrespective non-nodulating isolines were planted at 
three sites along an elevational transect in Hawaii to 

study the effect of elevation-associated changes in 
temperature on yield, soil N uptake, and N2fixation. 
The mean soil/air temperatures during the experiment 
were 24/23, 23/21, and 20/18C, with 7, 8, and 9°C dif
ferentials between mean maximum and mean minimum 
air temperatures at elevations of 320, 660, and 1050 m, 
respectively. The soils of the two lower sites wereHumoxic Tropohumults and that of the highest site was 
Endic Dystrandept. The seeds were inoculated at 
planting with B.japonicum. Plants were harvested at 
physiological maturity. Average dry matter yield and N 
accumulation at the highest site was only 48 and 41%, 

respectively, of that at the lowest site. Early maturing 
varieties were relatively more affected by high elevation 
than were later varieties. Within each site, late-matur
ing varieties produced greater yield and accumulated 
more N than did the early varieties. Nitrogen fixation 
contributed 80, 66, and 97% of total plant N at the 
lowest, intermediate, and highest sites, respectively. 
Differences between sites in the proportion of N from 
fixation were due to differences in the availability and 
uptake of soil N. Although total N assimilation be
twcen varieties differed in some cases by more than 
400%, the proportions of N derived from fixation were 
similar within a site. On a per-day basis, N accumula
tion was similar among varieties at a site. Since the dif
ferent maturity groups had similar average. N 
assimilation rates per day within a site, and since soil N 
mineralization rate per day at a site can be assumed to 
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be constat, the proportion of total N derived from N2 reactions of eleven strains indicated that six strains
fixation is necessarily constant. Since the proportion of from Hawaii (TAL 1477, 1481, 1483,1496, 1499, and
N derived from fixation is yield independent at a site, it 1502) were serologically related to TAL 380 of 
may be possible to predict the relative contributions of Australia while two more strains (TAL 1488 and TAL
soil N and symbiotic N2 fixation to soybean through 1501) of the former place were serologically related to
characterization of the processes that affect N TAL 1171 ofWisconsin. 
availability at a site. Data from in vitro soil N
 
mineralization and a greenhouse pot test indicated that 
 Romero, D., P.W. Singleton, et al., 1988. Effect of 
low temperature may have decreased root growth and naturally occurring nif reiterations on symbiotic effec
uptake of soil N, or soil N availability more than it tiveness in Rhizobium phaseoli. Appl. Env. Micro. 
reduced N2 fixation. 54(3): 848-850. 

Olsson, Jane E., Patricia Nakao, B. Ben Bohlool, and Most naturally occurring strains of Rhizobium 
Peter M. Gresshoff, 1989. Lack of Systemic Supression phaseolipossess reiteration of the nifgenes. Three 
of Nodulation in Split Root Systems of Supernodulating regions contain nitrogenase structural genes in strain 
Soybean (Glycine max [L.J Merr.) Mutants. Plant CFN42. Two of these regions (a and b) have copies of 
Physiol. 90: 1347-1352. 	 nijH,nifD, and nifK,whereas the third region (c) con

tain only niff. Strains containing mutations in either Wild-type soybean (Glycine max [L] Merr. cv nif region a or nifregion b had significantly diminished
Bragg) and a nitrate-tolerant supernodulating mutant 	 symbiotic effectiveness compared with the wild-type
(nts382) were grown in split root systems to investigate strain on the basis of nodule mass, total nitrogenase ac
the involvement of the autoregulation response and the tivity per plant, nitrogenase specific activity, total
effect of timing of inoculation on nodule suppression. nitrogen in shoot, and percentage of nitrogen. A strainIn Bragg, nodulation of the root portion receiving the containing mutations in both nifregion a and nif region
delayed inoculation was suppressed nearly 100% by a 7- b was totally ineffective. These data indicate that both
day prior inoculation of the other root portion with nif region a and nif region b are needed for full sym-
Bradyrhizobiumjaponicum strain USDA 110. Sig- biotic effectiveness in R. phaseoli.

nificant suppression was also observed after a 24-hour
 
delay in inoculation. Mutant nts382 in the presence of a Somasegaran, P., H. J. Hoben, and Velittin Gurgun,

low nitrate level (0.5 millimolar) showed little, if any, 1988. Effect of Inoculation Rate, Rhizobial Strain Coin
systemic suppression. Root fresh weights of individual petition, and Nitrogen Fixation in Chickpea.
 
root portions were similar for both wild type and nts382 Agronomy J.80: 68-73.
 
mutant. When nts382 was grown in the absence of 
 Chickpea (Cicerarietinum L.) is the third most

nitrate, a 7-day delay in inoculation resulted in only widely cultivated legume in the world, but N-fixation
 
30% suppression of nodulation and a significant dif- studies addressing its inoculation response and
ference in root fresh weight between the two sides, with rhizobial strain competition are limited. We inves
the delayed inoculated side always being smaller. tigated N fixation and competition by three strains of
Nodulation tests on split roots of nts382, nts 1116, and chickpea Rhizobium (TAL numbers 480, 620, and
wild-type cultivars Bragg, Williams 82, and Clark 1148) on 'Desi' and 'Kabuli' chickpea genotypes grown
demonstrated a difference in their systemic suppres- in vermiculite and two soils (Ultisol and Oxisol) free of

sion ability. These observations indicate that (a) 
 chickpea rhizobia. Chickpea grown in vermiculite was
autoregulation deficiencies in mutant nts382 result in a inoculated with single and mixed strains. A three
reduction of systemic suppression of nodulation, (b) strain mixture was inoculated at 10, 102, 10, 106, and 108 
some suppression is detectable after 24 hours with a 
delayed inoculation, (c) the presence of low nitrate af- rhizobia per seed on seeds planted in the two soils. 

fect th degee andtherootgrothNodulation and N-fixing parameters were significantlyf supresiofects the degree of suppression and the root growth, different for chickpea genotypes and rhizobial strains,
and (d) soybean genotypes differ in their ability to ex- with no genotype x strain interaction in the vermiculite 
press this systemic suppression. experiment. TAL 620 was the most competitive strain 
Rangarajan, M., P. Somasegaran, H. Hoben, 1988. in both chickpea genotypes. Maximum N fixation in 
Serological relatedness among strains of Rhizobium both genotypes was achieved at 104 and 106 rhizobia per
meliloti originated from different geographical regions. seed in the Ultisol and Oxisol, respectively. Nitrogen
National Academy Sci. Ltrs. 11(10): 303-305. fixation by chickpea in response to different inoculation 

rates was best described by a quadratic model. TheSerological analysis of 9 effective strains out of 26 three strains of Rhizobium competed differently in the
strains ofRhizobium inelilotifrom different parts of two soils. Competition in the Ultisol was due to sig-
Maui island of Hawaii along with the strain TAL 380 nificant strain differences and genotype x strain interac
from Australia and TAL 1171 ofWisconsin of continen- tion. In the Oxisol, there was no stain competition.
tal U.S.A., revealed the antigenic similarity among Different inoculation rates did not influence strain con
them. The results of the somatic cross agglutination petition. In general, the Kabuli genotype had a greater 
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N-fixing potential than the Desi. Maximum N fixation 
in the two soils was a function of the different inocula-
tion rates for both genotypes. Competition among 
chickpea rhizobia was influenced by the growth 
medium, chickpea genotypes, and strain differences but 
not inoculation rates. 

van Kessel, C. and J.P. Roskoski, 1988. Row spacing ef-
fects on N- 2 fixation, N-yield and soil N uptake of inter-
cropped cowpea and maize. Plant and Soil 111: 17-23. 

In the tropics, cowpea is often intercropped with 
maize. Little is known about the effect of the inter-
cropped maize on N2-fixation by cowpea or how inter-
cropping affects nitrogen fertilizer use efficiency or soil 
N-uptake of both crops. Cowpea and maize were grown 
as a monocrop at row spacings of 40, 50, 60, 80, and 120 
cm and intercropped at row spacing of 40, 50, and 60 
cm. Plots were fertilized with 50 kg N as (NH4)2SO 4; 
microplots within each plot received the same amount 
of 15N-depleted (NH4)2SO4.Using the 1

5N-dilution 
method, the percentage of N derived from Nz-fixation 
by cowpea and the recovery of N- fertilizer and soil N-
uptake was measured for both crops at 50 and 80 days 
after planting. 

Significant differences in yield and total N for cow-

pea and maize at both harvest periods were dependent 
on row spacing and cropping sy,'iems. Maize grown at 

the closer row spacing accumulated most of its N 

during the first 50 days after planting, whereas maize 
grown at the widest row spacing accumulated a sig-
nificant portion of its N during the last 30 days before 
the final harvest, 80 days after planting. Overall, no sig
nificant differences in the percentage of N derived 
from N.fixation for monocropped or intercropped cow-
pea was observed and between 30 and 50% of its N was 
derived from N2. 

At 50 DAP, fertilizer and soil N uptake was de-
pendent on row spacing with maize grown at the nar-
rowest row spacing having a higher fertilizer and soil N 
recovery than maize grown at wider spacings. At 50 and 
80 DAP, intercropped maize/cowpea did not have a 
higher fertilizer and soil N uptake than monocropped 
cowpea or maize at the same row spacing. 
Monocropped maize and cowpea at the same row spac-
ing took up about the same amount of fertilizer or soil 
N. When intercropped, maize took up twice as much 
soil and fertilizer N as cowpea. Apparently inter-
cropped cowpea was not able to maintain its yield 
potential. 

Whereas significant differences intotal N for 
maize was observed at 50 and 80 DAP, no significant 
differences in the atom %14Nexcess were observed. 
Therefore, in this study, the atom % 14Nexcess of the 
reference crop was yield indePendent. Furthermore, 
the similarity in the atom % "N excess for intercropped 
and monocropped maize indicated that transfer of N 

from the legume to the non-legume was small or not 
detectable. 

van Kessel, C., J.P. Roskoski and K. Keane, 1988. 
Ureide production by N2-fixing and non-N-fixing 
leguminous trees. Soil Bio. Biochem. 20(6) 891-897. 

Xylem-sap and stem and leaf extracts from 35 
species, comprising 14 genera, of leguminous trees 
were analyzed for ureides, nitrate and - amino acids. 
Trees were either inoculated with Riuizobitn or fertil
ized with NH4NO 3. The dominant form of soluble N in 
stem and leaf extracts and xylem sap was - amino 
acids. Certain non- N2-fixing species, i.e., Tamarindus 
indicaandAdenantherapavonina,produced significant 
amounts of ureides. Several N2- fixing species, Mimosa 
scabrella, Sesbania grandiflora, Acaciamearnsiiand 
Gliricidiasephm, grown on mineral-N had higher ab
solute amounts of ureides in both extracts and exudates 
than did most nodulated species. NodulatedA. 
mearnsiiand S. grandiflora,had the highest amounts of 
ureides in xylem sap. The relative abundance of ureides 
n stem and leaf extracts was lower than in xylem sap, 
but was correlated. Results indicated that the presence 
of ureides, per se, was not a reliable indicator of N2
fixing activity. Moreover, the relative abundance ofureides in most of the species tested was too low to use 
as a presumptive test for, or as a means of estimated N 
fixation. 

Woomer, Paul, P.W. Singleton, and B.Ben Bohlool, 
1988. Ecological indicators of native rhizobia in tropi
cal soils. Appl. Env. Microbiol. 54(5): 1112-1116. 

The relationship between environment and abun
dance of rhizobia was described by determining the 
populations of root nodule bacteria at 14 diverse sites 
on the island of Maui. Mean annual rainfall at the sites 
ranged from 320 to 1,875 mm, elevation from 37 to 
1,650 m, and soil pH form 4.6 to 7.9. Four different soil 
orders were represented in this study: inceptisols, mol
lisols, ultisols, and an oxisol. The rhizobial populations 
were determined by plant infection counts of five 
legumes (Tifolium repens, Medicagosaliva, Vicia 
saliva,Leucaenaleucocephala,and Macroptilium 
atropurpureun).Populations varied from 1.1 to 4.8 
logl0 cells per g of soil. the most frequently occurring 
rhizobia were Bradyrhizobium spp., which were present 
at 13 of 14 sites with a maximum of 4.8 log 10 cells per g 
of soil. Rhizobium trifolii and R. leguminosanan oc
curred only at higher elevations. The presence of a par
ticular Rhizobium or Bradyrhizobiwm sp. was correlated 
with the occurrence of its appropriate host legume.
Total rhizobial populations were significantly corre
lated with mean annual rainfall, legume cover and 
shoot biomass, soil temperature, soil pH, and phos
phorus retention. Regression models are presented 
which describe the relationship of legume hosts, soil 
climate, and soil fertility on native rhizobial populations. 
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Woomer, Paul L., Paul W. Singleton, and B. Ben Bob
lool, 1988. Reliability of the Most-Probable-Number 
technique for enumerating rhizobia in tropical soils. 
Appl. Envir Microbiol. 56(6): 1494-1497. 

We used six rhizobium-legume systems to test tbe 
reliability of the most-probable-number (MPN) techni
que for enumerating rhizobia introduced into 14 sites 
representing four soil orders. The range-of-transition 
values (the number of dilution steps between the first 
not-entirely-positive and the last not- entirely-negative 
growth units) were compared for each species and for 
each soil. the probability that the observed data were 
significantly different from theoretical values varied 
with the species. The acceptability of MPN codes (P.
0.99) was the highest (97 to 99%) with Vicia saliva, Ti
folium repens, and Glycine mar and lowest (72%) with 
Leucaenaleucocephala. MedicagosativaandMacro
ptilium atropurpureumyielded 87 and 75% acceptable
MPN codes, respectively. The acceptability of the 
MPN data obtained for a host species was related to 
rooting habit and time to nodulation. Comparison of 
data for each soil indicated that, despite large differen
ces in characteristics, the soil was not a major source of 
variability in the MPN counts. There was no significant
interaction of the range of transition of rhizobium
legume plant infection count data between species and 
site. 

Woomer, Paul and B.Ben Bohlool, 1989. Rhizobial
 
Ecology in Tropical Pasture Systems. In. Marten et al
 
(Eds), PersistenceofForageLegumes. ASA, Madison,
 
WS: 233-245. 

We have studied the ecology of rhizobia in the 
diverse climates and vegetation ofMaui, Hawaiian Is
lands. Many of the sites represent predominant tropi
cal pasture systems including short and tall grass 
savannas, and upland and lowland grassy pastures. The 
population size of the rhizobia in the soils and rhizo
spheres of these pastures is correlated with environ
mental factors. The importance of the legume 
component on rhizobial populations is established. 
The frequency of observing both associated legumes
and rhizobia at a site is .94. The density of legumes cor
relates significantly with the density of rhizobia in soils. 
Conceptual and regression models are presented which 
predict the population size of rhizobia in tropical pas
ture system and which describe the environmental in
fluences of native and introduced rhizobia in the soils 
supporting host and non-host swards. Also presented is 
an update of the new rhizobial taxonomic system
relevant to the interest of pasture scientists. 
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