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PROJECT SUMMARY

A. Statistical

Project Title: Maximizing Symbiotic Fixation
of Nitrogen by Grain and Forage
Legumes in the Tropics.
Project Phase: Extension.
Contractor: University of Hawaii
Principal Investigator: Dr. A. Sheldon Whitney
NifTAL Project
P. 0. Box "Q"
Paia, Maui, Hawaii 96779
Duration:
Current Authorization: June l, 1975 - Ma:- 31, 1978
Proposed Extension: June 1, 1978 - May 31, 1981

Total Estimated Cost:

Through May 31, 1378: o 932,307

06-01-78 to 05-31-79: 497,350

06-01-79 to 05-31-80: 733,660 , G

06-01-80 to 05-31-61: 743,690 ; ;ﬁ&iu,}
Total this request: R 31976,700

Total estimated cost: $2,907,007

Project Specialist: Dr. John Malcolﬁ\\‘mﬂf _J,"

B. Narrative

The NifTAL Project was conceived as a means of promoting
and supporting legume-oriented programs throughout the tropics.
The goal is to achieve greater exploitation of tropical legumes
in developing countries and thereby provide a basis for
increased production of high-protein foods with minimal dependence
on nitrogen fertilizer.

The problems of increasing food production to keep pace
with expanding populations is expected :o become increasingly
acute as the world's harvest of fossil fuels increasingly fails
to meet energy demands. Consequent price adjustments will
undoubtedly make the use of energy-intensive nitrogen fertilizer
less cost-effective. The legume-Rhizobium symbiosis has a) the
widest adaptability, and b) the greatest untapped potential for

supplying both fixed nitrogen and high protein food and feed
products.



NifTAL's purposes and objectives are designed to
provide a foundation of tested rhizobial germplasm, improved
inoculation methodology, a better understanding of the
management of legumes for maximum nitrogen contribution to
cropping systems, and a cadre of trained technicians; in
order that the potential of tropical legumes can be more fully
exploited in developing countries for the benefit of their
farmers and consumers.

Since its inception in 1975, the NifTAL Project has 1)
assembled a team of scientists and support staff to carry out
research, service and training programs on nitrogen fixation
by tropical agricultural legumes; b) developed research and’
training facilities appropriate for these programs; ¢) assembled
a comprehensive collection of Rhizobium bacteria comprising of
over 600 strains; d) carried out an aggressive screening program
to identify superior Rhizobium strains with emphasis on strains
which are effective on target grain legumes and are tolerant to
acid soils; e) conducted research on the effects of soil and
climate and management factors on nitrogen fixation by tropical
legumes (e.g. shade, soil acidity, phosphorous and intercropping);
and f) provided training in Rhizobium technology to 17 LDC
junior-level scientists. Coordination of NifTAL programs with
others in the tropics has been actively pursued through partici-
pation in international conferences and symposiums, hosting a
workshop on "Exploiting the Legume-Rhizobium Symbiosis in
Tropical Agriculture!” and through visits to developing countries.

It is planned to continue these programs in the extension
phase, and to develop a formal network of cooperating scientists
in the developing countries who will collaborate with NifTAL
in the testing of Rhizobium strains selected by NifTAL (and by
cooperators), inaculation methodology, etc., under local
conditions.



PURPQSE

RESEARCH PURPOSE AND EXPECTED PRODUCTS

The goal of the NifTAL rroject is to reduce the dependence
of LDC farmers on nitrogen fertilizer for the production of increased
quantities of food. This will be accomplished by assisting Rhiz hium
and legume programs throughout the tropics to more effectively

exploit the legume-Rhizobium symbiesis. Project purposes and
associated objectives for the project extension are as follows:

A.

Assemble comprehensive Rhizobium collection; select and
characterize superior strains which are effective on
economically-useful tropical legumes and are adaptkd

to tropical conditions; and distribute same to researchers
and inoculum producers.

1)

2)

3)

4)

5)

Assemble additional strains of Rhizobium which are
presumed to form effective associations with
economically-useful tropical legumes.

Identify two or more superior strains of Rhizobium
for each tropical legume of major importance and
one or more superior strains for each legume of
lesser importance. A superior strain is defined
as one having one or more of the following

characteristics:
a. Highly effective on one or more target legumes.
b. Infective and persistent in acid soils.

c. Infective on host legume in competition with
native rhizobia.

d. Tolerant to high soil temperature,

e. Effectively nodulate a wide spectrum of lagume
hosts.

f. Have growth characteristics which are compatible

with inoculant manufacture.

Establish a network of collaborators and provide
assistance in standardizing, coordinating, and advising
a series of field trials to evaluate potential '‘superior"
strains in various regions throughout the tropics.

Distribute information on strain performance and
characteristics to Rhizobium workers throughout the
tropics.

Provide cultures of Rhizobium strains to researchers and
inoculum producers throughout the tropics (upon request).
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M.

Develop systems for improved inoculum delivery, and for
ensuring dependable effective inoculation in the field.

1)

2)

3

Evaluate alternative carriers and packaging
materials sui:able for inoculum delivery in
tropical LDC's.

Evaluate the feasibility of using fungi known to
enhance rhizobial growth as components of Rhizobium
inoculants.

Develop improved inoculation techniques for use
a) where promiscuous legumes are grown in soils
containing ineffective or partially-effective
strains of Rhizobium; b) under high temperature
conditions; and c¢) in acid soils.

Develop improved techniques and cultural systems to more
fully exploit the nitrogen contribution of legumes to
tropical cropping systems.

1)

2)

3)

4)

Define the nitrcgen contribution of selected legumes
in intercropping systems under various levels of
competition ty the associated crop for sunlight and
nutrients,

Determine the effects of soil acidity, phosphorous
nutrition, and soil nitrogen on nitrogen fixation
by selected determinate and non-determinate tropical
legumes at various stages of growth.

Devise and test methods designed to ameliorate the
adverse effects of associated-crop competition and
excess soil nitrogen on nitrogen fixation.

Determine the effects of soil and cultural factors
on the short-term efficiency of legume residue as
nitrogen sources for subsequent crops.

Train technicans for applied research and technology in

Rhizobium bacteriology and in cultural techniques for

maximizing nitrogen fixation.

1)

2)

3)

Conduct three S-week training courses in Rhizobium
Technology.

Provide 2-24 month intern-type training experiences
for LDC workers.

Support 4-5 graduate-research assistants.



EXPECTED PRODUCTS

A.

A Rhizobium germplasm collection consisting of approximately
300 strains in the active collection and 500 strains in the

inactive (reserve) collection--providing a valuable resource
for legume and Rhizobium programs in the tropics.

A foundation of tested rhizobial strains which can be

recommended for specific legume crops and for legumes grown
under variois stress conditioms.

Improved methods tor inoculum delivery and inoculation of
legumes under tropical conditionms.

Improved methods for maximizing nitrogen fixation by legumes

in multiple-cropping systems, including methods for residue
management.

A cadre of trained technicians in developing countries who
are skilled in Rhizobium methodology or in cultural techniques
for maximizing N fixation by tropical legumes.



PROGRESS OF THE PRQJECT

Planned Output

A comprehensive Rbhizobium collection containing 600
cultures in 2 years, 1000 strains with at least S cultures
for each target legume by the end of the projected life of
the project (10 years).

Progress and Comments

The initial goal of 600 cultures in 2 years has been
attained and no difficulty is seen in obtaining a total
of 1000 cultures or in obtaining five cultures of each:
target grain legume. The collection presently holds at
least 14 isolates from each target grain legume except
Vigna mungo, but there is little doubt that many isolates
already in the collection will prove highly effective on
this legume. The collection also holds at least S isolates
for 9 out of 15 target pasture, green-manure, cCOver-crop,
and vegetable legumes.

The collection, it is now clear, will need to be divided
into an active and an inactive (reserve) collection as the
screening work proceeds. The active collection will hold
those strains judged to be worthy of utilization or further
testing ind will be listed with the World Data Center for
Microorganisms. All other strains should be lyophylized
and held in inactive storage.

Planned Output

At least one superior strain for 3 target legumes in
3 years; for all target legumes by end of project (10 years).

Progresss and Comments

Initial screening in the growth room and greenhouse has
been proceeding at a rapid pace and effective strains have
been identified for 6 out of 10 target grain legumes. The
collection also contains effective strains tested by others
for an additional 3 target grain legumes. Good progress has
also been made in selecting Rhizobium strains tolerant of
acid soil conditions through the subcontract with the
University of California - Davis (D. N. Munns).

However, field confirmation of strain performance has
proved to be slower and more difficult than anticipated.
Field tests have been conducted with soybean and Vigna spp.
and more are planned, but it appears that most of the field
confirmation work must be deferred to the extension phase
of the project.



Planned Cutput

One workshop involving approximately S0 scientists within
16 months.

Progress and Comments

This has been completed and the proceedings published.
However, there is a continuing need to promots increased
collaboration through a network of cooperating research
scientists.

Planned Cutput

One tested technique for increasing inoculation depend-
ability within 3 years.

Progress and Comments

This work is scheduled for the current project year,
with special emphasis on techniques for minimizing the effects
of high temperatures.

Planned Qutput

Define lime and phosphorous responses for N-fixation by
tropical target legumes, and evaluate techniques for legume
residue management within 3 years.

Progress and Comments:

Lime responses were evaluated for a wide range of legumes
during the cold season of 1977 and an additional trial is
now underway for the warm season (1977), involving fewer
legumes but several varieties of each legume.

Phosphorous responses will be defined in the field and
in the greenhouse for soybean and cowpea during the current
project year.

Mineralization of N from leaf tissue was comparesd to

urea-N in the greenhouse (5 legumes) and in the field (1 legume).

Additional work on mineralization of residues of varying C:N
ratio should provide a basis for devising more efficient
residue management techniques. However, it is not clear that
these techniques could be evaluated within 3 years. This work
appears worthy of continued investigation since the short-term
efficiency of the nitrogen in legume residue is often only
about 50% of that of mineral N fertiljzation.



F.

Plunned Output

Train 24 LDC technologists within 3 years.

Progress and Comments

Seventeen junior-level scientists have been trained in
Rhizobium technology to date in 6-week training courses
conducted by NifTAL. A final course is scheduled for
February/March 1978. Response from trainees who have
completed the course have been quite satisfactory to date.
Ther: appears to be a continuing demand for this type of
training and for short courses for senior-level scientists.

Planned Qutput

Train four M.S. (or higher-level) graduate students
within 3 years.

Progress and Comments

Four graduate research assistants were hired during the
second year of the project, and are well along in their course
of study and research. It is anticipated that all will
complete their work by the end of 1978. The project has also
hosted two Ph.D. students supported by outside funds who have
carried out legume research on a) shading effects on N-fixation,
and b) legume performance when intercropped with grasses with
and without N fertilizer. These students have had excellent
symbiotic relationships with the project.

10



SIGNIFICANCE AND RATIONALE FOR EXTENSION

A. Importance of the Problem

1)

2)

3)

4)

5)

6)

The rapid growth of the world's population will create
the need for additional protein to feed 2-3 billion more
people by the year 2000, but crop land per capita has
shrunk from 4 acres to 0.9, and will further shrink to
0.5 acres per capita by the year 2000!.

"The United Nations, the Central Intelligence Agency,

the Congressional Budget Office, the Office of Technology
Assessment, the Stanford Research Institute, M.I.T.,

EXXON, Ralph Nader and the League of Women Voters--all

these and more have offered assessments of the world's
energy outlook?.' Steiger makes the point that even

the optimists predict increasing scarcity of oil no

later than the late 1990's, and that this will force
difficult choices as to the utilization of this increasingly
expensive resource. Since nitrogen fertilizers are extremely
energy intensive, it seems safe to predict that the
utilization of nitrogen fertilizer to achieve increases in
food production will become less and less cost-effective,

Even in the U.S., shortages of nitrogen are predicted to
recur in the early 1980's, due to equipment obsolescence,
shortages of feedstock, and increasing demandd,

In the developing countries which must purchase their
fertilizer (or energy) with hard currencies, this
competition for nitrogen rfertilizer (or energy) will
create additional problems in providing additiomal
fertilizer to support increased food production.

There are many LDC farmers who are unable to afford or
obtain N fertilizers even if they are available to those
with cash purchasing power near means of transportatiom.

Symbiotic nitrogen fixation by legumes is the only
agriculturally viable system which is both widely adapted
to all agrarian areas, fixes substantial quantities of
nitrogen and yields high-quality foods and feed products.

1pavid Pimentel (Professor, Cornell University). Interview in

The Honolulu Advertiser, April 5, 1977.

2paul E. Steiger (Los Angeles Times Service). Syndicated article
in The Honolulu Advertiser, July 4, 1977.

3Gerald G. Williams, et. al. (Director, Division of Agricultural
Development, National Fertilizer Development Center). Proceedings
1976 Hawaii Fertilizer Conference, April 1976.
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Prospects for utilizing exotic systems through genetic
manipulation are conceeded to be still far in the future®.

7) The status of international research efforts in the food
legumes has been rated by Dr. R. W. Cummings, Jr.3 as
seriously-to-critically inadequate in every area of the
world. This means that a) yield levels are static to
declining, b) actual yields are less than one-half or
less than one-fourth of potential yields, and c) local
institutions have only limited ability to apply new
technology or have been initiated only recently.

8) Rhizobium technology has the potential for becoming
accepted in developing countries. In India, there are
now over 40 private and public inoculum producing units
whereas there were only six public units and one private
unit in 1970°,

9) The role of NifTAL in this context is to assit Rhizobium
and legume programs throughout the tropics to apply
available technology to more effectively exploit symbiotic
nitrogen fixation as a means of increasing food production
with minimal dependence on nitrogen fertilizer. This can
be accomplished through providing a foundation of tested
thizobial germplasm, improved inoculation methodology, a
cadre of trained technicians, and a better understanding
of the nitrogen contributions of legume in cropping systems.

B. State of the Art

The interest in alternatives to nitrogen fertilizer has
developed in several ways since the Arab oil boycott of 1973/74.
This has included additional emphasis on the Azolla anabena
symbiosis as a source of nitrogen for paddy rice, nitrogen
fixation by micro-organisms living in the roots or rhizospheres
of grasses (including rice), and on genetic manipulation of
N fixing micro-organisms. However, the legume-Rhizobium
association has been generally recognized as making the most
contribution to agriculture at present and having the greatest
potential for increase.

SR, W. Curmings, Jr. Food crops in the low income countries: The
state of present and expected agricultural research and technology.
Rockefeller Foundaticon--wWorking Paper, May 1976.

5J.L.M., Nitrogen Fixation: Prospects for Genetic Manipulation.
Science 196: 638-640, May 1977,

6y. P. Sahni (Vice-President, Bactogin Laboratories, Jabalpur, India).
Inoculants for India. Proceedings NifTAL Workshop on Exploiting
the Legume-Rhizobium Symbiosis in Tropical Agriculture, August 1976.
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In this area there have been four major and several
lessor program developments which are significant to the
overall research progress:

1) The establishment of the NifTAL Project itself
must be considered a major development. The
Rhizobium collection is proba-ly second or third
in the world (after the Nitragin Co. collection ani
probably the CSIRQO collection at Brisbane) with
respect to holdings of effective strains for a wide
range of tropical legumes. The workshop held in
August, 1976 provided interaction among a broad
spectrum of Rhizobium and legume workers, and the
proceedings are a significant addition to the
literature on this subject. The training courses
are beginning to have an impact as more trained
technicians return to their homes with the skills
and background to conduct good research.

2) ICRISAT's employment of Peter Dart from Rothamstead
has given that center a strong role in the area of
nitrogen fixation by chickpea, pigeon pea, and to
a lesser extent, peanuts,

3) The bean program at CIAT has established a Rhizobium
cullection for various legumes, with emphasis on
Phaseolus vulgaris, and has conducted some field tests
of Rhizcbium strains.

4) The ICRO Panel supported by UNESCO and UNEP has begun
the establishment of Microbiological Resesarch Centers
(MIRCEN's), with the initial support for such centers
going to the Department of Soil Science, University
of Nairobi and the University of Federal do Rio Grande
do Sul, Brazil. This additional support will enable
these groups to significantly expand their programs,
although tne support is intended for fermentation,
degradation, and other microbiology work in addition
to the Rhizobium research.

S) Two Rhizobium researchers have recently been hired to
work in Puerto Rico under AID auspices: Dr. Roger Smith
(211-d supported; work on pigeon pea and inoculant
problems) and Dr. Stewart Smith (INTSQY).

6) FAO interest in expanding the capability of LDC
countries to carry out sywmbiotic N-fixation programs
has been demonstrated by means of a survey in Latin
America, assisted by Dr. Carlos Batthyani. The
results of this survey are not yet published but
should provide an excellent tool for planning for
assistance programs in this region.

13



7) Several internationl conferences have been held on
the subject, notably in Brazilia and Salamonca (Spain).
Short training courses have also been sponsored by
UNESCO and others, with the UNESCO courses having a
relatively small Rhizobium component.

There ars a number of strong research centers focusing on
symbiotic N-fixation by tropical legumes. These include the
following:

1) CIAT: Phaseolus beans, Stylosanthes spp.

2) ICRISAT: Pigeon pea, chickpea, peanut.

3) CSIRO Brisbane: Stylosanthes spp., Leucaena leucocephala.

4) Thailand:

a) Ministry of Agriculture, Division of Plant Pathology:
Soybean.

b} Kasetsart University: Soybean, mungbean.

¢) Khonkhaen University: Soybean, mungbean.

d) €hiengmai University: Soybean, mungbean.

S) India: A large number of universities are working with
soybean, chickpea, pigeon pea, peanut, cowpea, and other
legumes. The All-India Pulse Programme serves to
loosely coordinate much of this work. Also, the India
Standards Iastitute is working on inoculant standards
for inoculants manufactured by the 40 functionirng
production units.

6) U.S.: North Carolina State University and Texas A & M
University both have strong research programs on peanut
and soybean Rhizobjum. Most of the other significant
U.S. programs are either in the North or are concerned
more with basic research on soybean.

7) Brazil: Several centers, mostly with emphasis on
soybean, including:

a) Dr. Dobereiner's group at EMBRAPA, Km 47, Rio
de Janeiro.

b) Dr. Freires group at UFRGS, Porto Alegre, and

c) Dr. Eli Lopez at Campinas.

There are also numerous smaller programs, including several
in Mexico. Thus there are a variety of research programs
presently involved in research on nitrogen fixation by legumes.
However, aside from NifTAL, there are very few broadly-based
Rhizobium collections or intensive training programs in Rhizobium
methodology.

14
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There has also been a surge of interest in multiple
cropping in recent years, and cropping systems research is being
strongly supported by most of the international crops research
centers. However, this work is usually not focused on niximizing
the nitrogen concribution of the legume component, except at
CIAT where N-fixation by beans associatead with maize is *wing
evaluated. Basic studies in ecology! have shown that the
advantages for using crop mixtures are usually obtained only
a) where inputs are low and/or b) when one of the components is
a legume. Since the major reason for the importance of the
legume is its ability to fix nitrogen, it seems clear that
intensive work on N-fixation by intercropped legumes is needed
in order to maximize the yield of the total cropping system.

1prof. C. T. de Wit Summary Statement, Proceedings Symposium
on Plant Relations in Pastures, Brisbane, May 1976.



PLANS FOR RESEARCH COORDINATION

Informal agreements have been made with Rhizobium research
laboratories specializing in specific crops to the eifect that
NifTAL will not duplicate their work, but will collaborate with
them and will serve as repository for superior strains of
Rhizobium identified by them.

1) CSIRO (Brisbane): Stylosanthes spp., Leucaenz leucocephala

2) CIAT: Phaseolus beans, Stylosanthes spp.

3) ICRISAT: Pigeon pea, chickpea
4) North Carolina State University: Peanut

Linkages are being developed in countries throughout the
tropics through the seventeen trainees who have completed the NifTAL
Rhizobium technology course. Arrangements have been completed with
most of the graduates of the first two courses to conduct studies
on survival of Rhizobium shipped to their countries. Additional
cooperative programs are planned, once this potentially limiting
factor is better documented.

Contacts with scientists in developing countries have also
beea made through participation in regional meetings (e.g. Latin
American Rhizobium Conference and the INPUTS meetings sponsored
by the East West Center) and through travel, particularly in
Southeast Asia. In addition, enquiries and expression of interest
in cooperative programs have been receivea from laboratories in
several other countries including India, Sri Lanka, Iraq, Sudan,
Zambia, Mexico and Venezuela.

It is planned to pursue these contacts in the extension phase
of the contract, and to develop other contacts through country
visits and atiendance at international meetings. From these
contacts, regional coordinators will be selected and invited to
Hawaii for a planning conference during the first year. Participants
in this conference will a) identify host legumes to. be employed; b)
define experimental procedures; and c) identify potential cooperatoTs
in each region. The experiments presently conducted in cooperation
with the Benchmark Scils Project and with training course graduates
will provide an excellent basis for developing a standard protocol
for tests to be conducted by LDC cooperators.

Regional conferences will be held during the second year of
the contract in order to involve potential cooperators in setting
goals and planning for th2 implementation of Rhizobium strain trials.
Grants will be made to each regional coordinator and each cooperator
in order to enable them to purchase needed supplies and for travel
within their region or country. NifTAL will provide an experienced
Rhizobium microbiologist to visit each cooperator (accompanied by the
appropriate regional coordinator) during the second and/or third years.

16



PLANS TO FACILITATE UTILIZATION

Publication of a catalogue of NifTAL's "active' Rhizobium
collection should be completed by the end of the »resent
contract. This will continue to serve as an imporstant tool
for utilization during the extension phase of the contract.
The catalogue will be revised during the second year of the
extended contract. '

The planning conference for regional coordinators and the
regional conferences will be devoted in part to discussion
of the present state of the art, including the results
obtained under the contract program.

Papers will be presented at two or more appropriate national
conferences and two or more internaticnal conferences to
disseminate the results obtained by NifTAL.

Articles will be prepared for publication in scientific
journals having wide distribution in the tropics (e.g.
Rhizobium Newgletter, Plant and Soil, and Agronomy Journal).

Newsletters will be sent to graduatds of the training courses
and cooperators to keep them informed of progress by their
colleagues and by NifTAL. No other newsletter is planned
since the Rhizobium Newsletter provides a convenient vehicle
for publicizing special findings or programs.

Results from the strain tests conducted by NifTAL and the

cooperators in each region will be compiled annually and
distributed to cooperators and other interested workers.

17



MANAGEMENT CONSIDERATIONS

Continuation of the same msnagement team is contemplated
for the project extension. The sub-contract with the
University of California-Davis has proved to be highly
productive and will also be continued.

The project work will continue to be carried out largely
at the facilities near Paia, Maui, which have been made
available to the project by the County of Maui. Only
minor renovation work is required to accommodate the
planned program of work.

The close working relationships which have been develoved
with the Benchmark Soils Project will be continued, wi:h
emphasis on determining the transferrability of information
on Rhizobium strain performance on soils of the same
family.

Training courses in Rhizobium Technology will be offered
at sites other than Hawaii where facilities and personnel
support are available. CIAT has already indicated their °
interest in hosting one course.

At this writing, a proposal for University of Hawaii
participation in Biological Nitrogen Fixation research

and development programs is being included in a consortion
proposal for Title-XII funding. Certain aspects of this
program--both at Hawaii and among other members of the
consortion--will involve close coordination and cooperative
effort with the NifTAL Project. No significant overlap is
expected; rather the programs should prove complementary
and symergistic,

The University of Hawaii College of Tropical Agriculture
has adopted a broader commitment to international programs
under the leadership of Dean W. R. Furtick. Some relief
from the administrative workload is expected with the
appointment of additional personnel within the college
administration.

Evaluation of the project was conducted by a review team
consisting of AID and USAID experts in February, 1977. It
is expected that future project evaluation will be carried
out using the same procedure, probably in late 1978.
Additional administrative reviews will be arranged annually
by the project manager.
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TECHNICAL REVIEW

The technical basis for the approach taken toward screening
for superior Rhizobium strains is discussed in the original
proposal. Work to date confirms in general, the hypothesis
that it is possible to select strains of Rhizobium whi:zh are
unusually effective on one legume or a wide range of l:agumes
oT are unusually tolerant to soil stress factors such as

high soil Al or Mn, low soil Ca, high soil temperature, etc.

A large number of the legumes used agriculturally in the

tropics are nodulated by a group of Rhizobium known collectively
as the "cowpea miscellany. These Rhizobium are slow-growing
compared to the rhizobia associated with most temperate legumes.
The taxonomy of this group has proved very complex, and.is
therefore largely unresolved since their associations with
legume hosts do not generally follow legume taxcnomy. The
legumes nodulated by this group are usually considered to be
rither promiscuous, but many of these legumes do exhibit a
moderate-to-high degree of specificity (e.g. Sphenostylus,
Sesbania, Canavalia, and Leucaena). There is, therefore,
opportunity to select highly effective strains for these

legumes with a reasonable expectation that inoculation

responses will occur where these plants are introduced

into new areas. There are also a number of cool-season

legumes such as Lens, Cicer and Vicia spp. which are grown in
tropical latitudes, but are nodulated by fast-growing Rhizobium
and are relatively specific in their strain requirements. These
too are prime candidates for achieving responses to inoculation.

The development of small inoculum production units in S.E. Asia,
India, and elsewhere has intensified th. search for suitable
inoculum carriers and packaging materials. Bagasse (a sugarcane
by-product) has been tried on a number of occasions but gives
lower survival rates than peat. Sugar mill filter mud has also
been tested and is superior to bagasse. fHowever, both have
sucrose contents that favor the growth of antagonistic fungi.
Other materials which are presently being used in various

places include lignite, compost, soil, and coconut coir. There
is a need for a concerted testing program to identify the best
materials for use under tropical conditions. Also, since most
of the materials must be sterilized by autoclaving before use,
it is not feasible to prepackage the carrier in polyethylene
bags. Work is needed to identify the most suitable packaging
materials for use where the carrier must be autoclaved.

Work by NifTAL and others has shown that the conditions for
acceptable yield of N-fertilized legumes may be unacceptable

for symbiotic legumes. Shading, for example, reduces root-growth
and N-fixation to a much greater extent than top growth. Also,
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infection by Rhizobium may be inhibited at low pH levels,
depending on the plant species. However, the available
information regarding the effects of factors such as soil
acidity (high Al, and Mn, low Ca), shading effects, and
nutrient competition is extremely deficient for nearly all
the tropical legumes.
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RESEARCH DESIGN AND METHODS

1. Summary of Major Activities

A-1,

A-4,
A-S.
B-1.

B-2.

B-3.

Assemble additional Rhjizobium

strains:

a. assemble additional 130
strains (for total of 800)

b. assemble additional 100
strains (for total of 700)

Identify superior Rhizobium

strains (2 2/secondary legume):

a. greenhouse testing, select
one strain each major sp.,
one strain for half of
secondary spp.

b. greenhouse -- all remaining
tests

c. field testing of strains
cho%en in (a.)

d. field testing of strains .
chosen in (b.)

Establish network of collaborators:
a. planning conference in Hawaii
b. regional conferences

C. visits to cooperators

Update and distribute Rhizobium
catalogue: »

Distribute cultures:

Evaluate inoculum carriers and
packages:

Test fungi for Rhizobium inoculum:

Develop improved inoculation

techniques:

a. for soils with background
cowpea

b. for high temperature conditions

c. for acid soils
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Month to
Start Complete
1 18
18 36
1 12
12 30
8 24
21 36
9 9
12 24
13 36
12 18
1 36
1 18
6 36
i 36
i 24
1 36



___Month to
Start Complete

C-1. Define intercrop competition
effects on N-fixation by legume
component : 2 34

C-2. Define N, P, and lime responses;
N-fixation by determinate and
non-determinate legumes:

a. N effects, determinate and

non-determinate 2 21
b. P responses 1 12
C. Lime and calcium responses 2 29
C-3. Test methods to minimize N-fixation
depression due to high N, other
crops:
a. methods to overcome high N
effects 18 36
b. methods to overcome competition,
oth&r crops 24 36
C-4. Define soil and management faétors
limiting efficiency of legume-
residue N: 1 24
D-1. Three Rhizobium technology
training courses: S 30
D-2. Intern-type training By arrangement
D-3. Graduate Research Assistant
training 1 36

Experimental Methodology

Additional Rhizobium strains will be solicited from
existing collectIons with preference given to local strains
previously documented and tested. Isolations from nodules will
be made in order to obtain cultures for specific requirements
(e.g. less important legumes or acid soils). Each acquisition
will be tested for authenticity by inoculating the host (or
rarely, Macroptilium atropurpureum) and checking for N-fixation.
Authentic Rhizobium will be assigned to either the active or
inactive collection depending on the assessed potential for
future testing. Strains assigned to the active collection
will be characterized by standard laboratory tests and
Tegistered with the World Data Center for Microorganisms.
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of the sub-contract with the University of California-Davig
(Dr. D. N. Munns). Initial screening will be done using
modified Leonard Jars in the greenfiouse, replfcaved as needed.
Promising strafns frog these trials will then Be tested In
field trials, both in Hawaii and by cooperators in developing
countries. All field trialg Wwill utflfze a standard protocol
which can be adapted to local conditio-s and will involve
Qeasurements of plant heigh, acetylene~reduction activicy
(where feasible), nodule welght, and yield. Serological
identification of the Rhizobium straing actually producing the
nodules in overseas tests will be done by NifTAL, or done

by cooperators who are competent in serology with fraquent
confirming checks by N1fTAL nicrobiologists.

The criteria for superior strains include competitive
ability and persistence, and these will be evaluated using

serological methods. Similar techniques will also be used to
evaluate the effectiveness of varigus inoculation methods.
Tolerance to high temperatures will be evaluated by incubating
broth, peat, and goils containing the organisms at 35-40c¢C

for varylng periods of time.

Evaluation of inoculim carriers and packaging techniques
will be by determining a) growth and b) persistence of the
Rhizobium in various combinations of carriers, packages, and
carrier-sterilization methods and under other conditions such
as range In age of Inoculum, temperature variation, etc. The
potential for using beneficial fungi in Rhizobiumr inoculum
will be evaluated very similarly, using cultures of fungi al-
ready available to NifTAL which have been observed to enhance
the growth of Rhizobium under certain couditions.

Studies of the effects of soil acidity, Phosphorus,
and nitrogen autritfon, and crop competition on N-fixation
by different types of lagume plants will be carrier out using
Standard field and greenhouse experimental techniques, except
that in some cases, continuous function experiments wil]l be
used to evaluate the plant response to a continuously changing
rate of application of soil amendment or plant autrient.
Crop compecition effacts will be determined using legumes
intercropped with mailze or other non-legumes (e.g. sweet
potato), and the residual N will then be evaluated using a
follow-up crop of wheat or forage grass.
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The effects of various s0il and management factors
on the efficiency of legume residues as sources of N for
subsequent crops will be approached by screening a wide
variety of legume residues (on an equa’-N basis) to determine
those with the greatest efficiency. These will then be
thoroughly analyzed in order to identify criteria which
would be useful in screening larger numbers of varieties.
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TOTAL COST ANALYSIS

The estimated extension budget from 1978-79 to 1560-81 is
$1,974,700. Not included is the support from the University of
Hawaii (Hawaii Agricultural Experiment Station); and cooperators
and coordinators from LDC institutions throughout the world.

Approximately $60,000 plus staff time is earmarked directly
for training. However, indirectly, considerably more funds are
involved in training because knowledge learned under other objectives
of this program are passed on to the trainees. Five additionai
graduate students are expected to receive degrees under this program.

Similarly, although $94,000 (plus staff time) is budgeted for
network costs, this is only a fraction of the total costs igvolved

~ J
8§

since most of the total research program is oriented toward this testiAg

of project germplasm and techniques in the LDC's.

Additional funds are necessary to add personnel, travel,
equipment and supplies, and services in order to meet the objectives
of the program. A proposed budget is as follows:

1

\

A. Direcz Costs 1978-79 1979-80 1980-81

1) Salaries (Workmonths) 228,100 331,340 356,750
| (175) (249) (249)

2) Fringe Benefits 40,800 60,400 64,000
3} Consultants 4,000 5,000 5,000
4) LDC Network Costs 10,000 45,000"" 39,000 }-
5) Travel and Subsistance 19,000 27,700"" 28,400 -
6) Participant Costs 18,000 -r 19,800 . 21,800,
7) Freight to LDC's - 10,000 6,000 %
8) Publications 3,000 [ 6,000 6,000
9) Equipment and Supplies 60,000 79,800 58,500
10) Vehicle Lease 5,200 6,800 7,200

11) Subcontract (U.C.-Davis) 35,250 35,790 36,880

B. Indirect Costs 73,000 106,030 114,160
C. Total Contract Funds 497,350 733,660 743,690 . .
R
e
ﬁg”b i3
N kﬂ”oﬁ
el bag/
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WORK PLAN

szgose A:

Assemble comprehensive Rhizobium collection; select and
characterize superior strains which are effective on economically-
useful tropical legumes and are adapted to tropical conditions;
and distribute same to researchers and inoculum producers.

Activities required to achieve this objective irclude:
authentication and testing of strains for effectiveness on target
legumes in growth-room or greenhouse tests using modified Leonard
jars; characterizing those strains selected from the active
collection by various laboratory tests; maintaining documentation
on all strains; preparing cultures for storage, and prepariig
cultures for sending to recipients,

A major increase in research activity is planned in order
to field-test selectad strains (against locally-selected strains
where feasible) at locations throughout the tropics. This will
involve the estabiishment of a formal network of cooperators as
discussed earlier. Distribution of information on strains held
in the active collection is expected to be accomplished through
the auspices of the World Data Center for Microorganisms.

Inputs needed will include the major time allocation of
two professional microbiologists and three research associates
including an assistant curator of the collection. One or two
graduate students will also be involved in this work. Little
additional equipment is required; but large quantities of
consumable supplies are involved, and modifications of the growth-
room and greenhouse are needed to upgrade the testing program.
The establishment of a formal network of cooperators for field-
testing of rhizobia will require the employment of a senior
coordinator; a large travel budget to cover transportation and
subsistance for the initial and regional conferences plus trips
within the regions; and a system of grants to regional coordinators
and country cooperators.

Purpose B:

Develop systems for imprcved inoculum delivery and for
ensuring dependable effective inoculation in the field.

The activities planned for objective B include: the testing
of a wide range of possible inoculum carriers and packaging
materials with emphasis on easily-obtainable materials whi=h can
support the growth and adequate survival of Rhizobium bacteria;
testing the possibility of including beneficial fungi in inoculum
preparations; and testing a variety of techniques designed to
enhance the survival and persistence ¢f introduced Rhizobium in
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soils containing a background of less-effective strains or in
which high temperatures occur at the surface. These will include
studies of placement, inoculum carriers, inoculum size, and use
ot co-applied amendments. This work will require Tecovery of
nodules from Plants grown at various intervals after inoculation,
and identification of the Rhizobium strain responsible for nodule
initiation by serological methods.

These labor intensive activities will Tequire part-time
work by two microbiologists, two technicians, and one graduate
assistant. Some additional serology equipment wil] also be
Tequired to expedite the typing of large numbers of nodules and
for identifying Rhizobium strains in soil.

szgose C:

Develop improved techniques and cultura] systems to more
fully exploit the nitrogen contribution of legumes to tropical
cropping systems.

Planned reséarch activities include field experiments in
which nitrogen fixation of selected legumes is determined when
grown with asscciated non-legumes. Cultural systems will be
utilized which result in different degrees of intercrop competi-
tion for nutrisnts and sunlight in order ro a) determine the
relative influence of these factors, and b) devise improved
techniques for minimizing competition effects on N-fixation.
These then will be tested in subsequent field experiments,
Additional field experiments will be conducted o define the
effects of so0il PH (including Al and Ca levels), soil chosphorous,
and soil nitrogen levels on N fixation by several var:stie: of
selected grain legumes. These will be supplemented wi-i ,reenhouse
tests using re-circulating culture solutions to more precisely
define these responses with minimal interference from other
factors. N-fixation by determinate and non-determinate varieties
of Vigna and Phaseolus SPP. will also be compared, especially
with respect to tolerance to high soil N levels. The efficiency
of legume residues as N sources for subsequent crops will be
evaluated at first in incubation studies in the laboratery and
greenhouse, using materials of various C:N ratios, and then
checked with simple field éxperiments on both highly and
moderately-weathered soils.,

house facilities. Only moderate amounts of supplies are required
for these activites, but adequate‘vehiclesupport is essential.
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gggpgso D:

Train rechnicians for applied research and technology in
Rhizobium bacteriology and in cultural techniques for maximizing
trogen fixation.

The training programs will include revision of the present
course to reduce the length to 5 weeks and to accommodate up to
10 students; conducting the course once each year (at lezst once
in a regional location such as CIAT); providing intern-type
training experiences for LDC workers who wish specialized
training in research techniques; and providing training for
4-5 graduate research assistants during their course of study
and research.

These activities will require part-time attention by one
microbiologist and at least half-time work by one technician for
the training courses, plus 10-15% attention by all the professional
staff toward the training of interns and graduate students.
Additional training equipment (especially microscopes) and
supplies will be needed in order to enlarge the course and to
provide for graduate student research.

28



SUB-CONTRACT

Subcontractor: University of California-Davis

Title: Effects of Soil Chemical Environment
on Symbiotic Performance

Principal
Investigator: Donald N. Munns, Professor of Soil Science

Rationale and Scope of Work:

Many soils of the tropics which are or can be used for
agriculture are low in exchangeable bases, low in phosphorous, and
often have toxic levels of active aluminum or manganese. It is
therefore of great importance to be able to select strains of
Rhizobium which ire as tolerant as possible of these conditions,
and to be able to accurately diagnose and determine critical
levels of lime and/or nutrients which are required to assure
adequate symbiotic performance on thse soils.

Dr. D. N. Munns at the University of California-Davis Campus
has an excellent reputation in this field, has adequate facilities
to conduct such research, and has made excellent progress in
identifying and characterizing acid tolerant rhizobia during the
initial phase of the contract. Continuation of the sub-contract
is therefor= strongly recommended.

The work will focus on the following problem areas:

1) Continued screening of Rhizobium strains for tolerance
to soil acidity and phosphorous deficiency using
strains appropriate for Vigna, Cicer, Lens, Arachis,
Phaseolus (low P only), Cajanus, Psophocarpus,
Voandzzia, and selected forage legumes,

2) Methods of culturing Rhizobium strains so as to
preserve adaptation to soil stress factors.

3) Diagnostic criteria and predictors of tolerance for
host-Rhizobiua associations under stress conditions
including Rhizobium characteristics and soil testing
methods. i

4) Genetic variability of selected Vigna spp. with
Tespect to tolerance to soil acidity.

Greenhouse and laboratory Procedures have been developed
during the initial phase to permit rapid progress on all but the
last item; where much work will be required to elucidate the
inter-relationships among soil stress, legume host, and Rhizobium
performance.
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GENERAL APPRAISAL

This project has been identified by TA/AO as being of
high priority, and its extension for three years has been included
in TA budget plans. The plan of action presented in the proposal
may be expected to provide substantial benefits to LDC countries
who must increase food production with minimum inputs. The cost
estimates are appropriate for the planned lesvel of effort.

The project was reviewed by a team from AID and USAID in
February of 1977, The review team found that the effort to date
had been excellent despite start-up delays, and that continuing
funding should be assured. The team acknowledge that the testing
process, especially field testing was a slow one, and proposed
a Phase II of greatly increasing activity (and funding), followed
by a Phase III at this high level for a period of 9 years to
enable a full program of field testing to be carried out.
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APPENDIX 8 .- MILESTONE CHARY

.. Phe .
ACTIVITY Initial Phase Extension Phase

1975/76 1976/77 1977/78 1978/79 1979/80 1980/81

A: Rhizobium Collection and Testing
1 Assemble strains
A-2 ldentify superior strains
< A-3 Establish network of collaborators o—
4
5

ouw
>

ou

A A A A A

——

Distribute catalogue 8- *E >
Distribute Rhizobium culture

(TID

>

B Inoculation Methodology

B-1 Evaluate inoculum carrier packages

B-2 Evaluate beneficial fungi

B-3 Develop improved incoulation methods

a) against ingffective soil
population

b) high temperature conditions

o

8
C
- O

QW

o
v

[o4
O

ow

C: Cultural Systems to Maximize N Fixation
C-1 N contribution to Intercropped Legumes
C-2 Lime and fertilizer effects on N fixation
a) soil N, determinate vs.
non-determinate legumes c
b) phosphorous nutrition —0
c) lime and calcium responses 8 41%‘
C-3 Systems to maximize N fixation
a) at high levels of soil N 8
b) in competition with non-legumes 8 >

cn

ow
b Do
le]

on

D: Training 8 3
a) 5-week Rhizobium technology courses o— —4h
b) Graduate assistants 8— —h

> r
>u
the

e

!

= Interim goals = Start

8
(o]
[+
(]

A
X‘= Revision of program or catalogue = Completion
A

= Planning conferences or training courses held
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Appendix C

Detailed Budget

(page 1 of 2)

. 1978-79 1979-80 1980-81 Total
PESCRIPTION Mos . Costs Mos . Costs Mos. Costs Mos . Costs
SALARIES
Microbiology
Asst. Microbiologists - 24 35,530 24 38, 200 24 40,200 72 113,930
Technicians (Res.Assoc. II) 24 27,120 24 28,300 24 30,000 72 85,420
" (Res.Assoc. 1) 12 11,500 12 12,100 12 12,770 36 36,370
Grad. Res. Asst. 12 12,000 12 12,600 12 13,300 36 37,900
Sub-subtotal 72 86,150 72 91,200 12 96,270 216 273,620
Agronomx
Senior Agronomist 12 33,600 12 34,850 12 36,100 36 104,550
Asst. Agronomist 10 13,750 12 17,070 12 17,650 34 48,470
Agron. (Post. boc.) - - 12 16,000 12 16,000 24 32,000
Technicians(Res.Assoc. I) 24 21,000 36 33,000 36 35,400 96 89,400
Grad. Res. Asst. 12 12,000 18 18,600 18 19,600 48 50,200
Sub-subtotal 58 80,350 90 119,520 S0 124,750 238 324,620
Extension -
Ext. Sen. Microbiologist - - 12 28,100 12 29,400 24 57,500
Asst. Microbiologist 3 4,580 3 4,81. 3 5,150 9 14,540
Asst. Curator(Res. Assoc II) 12 13,560 12 14,760 12 15,960 36 44,280
Sub-subtotal 15 18,140 27 47,670 27 50,510 69 116,320
Support
Project Manager 12 17,820 12 18,500 12 19,220 36 55,540
Secretary 12 12,640 12 13,250 12 13,900 36 39,790
Clerk-typist - - 12 10, 000 12 10,560 24 20,500
Bibliographer-Editor 6 7,000 12 15,200 12 16,400 30 38,600
Utility person - - 12 10,000 12 11,200 24 21,200
Student help-casuals ~ 6,000 - 6,000 - 14,000 - 26,000
Sub-subtotal 30 43,460 60 72,950 60 85,220 150 201,630
173 228,100 249 331, 340 249 356,750 613 916, 1%

Subtotal




APPENDIX C

(page 2 of 2)

FRINGE BENEFITS

CONSULTANTS
NETWORK COSTS

Planning Conf. (incl. travel) 10,000
Regional Conf. (incl. travel) ---

Regional Coord. Grants
283,000

Cooperator Grants @$500
Subtotal

TRAVEL § SUBSISTENCE
Project Personnel
Domestic -
Foreign (incl. Network
Coord.)
Subtotal

PARTICIPANT COSTS

FREIGHT

PUBLICATIONS

EQUIPMENT & SUPPLIES
Library & Computer
Office/Training Supplies
Agricultural Supplies
Scientific Supplies
Utilities and Lease
Office/Training Equipment
Agricultural Equipment
Scientific Equipment

Subtotal

SUBCONTRACT

VEHICLE LEASE

INDIRECT COSTS

TOTAL

1978-79  1979-80 1980-81 Total
40,300 60,400 84,000 165,200
4,000 5,000 5,000 14,000
.- . 10,000
15,000 3,000 18,000
.- 15,000 18,000’ 33,000
- 15,000 18,000 33,000
10,000 45,000 39,000 94,000
7,000 7,700 8,400 23,100
12,000 20,000 20,000 50, 000
18,000 27,700 28,400 75,100
18,000 19,800 21,800 59,600
——— 10,000 6,000 16,000
3,000 6,000 6,000 15,000
1,500 1,800 2,000 5,300
4,000 5,000 4,000 13,000
6,000 10, 000 10,000 26,000
14,000 22,000 20,000 56,000
12,000 14,000 16,000 42,000
1,500 2,000 500 4,000
6,000 12,000 3,000 21,000
15,000 13,000 3,000 31,000
60,000 79,800 58,500 198, 300
35,250 35,790 36,880 107,920
6,200 6,800 7,200 20,200
73,000 106,030 114,160 293,190
497,350 733,660 743,650 1,974,700
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Appendix

D

Input/Qutput Budget

INITIAL PHASE 1978-79 1979-80 1980-81 TOTAL
T T [hork  costs WK Costs | NoTK cost: | Thru Jume 1, 1981
INPUTS
Salaries § Wages 396 372,050 175 228,100 | 249 331,340 | 249 356,750 | 1,069 1,288,240
Fringe Cenefits 60,907 40,800 60,400 64,000 226,107
Consultants 7,886 4,000 5,000 5,000 21,886
Network Costs | ao____.. 10,000 45,000 39,000 94,000
Travel § Subsistence 49,104 19,000 27,700 28,400 124,204
Participant Costs 47,877 18,000 19,800 21,800 107,477
Freight } - | . a_ol_C 10,000 6,000 16,000
Publications 2,880 3,000 6,000 6,000 17,880
Equipment § Supplies 192,349 60,000 79,800 58,500 390,649
Vehicle Lease 9,800 6,200 6,800 7,200 30, 000
Subcontract 78,630 35,250 35,790 36,880 186,550
Indirect Costs 110,824 73,000 106,030 114,160 404,014
TOTAL COSTS BY INPUTS 932,307 497,350 733,660 743,690 2,907,007
OUTPUTS (Res. Objects.)
1. Rhizobium collection | 79 186,450 18 49,700 20 58,700 20 59,500 137 354,350
2. Selection of
superior strains 59 139,850 44 124,350 62 183,300 62 185,900 227 633,500
3. Network of field )
testing . 14 39,800 37 110,100 50 148,740 101 208,640
4. Inoculation
methodology 40 93,250 26 74,600 30 88,000 17 52,050 113 307,900
5. Legume N-contribution
cropping systems 139 326,300 52 149,200 75 220,100 75 223,100 341 918,99
6. Training program 79 186,457 21 59,700 25 73,360 25 74,400 150 393,917
TOTAL COSTS BY OUTPUTS 396 932,307 175 497,350 | 249 733,660 | 249 743,690 | 1,069 2,907,087
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RWSEARCH PROJwC qs,o“" 0
Por-ME -Y03

UNIVERSIT. OF HAWAII COLILAGH or J(OPIF‘u ACRICULTURY 2

Conri f( M- FIXA770 W — Symafor/c: TROF LEG eme SP
PROJFCT SUNMMARY

Nitrc) cen Fixatioa by Leenmns ns oo Melor
ictor Tor Yood P‘udHLLJOI in Lzoo
Developed Countrics

A. Title

B. Duration Three years with possible extension v

C. Estimated Cost

$200,000.00 for three years /

Dr. A. Sheldon Whitney

Maui Agricultural Research Cepley
P. 0. Box 187, Kuluw, HI 96790
Phone: (808) 878-1213

D.. Pfincipal_Investigators

Dr. Burton L. Koch

Department of Agroucomy and Soil Science

Jniversity of Hawaii

3190 Maile Way, Room 300

Honolulu, HI 96822

Phone: (808) 9u48-8h19

3/~6/3

E. Narrative: The recent p~icé increases for chemical nitrosen
fertilizers has turther restricted their usefulness
for food production in man,; LDCs eswveciall, by suzll
Tarmers. The most feasible al.ernntive N-source is
synblohlc N-fization by legumes. Legumes aust alco
serve an increasingly important role in providing
high-protein food and feed in protein-deficient IICs.

~
J

Most of the research on N-fixation by legumes has been
done in the tempersatc zone, but most of the tecnnicvues
arc applicable to tropical environments. Tropicsal
Rhl?Objum research pro"rdms are in prosress b a few
centers 1n01udlpd CIAT; IITA; Cunningham LLuorator/
end Townsville L1b01uLoLy in Queensland; JARY =2,d A
few other sites in India; Rehovat, Isvael; University
of Nalrobi; ond University of Hawaisd; with wnalley
progriung ab a few additionnl centers. Some work is
“also envisioned for ICRISAT.

This project is directed at one of the more important
phases o the work provosed Lo be done by Lhe Intervan-
tional Plant Hutrition Institute recommended by the
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Consultative Group.on Interantional Agricultural
Research for its sponsorship. Therefore, the work
doniz upder the project will be coordinated with that
undertaken by the International institute when nad if
it is formed to assure that there is no duplicatioan

of effort. The success of the coordination or inte-
~gration of this project into the multinationnl insti- e
tute will determine the extent of A.I.D. support before
further funds arc obligated and will be a major issue
at the time of review by RIGC and RAC when cousidering
vhether or dot this project should be extended beyond
the initial three years,

This project is intended to enhance these programs and
to enable additional ILiCs to promote symbiotic N~
fixation research and developiment programs.by a)LQQm:
piling 8 world collection of Rhlvoblum strains reputed
to form effective associations witn legzumes uader
tropical conditicus, bz?cnaracter izing many of thesc
strains as to effective host rangz and tolerance to
adverse soil conditions andddistributing superior strairs
to agriculturists throughout the tropics, c) developing
more dependable inoculation’'methods for use in the LDCs,
d)s developing cultural systems which maximally exploit
the Rhizobium symbiosis as a source of N Lor fond produs
tion, and ¢)btraining Liologisls from LDCs in Ruizobivm
research and production technology.

II. RESEARCH PURPOSTE AND LEXPECTED FRODUCTS

A, Purpose ¢ The proposed research and training program is dirvected
toward increasing food prodv-tioa in the tropical LICs
through greater exploitation of nitrogea fixation by
legunes.

B. Objectives: 1. TFrom a comprehensive collecticn of Rhizobinm strains
select and characterize supe+~ior strains adapted o
iropical conditions for distribution to recearch and
inoculum-production units in the.tropies.

2. Develop improved tecnniques and cultural syshens [oz
ensuring u) depzndable eiffective nodulation and
b) max tmum utilization of legume-fixed N,
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3. Train researchers and fnoculun-producers in the
appropriate technlques and subject matter 1o
applied research ang teclhnology in Rhivobiam
bacteriolegy. A

(IIL. RATIOMALE

A. . Significance of the Problem: ¥From anclent times, the nitrogen

- required for the growing of food and feed has been
obtained primarily frem a) accretions Trom rainfall;
b) non-symbiotic B-fixation, especially Azotobacter,
Clostri@igﬂ and blue-green algae; and def_EEbSFEHHtly,
¢) symbiotic nitrogen fixation, primarily lejsume-
Rhizobium associations. These processes are modified .
by practices which relense N previously accumulnted
in the organic matter pool, or recycle or move N from
one site to anotier (i.e, green-leaf manuxring, appli-
cation of animal and human cxcereva, composts, etc. ).

In very recent times, the availability of inexpensive
fossil fuels has made possible important additional
sources of fixed N which have permitted itremendous
yi=ld incveases in the technologically advanced coun-
tries. However, chemical W fertilizers have usually
been relatively e«<pensive in the IICs due +n sliipping
costs, technological costs, and the low purzhasing
pover of small farumers. 'The recent price increases

in fossil energy are giving rise to drasbic increases
in the cost of chemical N fertilizers -- in some cases
the price has quadrupled-- thus fursher limiting the
feasibility of increasing food production by this means.
However, even if tropical farmers (and countries) could
afford the now-costly N fertilizers, it would be
physically impossible to manufacture sufficient supplies
w£¥h low fertilizer prises noaufacvurers had not been
investing in new production facilities and arve unahle
to mect current demand.

At the same time, the supply of protein in the LDCs 2/
(only 65% of the FAO recomnended intalke in Southruct Asin )
continues to lag far behind protein requirements.  Much of
this requireazat will have %o be met by inereased produc-
tion of pulses and other leguminous products. Lepunes

musy also play n very lmportant role in inereasing the
production of animal protein which is cven more delicient
than plant protein.

1/ W. Gurman of A.I.D. quoted in Forbes 113(5)29. March, 197,
g/ FAO Producilon Yeurbook, 1971, Vol., as
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Although the quality of lepgume protein is sonewhnt
inferior to animal protein for monopastrics (more

89 for the rat than the htunan ) many ol the qualitative.
deficiencies disuppear when sufficlent protein i feqd
to maintnin the individual in positive N baluncqé/.
The key to improved nutrition Lthus lies largely in the
production of culinarily uneceptable plant proteins and
animal proteins in sufticieut quantity and at low
enoush cost to stimilate tnereaseq consumption., Sueh
& program must ultimately fall back on officient lepgume-
Rhizobium stralns which can fix carbon and elfficiently
use that carbohydrate o fix nitrogen.

Poor nodulation and low efficiency of indigenous
Rhizobium strains is‘'a common limiting factor in
- increasing the yields of legumes in tronical LICs.
This is particularly noticeable in standardized tests
—such as thoce conducted by INW30Y, in which low levels
of N-fixation have been noted in many cases.

. There are bresently very few trained }Pgume bacteriolo=
glsts in the tropics and sub-tropics, and this lack

-of personnel is perhaps the greatest limitation governing
the rate of progress which con be made in the area of
N-fixation by tropical leguines. This stete of affairs

is due in great measure to g strong emphasis in recent
years on the use of N fertilizers in the “fireen Revolutic
azd by egeacies such as A.I,D.

B. Relrtion to Existing Knowledge: Although legumes have historically
' been a major source of rrotein in the trcpics, most of

the research in Legume breeding and culture has been
done ‘in terperate climates. This is particularly tiue
,0f ‘resenrch concerning the legumejghizobia symbiosis,
Significant reczearch programs concerning symbiotic Ne
fixation in the tropics and sub-tropiles are underway
in Australia (esnmecially pasturs legumes), Brazil,
India, Mavaii, Israel, Kenya, end more recently in CIAT
in Colombia (espeeially with Phaseplus), and TITA in
Nigeria (espccially with cowaHETT-Tﬁgaller nrograas
are also underway in several other countries, and work
on Cicer and Cajanus is anticipated at IZRISAT,

Relatively few collectip 5 of Rhizobia are mainktaiqea
LR

in the tropics, however? » and 1ittle work has beon

done on Gereenling stralng for aduptation to the various

'3/ Kies, €. and Ii. Fox, 1971, J. Food Sci. 36:81 :
. J/ Perconnl Communication: M. Alexander, Cornell Untiv, (Partlcipant: UNEP
-Survey of Tropleal Soil Hicroblology Programs)
5/ Alen, 0. N., E. Hamatova and T, A. Skinner, 1973
IBP World Catalogue of Rhizoblum Collections. 282 pp.



-5 -

stress factors comaon to the troples, or in devisiye
techiniques which would ninimive the ef''rets of such
stress factors on symbiotic N fixation,

Soil fertilily sericuply wnd freguently limils
symbiotic N Lfixatiou.-“ Moah dmportant are deticien-
.cles of P, 5, and K, which exert their effect on
fixation indirectly, by Lliaiting piant frowih. More
direct and probably ol equal importance in the hunid
troples, is the eflect of several pll-related f'2ctors --
acidity itself, aluninum toxicity, mangauese toxicity,
calcium defliclency, and wmolybdenuwn deficiency. Research,
meinly on temperuate legumes, indicates that the main
effects of acidity und caleium deliciency are.on the
process ol nodulation,, the main effect of aluminum
toxicity is on plant growth, the main cffect of moly-
bdenum deficliency is on the No-fixing process in the
nodule, and that Mn-toxicity can limit nodulation,
Tixatjon, and plant growth to almost equal de;uree.
However, the relative importance of these differeat
facets of soil acidity, and their relative influence
on different aspects of the symblosis, differs from
s0il and between species and varieties of plant.

Tropical legumes as a group are often reputed to be
more resistant Lo the adverse effects of soili scidity
and less phocphate demanding than temperate legumes.
However, the available evidence suggests that tropical
legumes, like tewperate legunes, are diverse in their
requirements.

Adequate corrvection of nutritional disorders by liming
and fertilizalion is often difficult and costly in tie
IDCs. Many tropical soils have inordinately high re-
quirements Tor phosphate. Requivsements for lime wmay

be large, so that liming costs rise sharply vith remote-
ness from exploitable sources, especinlly where transpors
facilities are liamited. Turthermore, liming to correct
acldity may create or agpravate other nutritiounal dis-
orders (deliciencies of Zinue, boron, and phosphute),

and this tendency appears to be most marked ia soils
high in sesquioxides such as the oxisols and ultisols

50 important in ggriculture in the humid tropics,

6/ Munns, D. N. 1974, Mineral Nutrition and the Logume Symbiosis. (A review)
in Dinitrogen Pixation (R. W. Hurdy, Ed.), Wiley & Sons. In Press
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For all the above rensons, there Ls Justillention for
research which Vi1l lend to the selection and dishri-
bution .of superlor stralns ot Rhi'ub\um which nre
adupted to low-lime, infertile soils nnd to cheaper
and more cilective methods of correction, such as Lhe
use of tolerant legume genobtypes, improved pelleting

‘procedures, betler timiag and placemant of seed,

IV. RESEARCH LINKAGES

inoculun and fertilizer, ete. Similarly, there is
necd for researcih which will pemait the selechion of
leguwne~thi obiun associations whieh are tolerant 6o
other stress. conditions such as hizh temperatures,
root exudates, gel coatings on soil particles, ete

The dlstrlbutnou and enployment of robust strains of
Rhizobium may lead to greatly increcsted symbiotic N
fixation in many areas where stress conditions present
limit legume production.

The vork in temperate climates and in Queenslang,
Australia provides a firm basis for establishing a
research program designed to en? e symbliotic N-fixation
in the tropics and sub-tronics. The basic techni~
ques are vwell-defined, but additional workers must be
trained and addltJOnal work +is needed to make superior
Rhizohiam cultures available to the agencier and
produCﬂr who can benefit from them, and to devises
improved cultursl techniques snited to conditions in

the LDCs.

A.. Multinational: If, and when, the international plant nutrition

.7/ J. !l; Vineent.. 1970,

institute is formed under CC1AR sponsorship, the
closest ties Letween the research project and the
instituts will Le essential, The exact nature of
these ties will depend on the project leaders and on
the policies und personnel of the new institube but
both will be influenced by A.I.D. If the iastitute

becomes a coordinaling secretariat as some potential
. > .

backers are sugnestingg, this project would Tit neasly
into the pattern. If the institute becoaes a fully
stulffed and orguanized research center, then “he work
on this project may cither be turned over to the new
or. anlzation ov more Likely the worlz on the project
would be ore narrowly defined and eClorts withia the

new Limits iatensified. The Tull dimension: of the

problems and opportanities in Rhlzobinm-legune elCiclency
go well beyond tae capapllity of the nlunu"d projueet
or Lthe larpesth pruunblc secope off the proposed institute

It Mnaual for ihe Prnctjcnl Study of Root Hodule Bacter®

I0P Handbouok No. 15. 154 pp.

8/ Norris, 1. 0. 190k,

Legime Bacteriplopry. .in sone Concept and Mcthods i

Sub=Tropicnl Research. CAB Bullcetin Nu. Wi 93-101.
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Trainiay programs will be closely coordinated with

Rhizobium Liacteriology pPrugrans ot the Universities

of Cnlifornla Duvis, Florida, Minnesota,
Iown State end Ohio Sis
for which training is neednd.

Texas ASM,

tbe, depending on the snecialtby
Also linkage will ne

maintained with the World IFederation for Culture
Collections, the ICRE-URILSCO Miceobiology Prosran and
UTEP throngh Prolessor Martin Alexander of Cornell

University,

Close linkapge will be maintained with

the 211(d) Tropical Soils Consortiwa and “he Bench
Soils Project, both of which arc AID-funded
projects domiciled in the Department of Agronony
~and Soil Scieuce, University of Hawaii.'

Mark

Certaln aspects

of the research on Rhizobium-s0il

——

chenistry interactions will be sub-contracsed to
the Department of Soils and Plant Nutrition of the
Unlversity of California - Davis, in order to ealist
- the expertise and research support of Professcrs
" D. N. Munns aad C. C. Delwiche.

Research coordination and supplemental. funding for
‘additional related research activities will also be

sought through the Hawa

Agriculturs.

C. Foreign:

ii Institute for Tropical

Cooperative r:lationships will be particularly sought

at the folloving ceaters (or programs) in order to
provide broad mutual support for the collection,
screening and field-testing of Rhizobiim strains and
for evaluating cultural techniques,

Center (ov Propram)

CIAT
IITA
INTSOY
IPEACS
ICRISAT
AVRDC
ung Tsing Nat'l. Univ.
Poona Biol-N-F'ix'N
Scheme

IART

Gadja Mada Univ,
Rothamstad Expt. Sta.
CSIRO-Cunningham Lb,

ALS5-UPR

Countrx

ColomLia
Nigeria
H. Q. Ill.
Brazil
India
Taiwan
Taiwan

Indisa
India

Indonesin
Ingland
Australia

Puerto Rico

Dr.
Dr.
Dr.
Dr.
Dr.
Dxr.

Contacs

Peter Jrahan
A. Ayanoba
C. N. Hittle

J. Bobereiaer
R. Cumnings

R. Chandler

Prof. M. Wu

Da.
Dr.

DI‘I
Dr.
Dr.

Dr.

V. .P. Bhide
N. S. Subba
Rao

Jutono
P. J. Dart

R. A. Date

G. Spain

Area
of Specializatigg

Phaseolias spp.
Vigua spp.

[ad

soybean

Soybean & others

Cicer % Cajanus spp.

*Mung & Soybeans

Soybean

Peanut & otherc
S0il & Rhizopnere
Stress Factors
Soybean & others

Cicer & others

T;Gﬁzcul Forupe
Lepgunes

Veygetable legumes
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V. PLAN TO FACILITATE UTTIIZATION OF RESULILS

An annotated ~ataloyue will be produced which will describe the Rbizobiun
strains in thce comprenensive collection, and this will be distribubed to
agencles and workers throuprhout the troples., As screcaing and sclection
proceeds, the catnlogue will be updated at intervals to permit researchers
and inoculum producers to select the strains best suited for local use.
 Strains of Raizobia listed will be supplied to any appropriute agency upon
request.

In cooperation with the centers, TAB, and the ‘regional burenus, popular-type
reports and bulleting will be prepared. In addition, research resulis will
be published in journals having wide distribution in the tropics, and
scientists will be encouraged to make presentations at meetings attended by
tropical biologists, agronomists, and agricultural administrators.

Trainees and praduate research assistants will be recruited from agencies
which are directly involved in upgradiig crop production in the LiXCs, either
through applied research or extension-support programs (such as seed or
inoculum production and distritution.) Upon rctura %o their posts, these
"people will be expected to incorporate the results produced by this project
(such as selected Rhizobium strains and improved inoculation technigaes)

" into their own programs. Consultation will be provided as nceded to assist
in the upgrading of current programs or in establishing new programs directed
toward increasing N-fixation by legumes.

Additional utilization of results con be expected through cooperative pregrams
with the research oiganizations listed in the previous section.

VI. MANACEMENT OPERATIONS

A, Facilities: The University of lawaii is prepared to commit space
‘ laboratory, office and a glasshouse to this project.
In addition, field testing can be conducted at any of
the over 20 research sites maintained by the Hnwaii
Agricultural Experiment Statiosa, periitting the sampling
of a wide range of soils (including the isporitant
Oxisols and Ultisols) and climatic regimes.

B. Evaluation: Evaluation of the project shall be carried out under
the auspices of TA/AGR and shall be conducted annually
or nore often as appropriate. Critéria for evaluation
may Include the following:

L. Research

a&. Rhizobium collection to represent a very broad brse of

- -

germplasm from throughout the tropics.

b. Screcning program to identify Rhizobium stralns which
have:
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(l) supcrior efficiency--each major pulse and some
forage-type lepginmes.

(2) bhigh levels of tolerance to high soll AL and Mn,
' 1lov soil Ca and Mo, hirlh soil temperature, and
other stress factors.

+¢. . Fleld testing to involve nt least four sites by end of ,
second year and to include the major pulses and N-source
leguines adapced to the region represented by cach site.

2. Training
8. Calibre of groduate research assistants and traineces
recruited. ' :

b. Increase in uﬁderstnnding of microbiological and agronomic
principles, and improvement in eppropriate skills by R. A.'s
and tralinees. :

c. Success attained by R, A.'s ard trainces in using their
training and the results of the project to uppracs programs
upon returning to their countries.

3. Utilization

&. The number of tropiral IDCs where the superior strains thus
selected to becomsz the basis for expanded legume-inoculant
programs. '

b. -Acceptance by tropical producers of project-developed
techniques for inoculation of legume and for exploiting
legume fixed N.

C. Rationale for Selection of University of Hawaii as Contractor:

The HMawaii Agricultural Experiment Stetion has an
extensive background in the areas of tropical crops
and soils, OF particular relevance is the expertlze
represented in the management of tropical s0ils whizh
are often acid and have a high P-fixing capuclity.
There is also considerable competence in the nren of
troplcal legume cilburz-~particularly forage Lerames
and vegetable lesumes. An nctive program of soil
microbiology is also andervvay with research focuasing
on soil pll effects on legume N fixation as well as

- other topics. ’



-0 -

A listing of the stafl of tiw Departaent of A ronomy
and Soll Science ts iaclided ng Attachment A, ///

Research sites are availuble year-round for lield
testing of legume aad soil x Ruinchbiun inteenctions
-under o wide range of soil and cLimnbio condition.;,
Daylength cffects do nob diftler greatly from the
conditions prevaliling ia'most tropical LIX:: an
important fuctor ia erops such as soybeans,

Howaii also enjoys a good exchanpge of inforaation

and persoanel with many tronical Arcas--pary icularly

in Asia and the Pucific--due its "erossroads" Llocation
and the large nwaber of graduates working in the tropics.

VIL.  RESEARCH DESIGN AND METHODS

A, Plan of Work

1.

. EXPECTZD MONIH 70
ITEM START COPLETS

et ey

Survey existing work on N-fixation by 0 8
tropical legumes and on tropical Rhizob%g

by means of questionneires and visits to

research centers and international cenler-

ences. Write review of work in progress,

Recruit graduate research assistants, 0 6
Conclude working agrecments with tropical

research centers [lor Rhizobia and legume-

nodule collection and for on-site field

trials. '

Employ the internationally known consultants N 5
for 2.4 week periods to assist in developing

(&)

efficient training and research procedures,

syllabi, etc.

Collect straias of Rhizobia, both from 0 Cont lauous
existing collections nnd new isolates fron
nodules, which are reputed to form eflfective
associations with tropical lemunes in the
tropics. Establish a computerized catalogu-
ing systen.
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12,

'l3f
1L,
15.
16.

17.

-]l -

Gradunte: trhining: Twe research fellow:

Test library strains of Rhizobla for hLost
range using sclected legumes in the greea-
house, :

Screen selected strains of Rnizobia for
tolerance to:; . : : o

&, high soil temperatures (laboratory,
greenhouse)

b, high levels of AL and Mn (greenhouse,
© field) .

¢. low levels of Ca and Mo (greenhouse,
field) '

Circulate first ennotated catalogue of the
tropical Rhizobium collection.

Employ two internationally-known consult-
ants to review the program, assist in the
training program, and to recommend progrem
Improvements. '

Conduct first 6-week treining program for
s8ix traineecs frou LICs,

Convene an international conference in
Hawaii on the topic of Nitrogen Fixation
by Tropical Leguues. :

Conduct second G-week training program
for six trainees.

Graduate training: Two additlonal graduste
Ro Ao'sc Co

On-site field trials at Cooperating
Institutions

Studies of inoculation techniques and
techniques for extending culture life.

Studies on utilizing legunes as a source
of N for non-leguminous crops.

Conduct third nnd fourth G-veck training
programs for 6 trainees each session.

12

12

12

13

14

12

15

18

33

36
2}

18
30

30

1k

13

1%
16
36

36

36

36
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1.

Asse: e, serzen, nud fleld-cvalube n comnrehensive

—— - ey e

Pt P " - - ——— - ettt
collec!.ion of tronical.-lecva: sihizobitun shralas,

8, Survev ihe status of Rhlzoblam research presently beigu
| . ——.——-‘.‘-—-:‘.’-“o—“—-.w—-:ﬂ-.-a Nt D Ay D ol i) o Nty S .-'--—:-— bl X T y
T eonducsted in the tronics, or on 1c5gqﬂ—hh1wog;um a350¢ in-

tions importnt to bhe tronics.
. et el s - o - - e -

This survey will be carcied oub by means of hoth Jquestion-
naives and visits bto resecarch ceinters, At the same {ime
liaisons aad cooperative working arrangements will be
established with vorkers in the tropics. Such arrangements
will be especially sought with the centers and programs
detailed in Section IV, '

A status report will e brepared in the first year to serve
as a guideline for developing detailed testing and training

pluns.
b. Estshlish a comorehensive collection ("Bank") of Rhizobium
o strains reputed to Torm sywbiotic associations with tropical

legumes.

This colliection will be based on bactzria obtained €rom tvo
general sources, Initially cultures will be solicited Ffrom
existing collections with emphasis on BEEEQEEEE of the cowpea-
type as well as those which are specific for the major pulses
and N-source legumes common to the tropics, This foundation
will then be extended by isolating strains from legume nodules
supplicd by cooperating vorkers throughout the tropics,
Bacteria isolated from such nodules will be t2sted against
Phaseo%gg lathvroides (due to its unusual promidcuity) or

the hoct frow which the nodules vere collectad. The nresence
of nodules, no matter how slight, confirms thas bicteria

as a RhizogilﬂL Standarl procedures will be uzed In the
isolation and maintenance of Rhizobium strains froam acdules,
but bhesa will Le modified as.necdéﬁ*Tbr.special situatton:,
For example, where fresh nodules ars obtainable, special
precautions will ve eeessary Lo assure the isolation of

the destr=d Bﬂiﬁgliﬂﬂ frem old or dessicated nodules ia the
Presence of nuierous coutnmlnaubu-~including secondary
Rhizobiu@ strains.
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Detepaine the hnsk‘ruqﬁp_nnd voelabiye Nu"ixini efficiengy
of’ Khizobium stLeatias,

Preliminary assessment of the ability of a particular )
Rhizobinn to uodulaba speeitie leguwies and off the el by

ol' th.: symbiosis bty Tix nitrocen will be evaloabed Cirst
on agar slopes or in modif'ied "Leonari" Jurs in the greenw

-house, using spediol precanbions o prevent cross conbamina-

tion by air~borne or droplet-bovie Roluobiim,

The effectiveness of Rhizobiam shrains for symbiotic N-
Fixation will be assoessecd inltinlly Ly deteemining  the N
Yield of the inoculated plant. Once the correlations
betweed plant yield and Sotal nitrogen hawve been established
for djfferent leygume snecies and enviromuiental conditions,
the dry weignt method of evaluation is expected to be
adejquate for farther grecunouse and Tield shtudies.

A1l Rhizobium strains found to be effective in fixiag N

with one or more legumes, or reputed Lo be eflective elsevhers,
Will be catalogued and maintained in long-term storage. '
Storage procedures will be bLased on freeze drying (lyophyli-
zaticn) or a similar method wa provide for minimal autation

in storage yet easy accessibility for furthexr testing or
distribution to workers elsewhere in the tropiecs.

Characterize sclectad Rhizching culiires with resnect to
— SR AANE LY TEBPECE O

- enan - an o—e—sa wy

environmental requirvenents.

A broad svectrum of Rhizopigﬂ strains from the colleciion
described above will ve seleebad Lo represcat the more
efficient strains for =ach of the major tropical pulses and
N-source legumes. It is esbimabed that 15-25% of the
collected shralrs will be chosen for t2sbing,

The selected strains will be churacterized as to their
tolerance to the folloving stress factors which are
commonplace in the tropics:

1) high levels of soil Al and Mn
2) low levels of soil Ca and Mo
3} nigh soil temperat wes

As time permits the selected staning vill alzo be tested
for ability to nodulate oad fix N in the prescace of soil
N03 ad for tolerance to high osmotic pressinve,
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Taitially, some of the rapid sececening trials will be
conducted in the greennonse,  Verification L2ty and moce
intensive testing of specifie factors and interactiong
Will also be conducted in the field sharting shortly
thecealter, Growth chamber experiments vill be used to
define 1n more detnil the effects of fackbors Vitlch are
goveracd or modified by aerial cuvironment,

o
The coantinnous function type of design promi.secs special
advantages as the basis of a Screening program and is
suited to both Field ane greenhonse stadies, The procedars
is to esbablish replicate blocks i1 each ol which there is
& continuons gradiz=nb in the exnerinental variable, such
as soil pl, temperature, or nutrient level. Precise come
parison of any number of legume and/or Rhigggégg genotypes
is then readily done by aligning them side by sije along
the gradient. One such trial on a high-Mn soil in Hawaii
is presczatly showing response to a lime gradient, including
& differential tolerance of soybean varieties to Mn-toxicity
and a differential response between lines of Egggg&gg
leucocenhala to overliming, as vwell as several large
differences iq response to lime levels between geiera and
species,

For the preliminary screening of Rhidsobium strains in the
‘greennouse a scaled down modification of the continuons

" functioa field trial will be ermloved.  Sopil ienperatare
effects will also be studied using the continuous function
design in connection with a large temperature-gradient bar,

In addition, ocutrolled greenhouse expeviments will be
conducted as needed to clarify particular issues, such as
the effects of Gifferent aspects of 50il acidity. Conven-
tional statistical designs and cul ture-solution methods Wwill
be used for these kinds of experiments, ’

Fiell-tcsting at several sites will be initiateqd imaediately
upon'conclusion of the first screeaing trials in the Jrei-
house, and will be used to verify the grzeanlouse data, and
to evaluate the influence of various Tactors uander tne
complex ecological conditions of the field. For wany of
these tests, the continnous funation design will pe caployed,
and the results plotted agninsh the variable(z) oclap
revalunted, Repression techuiques will then pernil the
detection of significant differences anoie reshonse curvey,

9/ Fox, R, L. 1373, Agron. J. 652451
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Responses in most of the [ield experiments will be deliaed

in tering of acebylene eczdueblon capacity of the Cresh nodnlen
as well as by plant yleld. For certaln celbicnl comprieisons,
acntylene rcluctxon by inkact root systens will alaso be
measured.

On the Hasis of these brinds, profiles of ench tested shwall
will be developed, showing effeclive host vang2, N-Dixing
efficiency ia associction with sprecilic lemuies, tolerance

to a range of stress Ffactors, ete. This will pvrovide a basis
Tor sclecting superior straing for specilic legumes and

specific eavironments. - These strains will be seut to cooperat-

ing iustitutions as soon ai leasidle for addibional field
tests under a range of conditions representing most of the
tropics.

The profiles will be catalomied on computer tape to peralt
pericdic updating and easy retrieval. The updated results

“will be published at regular intervals as an amnotated cata-

logue, using offset printing of computer-printed tables, and
distributed to workers throughout the tropics.

2. ILv=]oB 1mnroved cultu*al Doractices to enhance nodulatlon and
utilization 01 l‘"uﬂu~i]\Pd 1.

a.

TIdentify and ref'ine inoculation procedures suited Lo the
poor storapge conditions and legune-ecstablishment stresses
encountered on small ferms in the tropics.

A variety of procedures for storing inocula and inoculated
seed, and for pre~plant inoculation, will be compared with
stiendard procedures. Tmphasis will be placed on pelleting
and tableting of sceds with inoculum plus other substaaces
which would be expzctad to L) increase storage life,

2) proceect the iaoculum against competing organisms or
toxic chemicals, 3) supply nceded nutrients, and/or

L) stimdate infccbion of rvob hairs. The use of readily
available material (such as milk, blood, common byproducts,
etc. and simple or standard-itenm equipment will be given
priority. '

The initial besling of inocnlants and inoculation procedures
will ve conduc»cd in the grecnhouse using u roage of legunae
hosts, soils, and cavironmental conditions. The most
proaising muterials and tecuniques will then be tested in
field trials ot sceveral locations in llawaii and at partici-
pating Institutions., Teosts will be condncted at differentk

seasons Lo further evaluabe the sultability of' bhe test
procedares over a wide range of coaditions. Reeovery of Lhe'
Rhizobiwa stralns used for inocwlating the legumes will be
oosessed through serolyping procedures.
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b.  Develop fmproved legume-culbare systems G meeimnlly exnlolt
© legume N-Cixation for food production,

Bolh perennindl and annunl Lepames whidel have very high capi-
citles for carbon (and nitrogen) Cixntion, yet are Lolerant
to marginal soil and vuater condltions, will be evaluated

&5 sources of N for non-lepumss, Initfally, shrubby Lejumes,
such a:z Loeucaenn ;cucogggggln, will be compared to viny
legumes (such as bolichus lfﬁlub or Glycine Javanies). Both
interplanting and caten 6&555155 aystens and COombinit ions

of the two will e avaluated in heems of 1) N-yield, 2)
recoverable in the non-legume, and 3) timing of N release

in relation to N demand or the non-legune.

VIII. DOCHNICAL REVIEW

A.

B - -

Rhizobium strains for tropical lepumes and their N~fixing;pf?ectivﬁness.
e LA : <~z S HERC U

The IBP World Catalogue of Rhizobium Collecticons (Allen aud Hamatova,
1973) lists collections of Rhizobium in the Following tropicel countries:
Brazil (2 collections with 11 and 14 strains), India (4% collections
with 3%, 13, 66 and 156k strains), Papus/lew Guinea (150 straing),
Tanzania (14 strains) end the U.A.R. (2 collections, 5 and 53 straiag)
Undoubtcdly there are soire other tronicel collections whichh vees not
listed and some of the'temperate—conntry collections (e.g., the
C.S.I.R.0. collection at Cunningham Laborator,, Queensland and the
Rothamstad collectipn) contain bacteria vhich are elfective on
tropical legumes. .Relatively new collections now exist at CIAT and
IITA also,

However, it is clear that the collection and maintennnce of Rhizobian
geraplasn in the tropics is at a very low level of activity, and
the production of inoculum for use by producers is the exception

to the rule,

A large body of literature indicates the great variation in N-fixing
effectiveness which exists among, Bhiﬁggiiﬂ strains ia association
with a specific host legune, and illustrates tae large increases in
N-yields tuab can be obtained by selection of superior Riizabiun
strains (e.g. Norris, 196h4). A great deald of work on seleation of
strains suited for tropical Lforace lepmvies was done hy the D». R, 0,
Norris of the C,S.I1.R.0. Cunningham Laboratory in Queensland and

his collection has underizirded much of Lae inereased ukilizacion

of pasturz legunes throughout the tropics,
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Sowrr of Lhe malses and lepnainons oll seeds which are important in
the tropics are also wvidely used i1 teapecats conubries, Steraias
OC erlecliye Rhi<obla havz2 been 1deatiried for thege Lemuonas and’
ave tneladed Tnw noaver of the collection; matntained in Lhe
UeSeAe and Burope. - The steuins wleh liove o been salected,
hovever, need to be cvaluated a3 to thelr unlbabllity for Lemuay -

genotypes in use La the Leopics and for Leopical 301ls and envivon-
ments.  Also, they are presently scattered among numeroas colleetion

malzing comparisons among strains, and the assembly of strains Cor
 Tield testing quite difricult Por Uhe averaze Lropical researcher.

B. To%gynnce of Rnizobinn

strains to acid solls and low nutrient level:

By

e

——— e - = LI IC R I W petapnuin iy

Munns (197&) has reviewed the literature concerning the effects of

+s0il acidity and nuteient levels on ‘the legume-Rihizobim symblosis,
and the main conclusioas were presented in Section ITI-B. A number
of researchers have reportad success in

—— -

which ars tolerant tn acid conditions (e.g. with soybeans; Franco

and Doberasiney, 1971; and with Leueaena leucocenhala

~—— - e el

However, much additional work is needed'agfﬂiirtify strains suited
for more ol the major tropical legunes, and to define such btolerances
in terms of levels of A1, Mn, Ca, and Mo, so that superior straias
can be recommended for = wide range of conditions.

)

In many cases, the effects of acldity and low Ca and Mo levels can
be ovewrcome Ly pelleting nrocedures which create a favorable zone
around the sced for Rnizobium geowth and infection. JHowever Ehe
interactions or Rhizobinn strains with pelleting procedures have
recelved little Efﬁiy in the case of tropical legumes, exeant for
pellet-pH effezcets on sone specics (summarized by Horris, 1966) and

limited work with forage-type lemunmes (e.g. Norris, 1971). Addition

of.small quantities of Mo to bhe pellet has been beneficial for
peas (Iswnran; Rao and Sen, 1971) and this technique may be usef1l
for other legures as well.

c. Toquﬁgpe of Rhiz iuq_stgpyls to spil_pux§ical slresses,

L.

R R IR I

Temne ature

501l temperature frequertly limits the activity and perslistence

of Rhizobia in the Swopics since supvival of many 3bralns of

Rhizobin i greatly veduced at hoC (Bowen % Kennedy, 1959).
There is, however, a wide variation amouyy strains with rzaneet
to high temperatare tolerance (Guss & Dobavziner, 1972), nnd
the elfuets of high Lamperataces can be overcome Ly practices
vhich fuvor high populations of the inktroduced vhizobinm, such

Norris, 1973).

selecting strains of Rhizobiun

——— e ettt = wo

as pcllcting (Souto & Dobereiner, 1970; Brocivell & Phillips, 1970).
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D,

E.

2. Oupotie Pressure

The effcets of wolsture stresy nnd salintty nppear Lo be similag
(Sprcuc, 19720 & b, and Subba Ruo cte 1. 2972) in that nodiartad da
is inhibited by bLoth moislture stresy ang salinfty,  N-Zixation
by establiszhed nodules Ls also denressed by moistiure strous op
salinity, but qdickly recovers when the stress is relieved--
unless the strass i3 swilicient to- cause sloughing of the nadule,
Selection of straing vhich are vesistant to salinity stress has
been reported for Sesbania caanabina (Bharduaj, 1972), wmd this
may be a useful means of selecting strains fop other legjume=s
which are grown on saline or droughty soils in Ehe tropics,
Pelleting has also proved beneficial for Phaseolus cuecas in a
mdhmsou.@mme,I&amm,Jmmﬂ,lﬁik.ﬁakﬁﬁrTm act
that such stress overates mainly on nodulation indicates tint
the main effect may be more on the infectivity of the roos hair
than on the Raizobiunm,

Procedures for enhancing nodulation. -

As mentiored in the breceding section, pelleting of legume seeds
increased the nodulation and N-yields of various leguminous species
under & variety of stress conditions, inclading acid s0ils, high
soil temperature, dry or saline 5011, and-Mo-deficient soils.
Pelleting also improves the storage characteristics of inoculated
seed, permitting seed to be Sown several wecks after inoculation.,

The pellet usually incorporates a layer of inoculum mixed with a
sticker next to the seed, end then coated with one more layer of
finely-zround lime, rock phosphate or calcium silicate (Plucknett,
1971). Tie choice of coating material depends on whether the

Lerunes as an Nesource for N-lecrumes,

The literature on green-manuring and green-leaf wanuring 1.; extensive,
especially from Indin and Indonesia (Calma ana Whitney, 1960 u & n).
Iutercropping of lepgumeas and non-legumes has bheer extensively practbiceqg
in India ang elsevhere, but critical studies of this practine nps feu.
Tropical pasture-type legume-grass mixtures have been shown %0 be
much more productive Ghan grasses alone (e.g. Whitnéy, Keneiziro and
Sherman, 1967) with the legume commonent contributing ia excess or
300 pounis of N/A/yr. to the nixture, Transfer of N. from legume

to grass was low, however, (Whituey ang Kanehiro, 1967), indizatiag
that incorporation of the vegetative portion of the legsume (i.e.

by nreen manuring or by trampling in pastures) would he necessary foy
release of' suf'ficient N Lo supnport vigorous rrowth by o non-1lepume,
Interplaqting of several legumes with corn has been raported by

-Agboola and Fayemi (l970, 1972). Corn yields vere quite low when

no aitrogen lertilizew yag applied, except 11 the case of iatzeerop
zgpseolus nurcus., There were no residual effects of tne lepune=Lixed
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N Ia the £3022 (the verelatize portion; wers rcmovcd), but pot
bests'indinnt;d 4oomdl restdual ¥ oefreet o1 awout 30 kg N/hn.

The use of fust~rtrowing shrubby legumas as nn Nesource 08 NOi-
legunes has been provoied heavily in India, using prinarily
Sesbania gpp.  These.undoudbledly nnke o significant contribution
wherd intensively used.  Recent selections oI‘;Aﬂy;yﬂyf.lggiggggggybg
which are extremely vigorous and iust sroviagr (ﬁ}ewbaker, Plucknett
and Gonzalez, 1972) provide an attractive alteranative siace yizlds
of up vo %) Lons per acre of green foliage containing about T00
pounds of N nive been recorded, and even higher yields are nossible.
Intercropping systens dsing this legume as an N-source are presently
belag studied ia Hawaii.

There is'a clear petential for the increased use of legumes s0lely
as an N-source. Hovever, systenms usiag this approach require

a) Ligh-yielding legumes, and b) sone compromises regardiag the
utilization of water or solar radiation inputs for c¢rop prodaction.
Reseavcn is thus ueeded to build the greatest possibvle efficiency
iato legume/non—legume systems in order to miaimize these compromises
and thereby maximize yields.
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Hif.ro;;cn Pixatlion by Leguines as a Major
Factor Tor Food Production in
Ix:35 Devedoped Countries

Edpense Category

Salaries
(Mun-months)

Consultants

Fringe Benefits
(20% of Gularies)

Overheand . .
(46.52% of Salaries)

Travel and Transportation

Allowances (Trainees! )

Other Direct Zosts

‘Equipment, Vehicles and Supplies

Praiainge ( Stafi[‘)

Subcontracts

Annnnl Totals'

Fll":‘-_E

$ 74,000
{12).

3,800 '.
14,000
- 3h,499
17,620
o
32,500
56, %00

0
20,500

$253,319

v

Yeor

Second

155,000

{150)
2,400

31,000
72,261

. 25,130
9,500
22,800
13,550
0

20,900
$357,991
Q%Sﬁb
YA

A

Third

$155,000
(150)

0

33,000
76,923 -

29,790
12,200
6,100
is;Boo
0

21, oo

$360,213






2« Concern over tie esbimabed equipment costs was 2AM25:50,
Furtive justification will be needn:l,

6. Emohasis shionld be nlaced on crops sn the tratitional Curaina-
cycle, zspecially food erops, rabice bhoa pash rees ad AT
Crops’ that have bLeen identificd Jor ezavly consideration ay.
list=d in Absachment O,

Te The esbimat2d cost in Ghe proposal is probably 1n excess of
funds available to ALILD,

8. The vilationship to the proposed G35 project on "World Riuischiug
Collzction and Siudy Center aeods to be elarified. I both
wers apnroved, ther: could be some duplication of eflort.

The project was prescated ko the RIS for review on Augusth 15, 197h
whea it was diszcussed in depih.  The N2Jor coicerl vas thnh in fhe
developaent of new projects in-soils and plant nutrition shewe
appzar=d Un be sevious possibilities ol duplleation of ziforlb acd
Inafficient use of A.I.D. rzsoarc—s. Folloring a livoly exchange

‘the Tollowing motion was vassad unanimously: .

RIGC recommends that this research proposal be opproved fou
forwarling to RAC on tie preaises (l) thnt the rasearch work
vill be firmly coordinated with, and to the extent possible,
fldly dateyweated vita the opsrabions of the international
plant nutrition institute, when and if the institnte is
forined; (2) that the Regional Burzaws of A.L.D., will be
consnlted in this regard at bhe anproprinte Lime: and

(3) thats appropriante lanpuase be inserted in the project
statemant for RIGY approval,

The aneadments to the project statement have beon made in accordance
With the conditions of the RI(C approval and have been cleared with
each ol the Regional Bureaus. Close liaisoa with the principnl
investigators will be maintained to asswre bhal bthe project is

fully responsive to the aeceds of the field proyram,

As pointed out under internal review, the budpet is somewhalb hipgher
than the funds available and furisher sharpeaing of the work plon
Will be necessary vhen the Tinal coubract is neyoviated,  This
would vc¢ desirable in any case cinee the plan as presented clonaly
exceeds the capubility of the limited stalf unless the project

were Lo Le continued to infinity, ’

Reconmendation

Follovwing revizw of ‘the subjeet matter of the rezearch, scekin more
effective use of the lepume-Ruizobium nymbiosis, ead the speetfic
research proposal, this project is strongly recommcuded by PAJAGR

to the RAC for approval.
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FIsrziT oTiTLE Nitrogen Fixation-Svymbiotic

__Tmpica‘l LeTumes

S ™
e . 931-0613

W Trdﬁical 501l and Water Management
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L5l 223005 19 92 takan(a- 331025 {2 5e re2soived) 25 a } ian )a:{;-:i;n :
iTesult af Troia: Lavien Maatiag | llcar [ >2 Jsomplarad
El. Prepare Scope of work for team evaluatioﬁ L.R. Fredericﬁ Mar.31, 198¢
{ . and review in July, 1980 to make recom- -
i mendations regardinﬁ the extension of th
! project through 1984,
' , !
|2. Prepare groposal for extension of project J.Halliday Aug.31, 1980
[ until 1934, : U.Hawaii
i3L Team evaluation of project L.R.Frederick| Jul.31, 1980
;4; PIO/T -final increment of funding for L.R.Frederick| Mar. 20, 198
i current approved contract
I
I
|
|
i i
1
|
| -
S
Lloyd R. Frederick Keith'Byerg
Srohszi agnazac Silize Jireazizr
Clearance: DS/AGR, MMozynski
LugTnoestys S35 3rsiaz: Dyir 3saar PR bred DT s
Frorest Laviaw (mizrmanaa Snse: .
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Attechment A

PROGRAM: CENTRALLY FUNDED Prolgct Hanager; L.R, Frederick
TITIE N-Filxatlon Symb Lot Le rm:ns Agriculture Proivoued Ob;lsat(l’t fon Ptoposed Life of Inft. Proposed Est. Final Proposed Jetion
. [E_g!rn ey, & Nutrlttiony FY 1981 Project Coat 54752 Oblig. Joblig. Fr 1983 Date IFY 9584
'Jrlnl!:kﬁ]gjl,l;l?flcjj E:zn:fizg o K10k REVERERCE :1 BI 00T1g. Acth, Life of Project FY Finel Obiigation Camplet ion Bate '
) y PP $0 Per App. PP g395) 1975 per PP FY 1980 per PP FY 1981
Date of Leot Intensfve Evalustion; 2/77
PURPFOSE; Increanse food production by use of tropical lagumes. Eulld and HAJUR OUTPUTS
test & collection of thirobla effective on tropical legumes. Train Jualor . Thru FY1979
sclentiste to vork with rhilzobla and blological nitrogen flxatica (LNF). To Life of Prejeet
leacn how to utilize BNF in ceopplong aystems. To build & network of 1. Culture collection 800 1000
sclentists to test rhizobla locally, sxchange cultures and Informatlion on 2. Tralning LDC junlor scientiste k) 60
hov te help farmers. . 3. Selecting superior strains - -
4. Bclentist network for fleld testa N/A 20 countrles
BACKGROUHD AND PROGRESS TO DATE; University of ltawall has bullt a labora- 3. Inoculation methodology - -
tory, greenhouse and field testing facility for study of rhirobla. Collec- 6. Legime N - cropping system - -
tion of rhizobia now numbers sbout 800 for troplcal legumes. Agronoalc work 7. Technlical publications 3 -
to devise wayds to Lncorporate BNF and legumas into aconomic cropping systems
has Legun. Four tralning couraes completed - 24 students, staff poaitions ' _1,D, FINANCED INPUTS: ¢ FY8l
flrded. Workshop to plan internatlonal trials hLeld. $000
. Salaries 200
MOST COUNTRY AND OTIIER DOMNOR; Cooperative field trials in countxies otill Tralning 30
to be determined. Sclentlfic Network 50
Travel 20
BEHEFICIARIES: Directly - scientists vorking with DNF and tropical legumcs. Operatlons _200
As knovledgo and cepability {ncreases, to devalop systems to benefit formers $500
who utilize BNF through legumes in their cropplng systems. Indla snd others
which become part of Iaternatlonal research network (not yat dotermined) at IE;CIIN[CAL gﬁrlm SUPP‘I’:: (in P“;:n“ .;:th-): ASEA Total
gult. ots
approx. $500.00/yr./country. \ , 1979 1.25 22 235 7o i’s
- JX_1381 PROCPAM; Contlaue all activities outlined (above), especially inter- :gg‘; :'; : ::: : :j

netional network of EGNF researchers,

Ohligations (4000) Expenditures (3000) Ua:llqul-l-ted (4000) Funding Peclod Pr:n;:p:l C(tm::::torl or Agencies
ntrac ar
::iv_:_.!_:a_égepte-her. Jo, 1978 2189 1038 1151 XXEXKXXXXXXXXXX )
otlsatsd Tl"'uo!u!g]m"Im‘ f . 730 XRAXXXXXKXXXXXXXXXXXK | Prior fund I:o_%; /80
Foposs %80 -2188 1768 421 XAXXXXXXXKIXRXKNX
stinated Through PY TYBG _.__augg 130 EEXXXXXXXRXXXXXXA IO [6/30/80 to 6/30/81 ] Univeraity of mewstl o
: —_ 2 . AID/ta-c-1207)
I T FY TYeT— - . KXXXXXXXRXEXXXKXX (
toposed 'FY L san _ Future Yr.‘u{)ﬂﬁlg-tlm Est l-alex;%tul Cost jﬁlﬁl to §[§%’{lxr'
S 1261 4,752 .
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PROJECT EVALUATION'SUMMARY (PES) - PART |

PROJECT TITLE

Repert Symuel U447

(Enter tne number meintainea By the

L PROJECT NUMSER 3. MISSION/AIC/WOFRICE
919-0613.11 DS/AGR
-FIXATION-SYMBIOTIC, Tropical Legumes ALUATICN NG

feworting unit e.g., Country or AID/W Administretive Code,
*lecal Y ane, Sorlai No. teginning with Ne. 1 ssch PrY)

D ——————d

XX AIQULAG TVALUATION (] SPRCIAL BVALUATION

NEY PRQJECT IMPLEMENTATICN OATES 6. ESTIMATED PROJECT

S 8. Final c Fine: FUNDING

>R0.4G or Obiigstion Input A Towl  $2,929,Q066
Zquivelent Expected Qelivery

£y _75 FY 80 £Y8]1 8. U.s, 3?—'_939_'_.%9

7. PERIOO COVEMED BY EVALUATION
from (month/yr.)

To (month/yr.) 1 79

Adiem URN a0, 12-20, 1979

8. ACTION DECISIONS APPROVED 3Y MISSION OR AID/W OFSICE DIRECTOR

A, List cecisions and/or unrasoived lsmues;
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Project Review

Agriculture

Nitrogen Fixation by Legumes as a Major Factor for

Food Production in Less Developed Countries -=-

University of Hawaii.

Dr. M. L. l'etcison, Chairman of the Subcommittee consisting of
Drs. Heady and Whitney, sumnuiized their report as follows:

(1) Does the prcposal deal with an important current and future
development problem in the LDC's? The Subcommittee is in full
agreement that this is an important problem, especially so at this
time of relative scarcity of cnergy and fertilizer. 1t is a
problem of worldwide importance ivcluding the U.S., but more co

in countries withcut natural gas resources and finances to nurchasen
fertilizeis manufactured elsewhere.

(2) Does the University of Hawaii provide the appropriate combin-
ation of resources to attack the problem? Hawaii has the interest,
the senior professional staff, and the climate and soils for year
around production of tropical legumes. However, the problem of
adaptabiliity of legume species and associated Rhizobia bacteria
tends to be very specific and generalizations are risky. Further,
full staffing at present is exceedingly thin for a project of the
size, scope, and complexity outlined.

(3) 1s the proposal sufficiently defined and the objectives addressed
to the most critical issues? Although RIGC expressed concern over
the‘possible competition with a newly proposed International Plant
Nutrition Institute, since nutritfon problems are sitc specific, there
would appear to be no reason for contlict or duplication unless the
new institute undertakes research that duplicates this project.
Applied problems wmust be solved where they exist. This project is
proposed as a three year project with possible extensions. This is
not a short-term project; it probabiy would take 10 years of con-
centrated effort to see the project through to a successful conclusion.
Hence, the 3 year initial funding is probably appropriate for an
introductory phase. There is concern that the project is too broad
and that the stated pgoals eould not be achieved in the 3 years;
objectives should be rwore narrcwly defined. There are four approaches
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to improve nitrogen fertility: (a) major food grain legumes, (b)
crops grown for oil and protein, (c) legumes grown for improving
the nutritional value of grazing land and harvested forages, and
(d) crops to grow one's own nitrogen, requiring plentiful land.
The project would be more manageable if major efforts were con-
centrated on the major grain legumes and oil crops.

Outreach and training programs: Bringing trainees to Hawaii appears
adequate, but the field testimg has not been well described. It is
cuggested that thev seek collaborators at the outset who are willing
ard capable of grow: ng selected legumes jinoculated with available
strains of Rhi.obia to gain field data simultancously with the work
at Havaii.

Budget Ccnsiderations: There 1s concern about the size of the
budget and whether the amount requested could be efficiently
absorbed considering the start-up time and the problem of enlisting
cooperstors. The two principle investigators devoting 25% of thair
time cannot munage a $900,000 program in threc ycars.

Dr. Heady pointed out that under tropical condaitions only o small
percentage of the nitrogen fixcd by legunes was available to the
following crops which indicatcs that this is less a fixation
problem and more a problem of the planned utilization by crop
rotation and management.

Dr. Yhitney indicated his agrcement with the abouve report with an
additional focus on the two problem areas which delimit the problem.
(1) 1Identification and isolation ol cf{ficient Nitrogen fixing scrains
of Rhizobia with emphasis on innoculation methods, storage, and
survival of the improved strains. This means concern for the relation-
ship to the soils and environmental stress factors. It also poses

the need for proof-testing, locally in a network of stations. (2)
Development of cropping systems to exploit both tops and roots will
take an extended period of time. There will be nced for a soil
chemist-physiologist to work out the distributiou nitrogen capable

of being reincorporated into the cropping system. This is a good
problem capable of resolution. Dr. Milner having just joined the

RAC Meeting commented on his review. This is a good project. It

has strong ties to the basic sciences. He questioned whether the
evpertise at Hawail is adequate. There are too many fringe objec-
tives, and some neced to be trimnmed.

Dr. Schweigert asked about the site-cpecific parameter implications.,
Dr. Whitney indicated that each site for the proof-testing should












PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUNDS

PART I1

ENTITY: TA/Bureau
PROJECT: N-Fixation Symbiotic - Hawaif

PROJECT NUMBER: 931-0613

I hereby authorize grant funds not to exceed $76,200 for a budget
increase from $882,799 to $958,999 for the contract AID/ta-C-1207

on "N-Fixation Symbiotic" with the University of Hawaii. These
additional funds are required due to increased project costs

resulting from an inflation rate greater than anticipated at the

time the original budget was established in 1974. The scope of work
and all other conditions of the subject contract/project remain
unchanged. This increase in funding will be made with either FY 77

or FY 78 funds depending on the availability of funds. The authorized
budget for this project is hereby increased from $883,000 to $959,000.

761005
PHEH—
Curtin Fnrrar

Assistant Administrator
for Technical Assistance

Date @iq 29 ’77

Clearances: B )
TA/AGR/ SWM: JMalcolngU\_( 123/27

L./AGR/SWM:DPet :rgs0n w PP
TA, AGR: GBaird _ :- 7/

TA/AGR: Liesser. L_
TA/RES: MRechc1g fw "
TA/PPU: Rslmpson_j\ 1(







PROJECT AUTﬁCRIZATION AND REQUEST FOR ALLOTMENT OF FUNDS

PART II

ENTITY: DS/Bureau

PROJECT: N-Fixation Symbiotic - Hawaii

PROJECT NUMBER: 931-~0613.11

1.

3.

I hereby authorize grant funds not to exceed $1,993,000 for a
three-year extension of the research project on "Nitrogen Fixation-
Symbiotic" with the University of Hawaii. The objective of this
research is to maximize the fixation of nitrogen by grain and
forage legumes in the tropical LDCs and thereby reduce the depen-
dence of LDC farmers on more cogtly petroleum produced nitrogen
fertilizer.

This project will be incrementally funded with $498,000 in FY 78;
$733,000 in FY 79; and $757,000 in FY 80 for the first, second,

and third contract years respectively, depending on the availability
of funds.

This project was reviewed and endorsed by R & DC during its meeting
on January 17, 1978 and by RAC at its meeting on March 30, 1978,

The contract for this three-ycar extension will be negotiated non-
competitively with Hawaii based on predominant capability (Justi-
fication Memo enclosed herein)

nder Levin
Assistant Administrator for
Development Support

pate: 9~ ¢

References:

Clearances:
DS/AGR/SWM:LFrederic
DS/AGR/SWM; DPeterso
DS/AGR:FWilliams

1.

2.
3.

Research Project Statement: "Maximizing Symbiotic Fixation

of Nitrogen by Grain and Forage Legumes in the Tropics" (attached)
Minutes of RAC Meeting - March 30, 1978

Minutes of R & DC Meeting - January 17, 1978

~

Date S4m 7Y
" Date 744 7%
Date ¥

L

DS/AGR:MMozynski, )¢t ), Date 4/7/ ;4
DS/AGR:LHesser 4/} ¢% Datec 24
DS/RES:MRechcigl (£ £ Date ¥/i1/%)
DS/PO:RSimpson__ 4 ;% /. Date 3/;71 1%
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UNITED STATES GOVERNMENT

Memorandum

DATE: April 5, 1976 é}’

TO : See Distribution"“f\}
: Ci{ =
o
FROM : TA/RES, Miloslav Reche
SUBJECT: RAC Recommendations on Proposals

Reviewed at March 22-23, 1976 Meeting

Attached for your information and appropriate follow-up is a summary
of the rccommendations of the Research Advisory Committee on project
proposals reviewed at the March meeting,

Distribution:

AA/TA, C. Farrar TA/DA, J. French

K. Levick TA/RD, T. Owens
M. Belcher
C. Blankstein
E. Long R. Tinnermecier
S. Butterfield G. Baver
T. Brown - vay
M. Kilgour TA/EHR, J. Chandler
T. Arndt J. Hoxeng
TA/PPU, C. Fritz g' 3??3i:5°“
J. Gunning *
C. Molfetto TA/H, L. Howard
R. Mills E. Smith
E. MclLeod J. Stockard
M. Mozynski J. Karam
J. Ryan L. Cowper
P, Hoffman

He Vaitaitis
TA/PPU/EUL, D. Myren

TA/AGR, L. Hesser
G. Baird
R. Holmes
G. Beck
N. Konnerup
L. Frederick
T. Gill
D. Plucknett
J. K. McDermott

TA/N, S. Kahn
I. Hornstein

PHA/POP, R. Ravenholt
J. Speidel
M. Perry

AFR/DP, F. Moore
ASIA/TD, H. Dodge
LA/DR, W. Feldman
NE/TECH, J. Dalton
GCy A. R. Richstein
SER/IT, J. Kovach
SER/ENGR, J. Rixse
SER/CM/COD, R.J. O'Brien
FFP/POD, P. Shechan
PPC/DPRE, A. Handly
PHA/POP, D. Mutchler
0/LAB, S. Moody

Buyy U.S. Savings Bonds Regularly on the Payroll Savings Plan

10010
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SUMMARY OF RAC RECOMMENDATIONS TO A.I.D.
PROPOSALS REVIEWED AT THE MARCH 22-23, 1976 MEETING

Nitrogen Fixation by Associative Grass-Bacteria Systems (New) -
University of Florida. Duration of Project, 3 years; estimated
cost $890,000. Whitney, Adams, M. Peterson, Schweigert.®

Recommendation: That (a) the research be delimited to the most
critical and definitive experiments needed to determine the potential
of domesticating grass-bacteria systems as determined by the project
manager and contractor; (b) the delimited project be approved for a
duration and funding period of two years at approximately $100,000
each year; (c) the proposed workshop focus on methods and experimental
designs prior to initiation of the research to get the best thinking
on ways and means to accomplish the goals.

Note: It was clear that although they passed it, the RAC members as a
whole were very uneasy about the motion as presented by the subcommittee,
as it did not square well with the general discussion. As was found
later, the real concerns of the subcommittec members were not surfaced

in the discussion, and related primarily to their reluctance to rely so
heavily on the professional resources of a single institution (while
recognizing that Florida is the proper U.S. geographic location for
centering this kind of research). Rather than recommending the more

usual remedy for this type problem by broadening the professional base
--as in 5, below--the subcommittee motion narrowed:the project in a manner
which clearly misfits the circumstances. Therefore, we plan to implement
the project as approved, placing emphasis however upon organizing immedi-
ately the proposed workshop as a means of identifying most effective
participating roles for scientists from other institutions, and establish-~
ing technical research priorities and refinement of design. From this,

we anticipate a proposed project revision will be developed and

brought to RAC, probably at a December meeting.

Fortification of Sugar and Iron: TField Study Prior to Implementation
at a National Level (New) - Pan American Health Organization. Duration
of project, 3 years; estimated cost, $621,799. Schweigert, Carter,
Linder, Ludington.

Recommendation: That the project be approved as requested subject to
incorporation by AID staff into a revised project prcposal the suggestions
made by RAC and the peer revicwers. This revised proposal is to be reviewed
by members of the RAC subcommittee. If the revised proposal is acceptable

to the RAC subcommittee it may be immediately implemented; if ma jor objection
are made by the RAC subcommittee, the project will not be implemented until
further review by the RAC, preferably at the May, 1976 meeting.

*RAC review subcommittce; chairman underscored
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Crop Production and Land Potential of Benchmark Soils of Latin
America (Augmentation) - University of Puerto Rico. Duration of
project, 3 years; initizted January 1, 1975 at estimated cost
$1,029,307. Estimated additional cost, $180,000.

Crop Production and land Capabilities of a Network of Tropical Soil
Families (Augmentation) - University of Hawaii. Duration of project,
3 years; initiated July 1, 1974 at cstimated cost $1,182,252.
Estimated additional cost $180,000. Vhitney, Heady, D. Peterson,

M. Peterson.

Recommendation: That (a) the report be accepted since it meets the
intent of the original motion; (b) the increased funding be approved
as requested for both'the University of Hawaii and the University
of Puerto Rico. )

Poor Rural Households, Technical Change, and Income Distribution in

LDCs (New) ~ Cornell, Purdue and Michigan State Universities.

Duration of project, 3 years; estimated cost, $763,802. Heady,
Montgomery, D. Peterson, Tanter.

Recommendation: That Phase I of the project be funded for one year

to complete the first or coordination phase during which (z) data
adequacy and quality will be examined; (b) data retrieval and evaluation
for research design will be implemented; (c) methodology will be out-
lined in great detail; (d) the joint work plan will be developed; and
(e) .the Agricultural Development Council will write up a proposal

which is consistent with the other proposals and the common framework.
The joint work plan, suggested methodology, data evaluation and work
calendar serving as the framework and basis for the implementztion and
conclusion phases then should be brought before RAC in October 1976.

If RAC's evaluation at that time is negative, the project should be
discontinued by the end of the fiscal year. If the work plan, methodology
and network possibilitics developed are promising and RAG's ev:luation
is positive, the project should be amended to continue for the two
remaining years.

Development and Testing Methodologies and Instruments for Evaluating

Community Education Programs (New) - Tuskegee Institute. Duration of
project, 3 years; estimated cost, $446,677. Montgomary, Wittnebert,

Anderson, Tanter.

Recommendation: That the proposal be funded as requested and & review
after one year be held to assure that the following issues have been
resolved; (a) a group of outstanding external consultants skilled in
policy analysis and project evaluation be formed andwsed; (b) specific




functions in sectors of community action be identified for analysis;
(c) procedures be established and appropriate steps taken involving
collaborative participants from other countries; (d) preferred
methods of data gathering and evaluative approaches be stated; (e)
plans for participant training at Tuskegee Institute be worked out.

Research to Reduce or Eliminate Mutagenic Effects from a Promising

New Antischistosomal Drug (New) -~ Johns Hopkins Universitv. Duration
of project, 2 Years; estimated cost, $254,333. cCarter, Adams, Mexrill,
Schweigert.

Recommendation: That the project be approved at $254,333 for 2 years.
The suggested component of research witn non-human prirates is desirable {

and may be considered as a separate proposal.

Sporozoite-Induced Imnunity in Simian Malaria (Expansion) - MNew York
University. Estimated additional cost, $259,836. Wishik, Carter,
Merrill, Schweigert. .

Recommendation: That the proposal be approved as requested to include
both sporozoite work and adjuvant research with a shift in emshasis to
the former. .

Note: The project was initially approved by RAC in Decexber, 1974 '
under the title, "Potentiation of the Effects of Anti-malarial Vaccine
by Use of Immunological Adjuvants", for a 3-year period as part of the
coordinated malaria immunity research program.

In-Vitro Production of Plasmodium falcivarum Antigens (Expansion) -
University of Kawaii. Duration of project, 2 vears; initiated
July 1, 1975 at estimated.cost $100,435. Estimated additional cost,

$39,000. wishik, Carter, Merrill, Schwaigert.

Recommendation: That the project be expanded to include a biochamical
componant as reguested.

Surgical and Engineering Research on Means of Fertility Control
(Extension) - Battelle Memorial Institute. Duration of extension,
2 years, 3 months; estimated additional cost, $640,000. Connell,

D. Peterson, Wishik, Wittnebert.

Recommendation: That the requested extension be approwved at a lower
level of funding. RAC further recormends careful review and continued
monitoring of each subvroject and the deletion of certain of the tasks
if they do not appear to be leading to eguipment of major clinical
impoxtance.

Note: The suggested lower level of funding was not spacified, as it
was recognized that this would be determined by the activities
Yecormmanded in the motion.
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Enhancement of Lactational Infertility and Infant Nutrition (New)
- The Johns Hopkins University. Duration of project, 2 years;
estimated cost $410,883., Wishik, Carter, Connell, Linder.

Recommendation: That the project be resubmitted to RAC at its next
meeting to cover only clinical trials on a small number of women in
Baltimore; and that the revised project statement include some
demographic analysis and actuarial estimates concerning the potential
impact of the method, if successful.

Simplified Techniques of Fertility Control (Extension) - The Johns
Hopkins University. Duration of extension, 3 years; estimated additional
cost $1,175,999. Connell, Merrill, Schweigert, Wishik.

Recommendation: That the requested extension of the project be approved
as presented.

Note: The RAC review and approval of this project, "Simplified
Techniques Fertility Control', was undertaken with RAC's full under-
standing that no implementation of the project activities would occur
until and unless outstanding issues between the GG and PHA/POP have
been resolved concerning the alleged conflict of project activities
with the Agency Policy on Abortion.

Alternative Local Organization Strategies for Involving the Rural

Poor in Development and Approaches to AID Implementation of these
Strategies (New) - Development Alternatives, Inc. Duration of project,
30 months; estimated cost, $363,000. Tanter, Anderson, Montgenery,

Heady.

Recommendation: That approval be given to (a) phases I and II (field
work); (b) planning for phase III (guidance); and (c) budget between
$227,000 and $375,000; with the conditions that the project: (1)
include theoretical ideas to guide model specification so that causal
directions can be inferred; (2) control extraneous variance of excluded
variables; (3) avoid overlapping definitions arong indicators; (&)
reformulate '" ypotheses" as "if.., then...'" statements; (5) increase
staff time per case and decrease numbers oi cases; and (6) explore
feasibility of applying decision analysis to prescription of guidelines.
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ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR FOR TECHNICAL
ASSISTANCE
FROM: TA/AGR, Leon F. Hesser i

Problem: A higher rate of inflation than originally anticipated has
caused the need for additional funds totaling $76,200 to adequately
fund the research project '"N-Fixation Symbiotic" with the University
of Hawaii.

Discussion: The subject Project was submitted to the RAC at an
eetimated cost of $900,000 and received its endorsement at the
October 17-18, 1974 RAC meeting. RAC at that time recommended that
the AID staff negotiate a budget reduction for the projects initial
three years. A three year contract for the project was finally
negotiated at a total cost of $882,799 which became effective on
June 1, 1975. Although cost increases were takern into consideration
during the negotiating process, the rate of inflation, estimated in
1974, has now proven to be too low. This has resulted in the need
for supplemental funding of $76,200 in order to permit the project
to operate at the programmed level,

Although the original budget figures for seven of the ten line items
are now considered to be too low, (see attached memo: Whitney to
Malcolm dated June 21, 1977 for detailed discussion of each item)

the major project funding shortages are for "Equipment and Supplies”
(839,865) and for "Salaries and Wages'" ($20,622). Hawaii had
anticipated modest increases in costs of supplies and equipment,

but not the extreme rise for some items such as electricity which
more than doubled. The overall average cost of supplies has increased
35% above 1974 levels. Original cost estimates in 1974 anticipated a
4% annual increase in salaries but have averaged 5-7% per year since
then. Although some savings have been made by delays in hiring
personnel, major cut ba:ks in student help will have to be made if
auditional fund are not forthcoming. This will greatly reduce
prcject efficieiacy s.nce the research and training staff would then
have to devote some of their time to routine operations generally
performed by the students. Other line items with significant short-
ages are "Subcontracts" ($6,684), "Travel" ($4,650) and "Participant
Cost" ($4,317). 1In spite of Hawail's efforts to keep costs down by
such actions as deferrad hiring, delaying the acquisition of one
vehicle and a reduction in planned financial support for participants/
trainees, funds remaining in the contract *rill not be sufficient to
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continue operations at an optimum level up to the current contract
termination date of May 31, 1978.

This project 1s scheduled to be extended for another three years at
a total estimated cost of $2,000,000. This will require FY 78 funds
of $500,000 for the first extension year. TA/AGR will conduct a
project evaluation this October and prepare a revised PP in December
or January.

Recommendation: That you sign the attached PAF which will increase

the approved funding level of '"N-Fixation Symbiotic" with the Univer-
sity of Hawaii from $900,000 to $959,000 and thereby require additional
FY 77 (or FY 78) funds totaling $76,200.

Clearances: —

TA/AGR/SWM: DPeterson_ -
TA/AGR:GBalrd__ 7% Yd v /77
TA/RES:MRechcigl At - "}/
TA/PPU:RSimpson ,f(ﬁv;,d,f 1




-

P-AMC- a3

Coprd 1, 163

ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR FOR DEVELOPMENT SUPPORT

/}}{ tt P
THRU: DS/PO, Rob s son

3p

FROM: DS/AGR, Leon F, Hesser ;}/)(‘/f X

\,

Problem: Your approval is required for a three-year extengion costing
$1,993,000 for the research project on "N-Fixation Symbiotic" with the
University of Hawaii,

Background: fthig Project extension will continue the productive research
on symbiotic nitrogen fixation conducted by Hawaii during the past three
yYears. Research on biological nitrogen fixation is a relatively new

area of AID emphasis which began in 1975 as an outgrowth of the high

cost of petroleum produced nitrogen fertilizers generated by the world-
wide oil crises of the mid-seventies, This project extension will enable
the contractor to conduct further basic research on the subject, to
continue training of LDC scientists, to enlarge Hawaii's collection of
superior Rhizobia strains which will be disseminated worldwide for further
research, and to develop a formal network of LDC scientists for cooperative
efforts to test Rhizobium strains and inoculation methodology under local
LDC conditions.

Recammendation: That you approve the subject project extension by signing
the PAF and Environmental Threshold Determination enclosed herein,

Attachments:

1. Project Authorization and
Request for Allotment of Funds
2. 'Environmental Threshold Determination

Clearance:
DS/AGR/SWM: LFrederid@’_Date 3fp 7%
DS/AGR/SWM;DPeterson UJ; Date 7/ 3/-¢
DS/AGR:FWilliams S37, - Date ~/ ¢/ /)"
DS/AGR;:MMozynski 71 '/ Date #/4/ 77

DS/RES:MRechcigl (tLR_ Date /12/ 1/

DS/AGR/SWM: san%rg: 3Apr78



TO :

FROM

SUBJECT:

P

APYIBNAL FORM 1O, 19 o
$lav (el FOITION 4
C\A PP (U cPm) 1011008

UNITED STATEZS GOVERNMENT

Memorandum roo

TA/AGR, J. Malco DATE: November 23, 1977

TA/RES, Miloslav Rechcigl

Research Proposal Entitled "Maximizing Symbiotic Fixation of Nitrogen
by Grain and Forage Legumes in the Tropics" ~ The University of
Hawaii

We have reviewed the above research project proposal and have

generated several issues that should be addressed in the pre-

paration of the final project paper prior to its submission to
R&DC or RAC. The major areas identified include:

1. The project paper describes a large research program
rather than a specific research project or set of projects.
Furthermore, the document appears to place undue emphasis

on the development ¢f an international service center rather
than on research.

2. The paper does not clearly convey what has actually been
accomplished to date and what remains to be done.

3. More detailed methodology should be provided for each of
the proposed activities listed under "Research Purpose and
FExpected Products."

4. Clarification is required regarding the division of laber
between the University of Hawaii and the University of Cali-
fornia at Davis.

5. The paper does not provide sufficient rationale for the
increased budget and seems to imply a long term commitment
(10 years) by AID.

6. The paper does not clarify the relationship between this
project and the proposed Title XII activity at the University
of Hawaii.

7.Previous documents concerning this project do not utilize
the term"NifTAL Project". This acronym should be defined to
avoid confusion.

cc:
TA/AGR, L. Hesser
TA/PPU, R. Simpson
AA/TA, E. J. Long

By o Suiings Bopds Regwlarly on the Payrol! Savings Plan



GPTIONAL FORM NO. W
MAY 1008 EDITION
C8A PrMR (U CPR) (014110

UNITED STATES GOVERNMENT

Memorandum ,;f(’fi'7ﬂ’/'/"' f

o : TA/AGR, J. Malcol DATE: November 23, 1977
ROM TA/RES, Miloslav Rechcigl //
JBJECT: Research Proposal Entitled "Maximizing Symbiotic Fixation of Nitrogen
: by Grain and Forage Legumes in the Tropics" - The University of
Hawaii

We have reviewed the above research project pProposal and have
generated several issues that should be addressed in the pre-~
paration of the final project paper prior to its submission to
R&DC or RAC. The major areas identified include:

1. The project paper describes a large research program
rather than a specific research project or set of projects.
Furthermore, the document appears to place undue emphasis

on the development of an internaticnal se*v1oe center rather
than on research.

<. The paper does not clearly convey what has actually been
accomplished to date anr what remains to be done.

3. More detailed methodology should be provided~for each of
the proposed activities listed under "Research Purpose and
Expected Products."

4. Clarification is required regarding the division of labor
between the University of Hawaii and the University of Cali-
fornia at Davis.

5. The paper does not provide sufficient rationale for the
increased budget and seems to imply a long term commitment
(10 years) by AID.

B. The paper does not clarify the relationship between this
project and the proposed Title XII activity at the University
of Hawaii.

7.Previous documents concerning this project do not utilize
the term"NifTAL Project". This acronym should be defined to,

avoid ccnfusion.

} \:Ubdl'
b hhpescn




A TINCHMENT

January 20, 1972

GUIDELINES FOR PREPARATION
OF THE

RESEARCH ANNUAL REPORT

The attached guidelines suggest the
format and the dcrafl for annual research
reports that are requived {n all research
contracts. The r1esearch contractor will sub-
m!. thirty-five (opies of the report with
appendices to the¢ A.1,D. Project Manager.,

The A.I.D. Project Manager will subm{: two
copifes to TA/RUR and two copies to the A.[.D.
Refercnce Center,

The outline should prove uscful to the
contractor in prcparing the report, and
provide an improved bast- for annual project
reviews. The contractor is encouraged to
develop a self-contained report as outlined
below in approximately fifteen double-spaced
pages. Additional material may b. annecxed
as necessary for a comprchensive veport.

The fifteen page report {s intend:d to

provide a barcboies statcement of the effec-
tiveness of research resources and mothods

in producing rescarch results according to
annual work plans, and the significance of
these research results for the solution of

the pioblem being addressed. Anncxed materfal
{s estential for a critical review of asser-
tions tcgardlng'firdlngs, significance, etc.

9310 6/2




A.

REPORT SUMMARY 1/

1. Project Title and Contract Number:

2. Principal Investigator, Contractor and Mailing Address:

3. Contract Period (as.amended): 2/ (rom to

4., Period covered by Report: trom to

5. Total A.1.D. funding of c0n;fact to datet

6. Total expenditures and obligations thrdugh previous contract year: 3/
7. Total expenditures and obligations for current year: 3/

8. Estimated expenditures for next contract year:

Narrative Summary of Accomplishments and Utilization

(In this space provide a concise

stuatenent of the principal accomplishments
during (1) che period of the report and

(2) life of the project in relation to
research objectives and actual or potential
operational significunce.

This information doc: not substitute for

a8 full discussion of the same points
required in the body of the Annual Research
Report as outlined below.).



1/ "Report Sumnary": Statistical Information (Item A) and the

Narrative Summarv of Accomplishments (Item B) should be
reported on a siugle page. This page will be for general
public use as well as project management purposes, and
should be written for a general rather than a technical
audience.

Item 3 - Contract Perfod (es amended)s Report the original
date of the contract and closing date as prescribed by the
contract or any amendment thereto,

Items A 6-8: These {tems refer to expenditures including

firm obligations by the contractor, Obligations are the

contractor's legal but unpaid commitments, f.e., subcontracts,
purchase orders, etc.; and other related accruals through

the end of the reporting period. A '"contract year'' i{s one
between anniversary dates of the contract,



AOIUAL RESEARCH REPORT

A. Ceneral Background

c.

D.

Prepare & concise statement that provides the background
and rationale that led to the initiation of the project. This
summary should state the nature and importance of the problem
to which the research is uddressed, and the rationale that
links the research activity to the problem, :

Statement of Project Objectives as Stated {n the Contract

The purpose of this section is to record in a precise and
concise way the objectives of the research project. The objec-
tives as stated in thé contract may have been interpreted,
expanded or further defined in other documents and mutually
agreed Lo Ly A.I.D. and the contractor. This section should
reflect the contractual objectives as modified by these )
supplemuntary understandings.

Continued Relevance of Objectives

Does your research to date, or other cirqumstances, indicate
a need for modification of project objectives as stated in the
contract? If so, in what respects?

Accomplishments to Date

le Findings: Provide a statement of the principal and
significant findings and other accomplishments for the reporting
period as they relate to the anticipated results in the vear's
work plan. (See material for the year similar to that requested
in G.l. below for the coming year,)

Discuss the operational significance of the findings of the
current year's research for attzinment of project objectives as
stated in Section B above. The discussion should include refer-
ence to existing knowledge, recent research findings by others,
and cumulative findings and accomplishments of this project.

Also discuss side effects of the work, positive or negative.
For example, do the findings to date Suggest unexpected complications

for the application of findings; do they suggest the need for more

direct approaches to the problem than were originally anticipated;
or is the rescarch developing information and insights not expcected
in the scope of the work?

2, Interpretation of Data and Supporting Evidence:

Summarize briefly the evidence and analysis that
support the findings cited above. To permit a critical analysis of
the evidence and analysis, expand as necessary In an appendix to
each copy of the report. :



F.

3. "Rescarch Dusigns St.te briefly any significant modifications
made in the rese.rch desfgn prior to the current reporting period,

Arc the present techniques, tnstruments or mode of {iquiry
appropriate and/or optimsl for the study design? In view of the
findings of the past year or your experience with the renearch
measures emplouycd, do you recommend modifying (1) the research
design or (2) research techniques? For oxample, have there becn
special problums of duta availubility, sampling, duta prccessing,
or .aelfective techniques? H.ve research findings revealed
technical relactionshifs chat SUggest a continuation of present
methods or do they suggest a new approach?

Disscmination and Utilization of Research Results

1. Briefly describe cfforts made under the contract to disseminate
the results of the research project. Attach as appendices two lists:
(1) a bibliographic list and an abstract not exceeding 200 words ot
Papers and publications developed under the contract and (2) a

uist of short statements that 1dentify each known use of matcrials
produced by the project for seminars, conferences, translations, or
as background material for speeches, policy statements, etc.

2, Cite evidence and cases known to you that findings of the
research project are being used in LDCs, the U.S., or both, in
training, direct application to the problem, etc.

3. Has the experience of the past year suggested new or more
effective ways to expand the use of research results? 1If so,

.discuss the experience and as appropriate include proposed steps

in the work plan (Item G below). 1Indicate whether your proposals
can be carried out under current provisions of the contract, or
would require ncw contract arrangements by A,.I,D,

4 Discuss the extent and nature of considerations to involve LDC
personnel and/or institutions as an appropriate activity of the
project. If judged appropriate, discuss the kind and extent of LDC
fnvolvement in (a) planning the project, (b) the execution of the
field work, (c) the analysis and reporting of results. Plans to
involve LDCs in the future should be reflected in the work plan in
Item G (&) below,

5¢ Under separate cover forward four copies of publications, seminar
reports, translations and other materials representing efforts Lo
disseminate results of the research project, and cvidence of the
results being utilized by LDC or U.S. people or institutions.

Statement of Expenditures and Obligations and Contractor Resources

i
Provide a statement of expenditures and obligations related to
the budget plan for the year. This statement should show expenditure
and oblf{gations for cach of the (1) major fnputs (Personnel, equipucnt,
travel, etc.) according to (2) the major accomplishments or work
turnet% Lthat had been planned for the year's work.
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JIdentify significant problems or accomplishments in the progress
of the project related to the volume, cffectiveness, or scheduling
of the manpower, cquipment, travel, ctc., made available by these
expenditures,

Discuss signifi{cant changes or modifications in project manage-
ment, in the staffing pattern, physical facilities, insticutional
environment, etc.

G. Work Plan and Budeet Forvcast for Coming Year

Taking into consideration the past year's progress and expendie
tures and the work remaining to be done over the life of the project,
prescnt a work plan and budget for the coming year,

1. anticipated accomplishments for: the coning' year,

2. procedures to be used and activities to be carried
out. )

3. significant factors that you anticipate that will
promote or impede accomplishments,

4, a.plén for dissemination and utilization of the
expected results of the research in the U.S. and in
LDCs as applicable.

5. a budget statement that shows planned expenditures
for cach of the major inputs (personnel, equipment,
travel, LUC involvement, e:c.) according to the
major accompli-hments, or work tarcets that are
planned for the-coming year's work.

He Appendices

Reports of technical data and analyses (Par. D. 2)

A bibliographic list with abstracts of papers and publications
(Par, E, 1)

A list of uses made of research findings and reports (Par. E, 1)

Other appendices as appropriate.
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Collage of Tropical Agriculturs
NUTAL Project

Jp
November 9, 1977

Dr. John L. Malcolm

TA/OA/W

Agency for International Development
Department of State

Washington, D. C. 20523

VIA: Office of Research Administration
SUBJECT: NifTAL Extension Proposal (ta-C-1207)
Dear John:

Attached please find copies of our proposal for extending the

NifTAL Project ("Maximizing Symbiotic Fixation of Nitrogen by Grain
and Forage Legumes in the Tropics") for an additional three years. We
will appreciate your assistance in arranging for the necessary reviews
and documentation.

I would like to address four points which arose in the course of our
telephone conversation last week,

1. USDA Rhizobium Repository: We are currently in the process
of conducting two final testing series in the greenhouse and
o f preparing the necessary documentation preparatory to
publishing a Rhizobium catalogue in cooperation with the World
Data Center for Microorganisms, a U.N.-sponsored program at
the University of Queensland, Australia. This catalogue will
include all the strzins which are considered to be worthy of
distribution, based on tests conducted to date--probably about
100 strains. All of these strains will be simul+anecusly
deposited with the USDA collection, either as lyophylized
cultures or on dessicated beads. Additional cultures will
then be automatically deposited with USDA as they are proven.

2. Plans for Testing in LDC's: We have deliberately established
4 conserative schedule for involving LDC cooperitors because
we believe it is essential to involve these cooperators in
the planning process in order for the program to be successful .
Thus, we plan to hold a planning workshop ir the first year,
followed by regional workshops as quickly as arrangements
can reasonably be made. This aspect of the work will also

P. 0. Box"0~ Puis, Hawnif 7.5.4.
4n Bqual Oppertanity Bmployer



Dr. John L. Malcolm

Page 2

November 9, 1977

require the employment of an additional microbiologist with
considerable international experience, with its attendant
lag period for recruitment and approval.

In the meantime, we are proceeding on two fronts: a) in
cooperation with the Benchmark Soils Project, we are
conducting strain tests in Hawaii and will subsequently
conduct identical experiments in the Philippines to develop
estimates of the transferability of symbiotic performance
data within tropical soil families; and b) in cooperation
with former trainees, we are carrying out tests on the
persistence of Rhizobium (in peat carriers) shipped to
various tropical countries in order to establish base-line
information on the best ways of providing inoculum for

LDC trials.

We are also developing linkages through our raining
programs, visits to LDC centers, and correspondence--all
in preparation for the fisld-testing progran.

Cost of Training Program: As discussed on page 28 of the
proposal, the output line item for training includes not
only the formal training courses, but also the staff time,
supplies, evc. devoted to working with the four griduate
Tesearch assistants plus individuals who come to NifTAL for
intern-type trzining. We have had an excellent 2xrerience,
for example, with an intern from Japan who was supported
by the East-West Center Food Institute and contributrad
greatly to the NifTAL research program. We would like to
invelve LDC technologists in this way in the future. The
major expense in this category is staff time. The average
estimated cost of the training activities thus amounts to
10.5% of the total budget for the three year period.

Value of Superior Strains: The question here is whsther

or not significant responses can be obtained to inoculation
of tropical legumes with introduced strains of Rhizobium.
The literature supports the concept that plants which are
relatively specific in their Rhizobium affiliation respond
frequently to inoculation, and respond consistently when
introduced into new areas. Legumes in this group which

are grown in the tropics include soybean, chickpea, lentils,
and faba bean. Other legumes which are intermediate in
specificity respond less frequently. These would include
common beans, Leucaena, African yam bean, and others.

However, even in legumes (e.g. cowpeas and related crops)
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which are quite promiscuous, there is scope for responses

to inoculation when these crops are introduced into a new
area--such as peanuts in Florida, U.S.A. In each situation
where a nodulation response is possible, it is very
advantageous to use the best strain which can be obtained,
both in terms of the immediate production of the initial
crop, and in terms of the persistence cof this strain for
subsequent crops. A less-than excellent strain which
persists in the soil will make further irprovement extremely
difficult.

The NifTAL Project through the cooperative experiments on the
Benchmark Project sites will soon have good information on
the potential for increasing yield of soybeans and cowpeas
through the use of strains which excelled in greenhouse tests,
This work is scheduled to be expanded to additional sites.
Additional information will also be forthcoming as LDC
workers test NifTAL strzins in the field prior to the formal
network development.

I trust these comments will be helpful in clarifying our approach to
maximizing symbiotic fixation of nitrogen by tropical agricultural legumes.
Please let me know if there are any other questions which may need to be
answered,

Sincerely yours,

A. Sheldon Whitney
Project Director/Principal Investigator

ASW:kyz

cc: B. B. Bohlool
W. G. Sanford

Endorsement

K Kt bee§
Philip Helfrich, Agsociate Dean,
Research
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College of Tropical Agriculture
NfTAL Project -

June 21, 1977 ' (r

Mr. John L. Malcolm

Soil § Water Management Division
OA/TA/AID .

Department of State

Washington, D, C. 20523

VIA: Office of Research Administration
Dear John:

1 enclose the second revision for a supplementary budget to permit
the project to operate at the programmed level through the contract
period.

It would be most helpful to have as early an indication as possible
as to when (and if) we may expect additional funds to become available.

Thanks very much for your assitance in this matter.

Sincerely yours,

g _ "Endorsements:
A. Sheldon Whitney
Project Director

ASW:kyz /)ﬁwféi’?

P. P. Rotar, Chairman, Department of
cc:  W. G. Sanford Agronomy § Soil Science
B. B. Bohlool
P. P, Rotar:
Ruddy Wong

Lol Ll P L T A
W. R. Eyrtick, Dean College of Trop Ag.

.

Yo Sl et

Office o{?Research 5ﬁministration

P. 0. Box "0" Paia, Hawait U.8.4.
An Equal Opportunity Employer

$6779
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3.
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S.

6.
7.
8.

Suppfementary Budget Request

Contract AID/ta-C-1207

Statistical

Title of ‘Project:

Principal Investigators:
Contractor:

Contractor's Address:
Address of.Project Office:

Contract Period:
Contract Amount:

Additional Amount Roquostod:

,Maximizing Symbiotic Fixation of

Nitrogen by Grain and Forage Legumes

in the Tropics (NifTAL Project)

A. S. Whitney, W. G, Sanford, B. B. Bohlool
'University of Hawaii

c¢/o Office of Research Administration
Honolulu, Hawaii 96822

P. 0. Box 'O’
Paia, Maui, Hawaii 96779

June 1, 1975 to May 31, 1978
$882,799 for 3 years

$§76,108 for the third your



‘ & t Calculations

Current

Expenses: Actual plus Estimated Contract Requested
dditi

Line Items 1st 2 years 3rd year Total Funding A}aﬁﬁﬁﬁﬂfl
Salaries § Wages 185,830 184,220 370,050 349,428 20,622
Fringe Benefits 31,590 31,317 62,907 62,898 9
Consultants 5,800* 5,000 10,800 11,040%*~ (240)
Ovarhead 55,190 55,634 110,824 103,853 6,971
Travel § Transportation 28,050 23,140 51,190 46,540 - 4,650
Publications 380 2,500 2,880 9,000 (6,120)
Equipment § Supplies 153,965 52,000 205,965 166,100 39,865
Vehicles (Lease) 6,968 4,132 11,100 11,750 (650)
Particijant Costs 28,877 19,000 47,877 43,560 4,317
Subcontrict 51,945 33,369 85,314 78,630 - _ 6,684
548,595 410,312 958,907 882,799 76,108

*Excluding consultant travel

**Includes authorized transfer from salaries (3,000), fringe benefits (540)

and overhead (1360).

Professional Non-professional*
Actual § Estimated: 1st 2 years 41 98
Estimated: 3rd year 42 90
*Excluding graduate research assistants and
other student help.
Basis of indirect cost calculations; Approx.
Man months Percentage of

A) Employees assigned at Manoa campus
(student help and graduate assistants)

B) Employees assigned on Maui:
a) Time assigned to research (including
graduate assistants)
b) Time assigned to training (e.g.
training courses, graduate students,
etc.)

(Overall weighted average: 30.8%)

Per Month

Salarz § Wages

46.20

34.13

19.88



Narrative Justification

1., Salsries and Wages: When the budget was prepared in 1974, annual increases

2,

3.

S,

6.

7.

8.

9.

of 4% were used as the basis for estimated costs, However, in the three
years since then, faculty salaries have increased by over 20% on the average
(or 6-7% per year) instead of a planned 13%. Salaries of research associates
increased by 45%. Savings have been made due to delays in hiring personnel,
but this has only partially offset the large unexpected increases. The major
cutbacks which will be required if additional funds are not forthcoming will
be in the area of student help and other short-term or part-time assistants,
This would greatly reduce the efficiency of the research and training staff

since all routine but essential operations (cleaning etc.) would have to be
done by them.

Friqu Benefits: Calculated as for salaries,

Consultants: We were able to obtain excellent consultants at rather

minimum levels of compensation and thus did not exceed anticipated
expenditures. :

Overhead: Calculated as for salaries,

Travel and Transportation: Since 1974, international and local air fares

lave increased by auciut 30%. Also, the standard rate of per diem fo: overseas
travel increased >y 33%. This has been compensated for by a reduction in
travel and by. cost sharcing (IITA, and EW Center). However, the project is now
moving into a stage where greater coordination of testing efforts with

researchers throughout the tropics is essential, and additional travel funds
will be needed,

Publications: Although costs have increased cignificantly, funds from the
workshop contract (ta-C-1267) were used to publish the workshop proceedings,
reducing the level of expenditures in this category.

Equipment and Supplies: The contract proposal was prepared in April/May of
1974, before the very extreme increase in prices that occurred in late 1974
and 1975. We expected a modest increase in the cost of equipment, supplies
and services, but not the extreme Price increases actually encountered. As
examples, the price of agar nearly doubled in one year and electrical rates
have more than doubled since 1974, Many other items have alsc more than
doubled in price. One the average the supplies we purchase cost approximately
35% more than the same supplies in 1974, As a result, we will not have

sufficient funds to continue operations at an optimum level for the remaining
life of the contract.

Vehicles (lease): Only modest increases; in vehicle lease rates were

encountercd, and it was possible to offset this by delaying acquisition of
one vehicle,

Participant Costs: The original plan .was to offer scholarships, including

round-trip air fare and stipend to all trainees who were selected for the
course and who required such assistance. The drastic rise in air fares,
however, required spending 67% of the allocation for 50% of the students.



On the advice of the review team, the policy was revised to offer a
maximum of one-way air fare (rcturn portion) plus stipend of $20 per dayl.
This has meant that some of the most qualified applicants could not be
considered due to unavailability of local funds. There has been no lack
of qualified applicants, but additional funds are still necessary to
provide for the one-way air transportation and to increase the very low
stipend in keeping with the increased cost of living.

Subcontract: The subcontract leaders have experienced the same kinds of
price increases as have occurred in Hawaii, and additional funding is
likewise required to carry out the planned program.



COST REIMBUR .MENT CONTRACT WITH AN EDUC,. . ,ONAL INSTITUTION

/ A Gde )
Y08/

AGENCY FOR INTERNATIONAL DEVELOPMENT NEGOT!IATED CONTRACT NO. AlD/tg-(C-1207

NEGOTIATED PURSUANT TO THE FOREIGN ASSIST-
ANCE ACT OF 1961, AS AMENDED, AND EXECUTIVE
ORDEK 11223

TOTAL ESTIMATED CONTRACT COST o
See Article V

CONTRACT FOR:
ch

Legume Rhizobium Symblostis

PROJECT NO: 931-17-130-613-/3

CONTRACTOR (Name and Address)
University of Hawai{

ISSUING OFFICE (Name and Address)
Agency for International Development
Central Operations Division
Office of Contract Maangement
Washington, D. C. 20523

NAME

c¢/o Coptracts and Crants Qff{ce

STREET ADDRESS 5450 Maile Way
Honolulu, Hawait

CITY, STATE, AND ZIP CODE 9822

ADMINISTRATION BY

'Issuinq Office

COGNIZANT SCIENTIFIC/TECHNICAL OFFICE

TA/AGR
MAIL VOUCHERS (Original and 3 copies) ACCOUNTING AND APPROPRIATION DATA
to: Agency for International Development | PIO/T NO. =lo o0l

Office of Financial Management
Washington, D. C. 20523

APPROPRIATION NO.
ALLOTMENT NO. 402-31-099-00-22-

EFFECTIVE DATE
June 1, 1975

ESTIMATED COMPLETION DATE

May 31, 1978

The United States of America, hereinafter called the Government, represented by the Contracting Officer execuing

this Contract, and the Contractor, an educational institition chactered by the State of

with its principal office in —___Honolulu

Hawait

, agtree that the Contractor shall

petform all the services set forth in the attached Schedule, for the consideration stated therein. The rights and obli-
gacions of the parties to this contract shall be subject to and governed by the Schedule and the General Provisions.
To the extent of any inconsistency between the Schedule and the General Provisions and #ny specifications or other
‘provisions which are made a part of this conuact, by reference or otherwise, the Schedule or the General Provisions

shall control. To the extent of any inconsistency between the Schedule and the General Provisions, the Schedule
shall control. )

This Contract consists of this Cover Page, the Table of Contents, and the Sc‘\e/dule consisting of 7
pages, the General Provisions (Form AID 1420-23C), dated ___9-74

Additional General Provisions.(Form AID 1420-23D), dated 9}&/\

NAME OF CONTRACTOR UNIT STATES OF AMERICA
ORIveRSTTY OF HAWAL AGEACY FOR INTERNATIONAL

_J///_7 DEVELOPMENT,
BX (SigAatum-of auct ' -
TYPER QR FRINTL R VAME
TITLE C ACTIN FICER

Comptroller - Contracts and Grants ONTRACTING OFF1
DATE DATE

JUN 25 1975 : Jun 26 B8

AID 1420-23A (&2))
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SCHEDULE ‘
COST REIMBURSEMENT CONTRACT WITH
AN EDUCATIONAL INSTITUTION
Contract No. AID/ta-C-1207
TABLE OF CONTENTS
SCHEDULE
The Schedule, on pages 1 through 7 , consists of this Table of
Contents and the following Articles:
ARTICLE I - STATEMENT OF WORK
ARTICLE II KEY PERSONNEL
ARTICLE III CHANGES IN RESEARCH METHODS, PROCEDURES, OBJECTIVES,
OR PHENOMENA UNDER STUDY

ARTICLE 1V - 'PERIOD OF CONTRACT SERVICES
ARTICLE V - ESTIMATED CONTRACT COST AND FINANCING
ARTICLE VI - BUDGET

ARTICLE VII
ARTICLE VIII

NEGOTIATED OVERHEAD RATES
ALTERATIONS IN CONTRACT

GENERAL PROVISION

The General Provisions applicable to this contract consists of
Form AID 1420-23C entitled "General Provisions - Cost Reimbursement
Contract with an Educational Institution," dated.9~74. which includes
provisions 1 through 38 ; and form AID 1420-23D entitied “Additional
General Provisions - Cost Reimbursement Contract with an Educational

Institution," dated 9-74, which includes provisions 1 through 18 .



SCHEDULE

ARTICLE 1 - STATEMENT OF WORK

For a period hereinafter set forth in the Schedule, the Contractor shall
render technical advice and assistance to the Agency for International
Development as more specifically provided for in Attachment A, Scope of
Work, attached hereto and made part hereof .

-ARTICLE Il - KEY PERSONNEL

A. The key personnel which the Contractor shall furnish for the

performance of this contract are as follows:

Key Personnel Title
A. Sheldon Whitney Program Co-Director
Burton L. Koch Program Co-Director

B. The personnel spec1f1éd above are considered to be essential
to the work being performed hereunder. Prior to making any change in
the key personnel, the Contractor shall notify the Contracting Officer
reasonably in advance and shall submit justification (including proposed
substitutions) 1in sufficient detail to pefmit evaluation of the {impact

on the program. The f1sting of key personnel may, with the consent
of the contracting parties, be amended from time to time during the

course of the contract to either add or delete persohnel. as appropriate.

C. (1) The Contractor shall obtain A.I.D.'s apbrova! to change
the principal investigator or project leader, or to continue the
research Qork during a continucus period in excess of three months
without the participation of the approved principal investigator or
project leader. |

(2) The Contractor shall consult with A.1.D. if the principal



investigator plans to or becomes aware that he will, devote substantially
less effort tb the work than anticipated 1n the Scope of Work Plan.

If A.1.D. determines that the reduction of effort would be so substant{al

as to impafr the successful prosecution of the research, A.I.D. may

request a change of principal {nvestigator, terminate the research

effort or make any other appropriate modification of the research agreement;

ARTICLE IIT - CHANGES IN RESEARCH METHODS, PROCEDURES, OBJECTIVES OR
PHENOMENA UNDER_STUDY '

A. The principal investigator may change thé'methods and procedures
employed in performing the research without making special reports on
proposed actions or obtaining A.1.D. approval. However, significant
changes in methods or procedures shall be reported to the Government
in perfodic or final technical reports. In the event the methodology
or experiment is stated as a specific objective of the research work,
any changes to either fall within the scope of paragraph B. below.

B. The stated objectives of the research effort shall not be
changed, except with the prior written approval of the Contracting Officer.

C. The phenomenon or phenomena under study, i.e.; the broad
category of research, shall not be changed except with the prior written
approval of the Contracting Officer.

ARTICLE IV - PERIOD OF CONTRACT SERVICES
The effective date of this Contract is June 1, 1975, and the

estimated completion date of work, 1ncluding final report(s), under
this Contract-1s May 31, 1978.
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ARVICLE V - ESTIMATED CONTRACT COST AND FINANCING

The Contractor will be reimbursed for the costs incurred in

performing services hereunder in accordance with the applicable

provisions of the Schedule and the General Provisions, subject to the

following 1imitation made in respect thereto:

A. Total A.I.D. dollar funds available for payment
and allotted to this Contract. See the clause of the
General Provisions entitled "Limitation of Funds"
and the article of the Schedule entitled 5Budget".

B. Estimated additional funds which may be
provided, 1f fuﬁds are avaflab?e. Seerthe CIause’
of the General Provisions entitled "Limitation
of Funds" and the article of the Schedule
entitled "Budget". |

Total Estimated Contracgugost
NOTE: It is estimated that the aforesaid amounts will be
sufficient to complete the work required hereunder
as set forth in the Schedule article entitled
“Statement of Vork".

ARTICLE VI - BUDGET

$491,000

$391,799

$882,799



LINE ITEM

1.

2.

Salaries &
Wages

Fringe
Benetits

Consultants

. Overhead

Travel and
Transportation

. Publications

Equipment and
Supplies

Vehicles
(Lease)

Participant
Costs

Subcontract

TOTALS

- BUDGET

FUNDS
AVAILABLE

FR: 06-01-75
T0: 12-31-76

3157.291
28,493
6,200

43,696

31,550
" 6,500

136,900
6,900

- 21,780

51,190 -
$491,000

ESTIMATED COST
TO COMPLETION.

FR: 01-01-77
T0: 05-31-78

$ 194,637

34,945
-0 -
61,457

14,990
2,500

29,200
4,850

21,780

' 27,449
$391,799

TOTAL
$ 352,428

63,438
6,200

105,153

46,540
9,000

166,100
11,750

43,560
78,630

$ 823/799



The "Funds Available" figure represents the total funds authorized to be
expended by the Contractor during‘the period indicated (see the Article
of the Schedule entitled "Estimated Contract Cost and Financing” and

the c1ausé of thé General Provisions entitled "Limitation of Funds").
Total contract expenditures shall not exceed the grand .total of the funds
Available. Within the grand total, the Contractor may adjust LineItem

amounts as reasonably necessary for the performance of the work.

The Contractor also agrees to furnish data which the Contracting Officer
may request on costs expended or accrued under the Contract in support

of the budget information provided herein.

ARTICLE VIT - NEGOTIATED OVERHEAD RATES |

A. Establishment of Postdetermined Indirect Cost Rates

Pursuant to the clause of the Génera1 Provisions of this Contract
entitled "Negotiated Overhead Rates - Postdetermined", a rate or rates
shall be established for each of the COnfractor's accounting periods
during. the term of the Contract. Pending establishment of final indirect
cost rates for the initial period, provi;ional payments on account of
allowable indirect coéts shall be made on the basis of the following

provisional rates applied to the base(s) which are set forth below:

Rate Base Period
On Campus - 46.2% Salaries and From: 1 Jun 1975
Wages To : Until Amended
Off Campus 34.13% Salaries and From: 1 Jun 1975

Wages To : Until Amended



Rate Base Period
Training (Off Campus) 19.88% Salarfes and From: 1 Jun 1975
Wages To : Unt{1 ‘Amended

Postdetermined indirect cost rates for subsequent perfods shall
be established in accordance with the terms of the "Negotiated Overhead
Rates - Postdetermined" clause of this Contract.

ARTICLE VIII - ALTERATIONS IN CONTRACT

A. ,I" accordarice with Additional General.Provisiop No. 3 entitled
“Personnel", whereunder the Contractor may not sendlindividuals outside
of the United States to perform work under the Contract without the
prior written approval of tﬁe Contracting Officer, the Contracting
Officer does, hereby, provide said approval for those individuals
required to trgvel outside the United States; provided, however, that
concurrence with the assignment and/or travel of any and all said
individuals outside the United States is obtained, in writing, from the
Cognizant Technical Cffice of A.I.D. prior to their assignment and/or
travel abroad.

This approval by the Contracting Officer shall not apply to
any other clause or provision of this Contract which specifically
requires Contracting Officer.approval.

Prior to making any visits to less developed countries, the
Contractor will review his plans with TA/AGR and will submit to TA/AGR
30 days prior to the intended trip a statement of purpose, length,

and expected results, ualass such 30 day advance notice 1s waived in
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writing by TA/AGR. Contractor will, through TA/AGR, keep A.1.D. Missions
jn countries to be visited fully informed of proposed visits, ask them
to provide any advice they wish regarding timing and content of the
visits, and to participate to the extent that may be agreed on and will
inform Missions of the trip outcomes. The Cont;actor win nnke necessary
appointments and logistic arrangements.
B. Add General Provision No. 39 (Attcchment B) entitled "Minority
Business Enterprises Suacontr&cting Program";
C. Add General Provision No. 40 (Attachment C) entitled "Labor
Surp1us Area Subcontracting Program".
D. Add General Provision No. 41 (Attachment D) entitled "Small
Business Subcontracting Program".
E. Consultants
Consultant services for a maximum number of 62 days will be reim-
bursed in connection with the services to be provided hereunder. No
compensation for consu]tants will be reimbursed unless their use under the
‘contract has the advance written approval of the Contracting Officer; and
if such provision has been made or approval gtven. compensation shall not
exceed, without specific approval.of the rate by the Centracting Officer,

(l)lthe current compensation or the highest rate of annual compensation

received by the consultant during any full year of the immediately preceeding

three years or (2) maximum daily salary rate of a Foreign Service Officer

Class 1 whichever is less.



Attackmaat A

STATEMENT OF WORK

Conduct research in sélected LDCs and at the University of
Hawai{ id determine more efficient Tegume-Rhizobium associations.
especially those suited to leached, acid tropical soils high

1n Al and low in bases.

A. Activities

1. Review and assess research completed and in progress
.relevant to successful systems for tropical legume-Rhizobfum
management,

2. Collect effective Rhizobfum strains
a. Obtajn better strains from existing collections .
b. Isolate new strains from active nodules

c. Place particular emphasis on strafns from target

legumes -
1) Primary species
a) Arachia hypogaea

b) Cajanus cajan

¢) Cicer arietinum

d) Dolichos lablab, D. biflorus
e) Glycine max

f) Lens esculens

g9) Phaseolus vulgaris, P. mungo, P. aureus,

P. radiato P. calcaratus (some generic names now_Macroptilium)

2) Secondary species

a) Tropical pasture legumes - Centrosema, Desmodium,

Glycine, Phaseolus (Macroptilium), Leucaena, Stylosanthes Spp.




b) Browse, covercrops and greenmanures - P.

anavalia. Crotolaria, Glyricidia, Seshania, Stizolobfu, etc.

¢) Minor grain and vegetable legumes - P. lunatus,

v. Sesquipidalis. and Voandzeia subterrania.

3. Begin characterization and screening of Rhizobium
strains.

4. Investigate specific nutrient requirements and
tolerance of stress of promising Rhizobium strains.

-8.- Search for improved methods of legume seed fnnocula-
tion to assure maximum effective modulation under target soil
conditions.

6. Host a workshop for exchange of information on research
in 1egume/Rhizobium systems and techniques for manipulation and
experimentation with both host and bacterial strains.

B. Interim Goals

1. Form a network of collaborators in field.
a. Exchange bacterial strains and legume varieties
b. Exchange research information
é. Assist in éxploration for and testing of
Riizobium strzins and host Tegumes.
2. ldentify five or mere superfor strains of Rhizobium
for each legume in the Primary category 1isted above. .

3. Identify one or more Rhizobium strains for 3 or 4
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legumes.which show exceptional tolerance to stress conditions
High Al activity, low base status, high salt or high soil
temperatures.
C. Services

1. Develop and distribute catalogue of sdperior
Rhizobium strains identifying the most approbriate varieties
of associated legumes. Describe the characterisiics of each
both advantages and 1imitations.

2. Develop training program and train 24 LDC specialists.

a. Prepare potential collaborators with neéessary
skills.
b. Train technicians to matintain cultures and dis-

tribute fnnoculum.

3. Distribute selected strains of -Rhizobium strains for
trial and demonstration.

4. Make limited distribution of Rhizobium strains for
commercia1 muiiiplication and sale.

5. Assist establishing culture multiplication and
distribution centers in developing countries.

D. Reports

Fifty (50) copies of the annual research reports shall be.
filed with AID/W 45 days after each anniversary date of the start
of the project. Technical reports shall be prepared and.i#sued by
the contractor to reflect significant accompl{shments or pivotal

times. it fs suggested that a distinctive format and cover be



.

selected for the technical reports so that they may be recognized
as a séries relating to‘one project. Preparation of annual
report should follow guidelines dated January 20, 1972, a copy
of which {s attached to this contracte



.Oensrel Provision !le, 39
NINORITY BUSINESS EITERFRISES .STRCONTPACTING PROSRAt (FPR 1-1.1310,2)

(a) The Contracter rerecs to estetlich ~nd cornduct a preeren which will
enetle nirority turiness enterprises (25 2efined {n the clerce entitled
¥Utilization of Mirorit: Pucinnss Enterprices") to te considered fairly as
stbeontr-ctors rnd suprliers unier this contrect. In this connection, the
Controctor sin1l - :

(1) Desirnate & leison officer wvho vill adrinister the Contractor's
minofity tusiress enterprises pregra=,

(2) Provide adecuate erd tirely consideration of the potentizlities of
known mincrity tusiness eaterprises in zll "zoke-cr<tuy" decisions,

(3) Assure that krown pinority bustinese ernterprises will heve en
equitable orportunity to corpete for sutcontracts, perticulerly by erranging
solicitations, tize for tne preparcticn of bids, quentities, specifications,
snd delivery schesules so as to facilitate the participation of minority
business enterprises. :

(4) Mzintain records showving (1) procedures which have been adopted ‘o
comply vith the policies set forik in this clause, including the establisirent
of a source list of minority business enterprises, (ii) awvanis to ninority
business enterprises on the source 1list, and (iiis specific efforts to
identify end awzrd contracts to minority business enterprises.

(5) Include the Utilizaiion of Minority Eusiness Enterprises clause in
subcoatracts vhich offer substantizl minority business enterprises subcontracting
opportunities, ——— :

(6) Coonerate ith t4a Contrzctiny Officer in any studies and surveys of
the Centr-ctorts Ziroriiy tusiness entarprises procedures and practices thet
the Contructing Officer may from time to tire conduct.

(7) suv=zit verioldic reports of sebcentracting to known nminority business
enterprises with respact to the records referred to in subpuragraph (4) above,
in such fora and nanner and at such time (not more often than quarterly) as
the Contracling Officer may prescritsa. '

(b) The Contractor further nececs to insert, in any 'subcontract hereunder
which may excend 550,020, provisinnc +hich chall conform substantially to the
languape of this clausa, includine this Frreeroph (b), and to notify the
Contrrcting Officer of tho iwmes of such succoatractors,


http:Contract.ng
http:Utlizti-.on

Oeneral Provision No. 40

LABQR SURPLUS AREA SUBCONTRACTING PROGRAM (FPR 1-1.805-3(b))

(a) The Contractor agrees to establish and conduct a progran
which will encourage labor surplus area concerns to compete for
subcontracts withir their capabilities. In this conneotion, the
Contractor shall-

(1) Designate a lialson officer who will (1) maintain
liaison with duly authorized representatives of the Government on
labor surplus area matters, (ii) supervise compliance with the
Utilization of Concerns in Labor Surplus Areas clause, and (111)
administer the Contractor's "Labor Surplus Area Subcontiracting
Program";

- (2) Provide adequate and timely consideration of the potentiali-
ties of lebor surplus a:ca concerns in all "make-or-buy" decisions;

(3) Assure that labor surplus area concerns will have an
equitable opportunity to compete for subcontracts, particularly by
arranging scolicitations, time for the preparation of bids, quantities,
specifications, and delivery schedules so as to facilitate the
participaticn of labor surplus area concerns; ’

_ (4) Maintain records showlng procedures which have been adopted
to comply with the policies set forth in this clause. Records
maintained pursuant to this clause will be kept available for review
by the Government until the expiration of { year after the award

of this contract, or for such longer period as may be required

by any other clause of this contract or by applicable law or
regulations; and

(5) Include the Utilization of Concerns in Labor Surplus
Areas clause in subcontracts which offer substantial labor surplus
area subcontracting orportunities,

(b) A "labor surplus area concern” is a concern that (1) has
been certified by the Secretary of Labor (hereafter referred to as
& certified-eligible concern) regarding the employment of a proportionate
number of disadvantaged individuals and has agreed to perform
substantially in or near sections of concentrated unemployment or



underemployment, in persistent or substantial lnbor1nurplul areas, or
in other areas of the United States or (2) 1s a noncertified concern
which has agreed to perform a substantial proportion of a contract in
persistent or substantial labor surplus areas. A chtifted-eltgible
concern shall be deemed to have performed a substantial proportion

of a contract in or near sections of concentrated unemplcyment or
‘underemployment, in persistent or substantial labor surplus areas, or
in other areas 1f the costs that the concern will incur on account of
manufacturing or production in or near such sections or in such areas
(by itself, if a certified concern, or by certified concerns acting
as first-tier subcontractors) amount to more than 25 percent of the
contract price. A concern shall be deemed to have parformed a
substantial proportion of a contract in persistent or substantial
labor surplus areas (by itself or its first-tier subcontractors) if
the costs that the concern will incur on account of production or
manufacturing in such areas amount to more than 50 percent of the
contract price. : :

(c) The Contractor further agrees to insert, in any subcontract
. hereunder which may exceed $500,000 and which contains the Utilization
of Concerns in Labor Surplus Areas clause, provisions which shall
conform substantially to the language of this clause, including this
paragraph (c), and to notify the Contracting Officer of the names

of such subcontractors.



Oeneral Provision N, 41

SMALL BUSINESS SUBCONTRACTING PROGRAM (FPR1-1.710-3(b))

(2) The Contractor agrees to establish and conduct a small
business Subcontracting Program which will enable small business
concerns to be considered fairly ag Subcontractors and suppliers
under this contract, In this Connection, the Contractor shall-

(1) Designate a 1iaison officer who will (1) maintain liaison
with the Government on small business matters, (ii) supervise
compliance with the Utilization of Small Business Concerns clause,
and (1iji) administer the Contractors "Small Business Subcontracting

- (2) Provide adequate and timely consideration of the potentialities
of small business concerns in all ""make -or ~by decisions,

(3) Assure that small business concerns will have an equitable
opportunity to compete for Subcontracts, particularly by arrandging
solicitations, time for the pPreparation of bids, Quantities, specifications,
and delivery Schedules so as to facilitate theparticipation of small
business concerns, Where the Contractorts lists of potential small
business subcontractors are execessively long, reasonable effort shall
be made to give all such small business concerns an opportunity to
Compete over a period of time, ~

(L) Maintain records showing (1) whether each prospective subcontractor

a small business concern, (ii) Procedures which have been adopted to
comply with the policies set forth in this clause, and (i1i) with respect
to the letting of any subcontract (including purchase orders) exceeding

(A) Whether the award went to larg or small business,

(B) Whether less than three or more than two small business
were solicited,

(C) Trc reason for nonsolicitation ©3 small business ir such
was ire case, )

Ths records maintaineg in accordance with (i1i) above may be in such

form as the Contractor may determine, and the information shall be

summarized quarterly and submitted by ‘the Purchasing department of each
individual plant or division to the Contractor's cognizant small business
laisen officer,. Such qQuarterly summarieg will be.considered to be manage-
ment records only and need nct be submitted routinely to the Government;
however, records maintained pursuant to this clause will be kept available
for review by the Government until the expiration of 1 year after the award
of. this contract,or for such longer period as may be required by other clauce
of this contract or by applicable law or regulation,






