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PROJECT StM4AR.Y 

A. Statistical 

Project Title: 

Project Phase: 

Contractor: 

Principal Investigator: 

Duration: 

Maximizing Symbiotic Fixation 
of Nitrogen by Grain and Foraee 
Legumes in the Tropics. 

Extension. 

University of Hawaii 

Dr. A. Sheldon Whitney 
NifTAL Project 
P. O. Box "0" 
Paia, Maui, Hawaii 96719 

Cur:rent Authorization: June 1, 1975 - Ma:: 31, 1978 

Proposed Extension: June 1, 1978 - May 31, 1981 

Total Estimated Cost: 

Through May 31, 1978: 

06-01-78 to 05-31-79: 
06-01-79 to 05-3l-8r: 
06-01-80 to 05-31-&1: 

Total this request: 
Total estimated cost: 

Project Specialist: 

B. Narrative 

497,350 
733,660 
743,690 I 

932,307 

. ~,974,700 

Dr. John Malc~l~~ .. / 

The :-fiIT.<\!. Proj ect '",as 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 inc'!"easing1y 
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. 
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NiflAL's purposes and objectives are designed to 
provide a foundation of tested rhizobial germplasm, improved 
inoculation methodology, a better understanding of the 
manaiement of legumes for maximum nitrogen contribution to 
cropping systems, and a cadre of trained technicians; in 
order that the potential of tropical legumes ~an be more fully 
exploited in developing countries for :he benefit of their 
farmers and consumers. 

Since its inception in 1975, the NiiTAL 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 leguaes; b) developed research and' 
training facilities appropriate for these programs; c) 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 
climatp. 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 LDe 
junior-level ~ientists. Coordination of NifTAL programs with 
others in the tropics has beefi actively pursued through pa~ici­
pation in international conferences and symposiums, hosting a 
workshop on "Exploi ting the Legume-Rhizobium Symbiosis in 
Tropical Agriculture" and thl'ough visits to developing countries. 

It is planned to continue these programs in the extension 
phase, and to develop a formal network of cooperating scientis~s 
in the developing countries who will collaborate · ... i th NiflAL 
in the testing of Rhi::.ob:,um strains selected by NifTAL (and by 
cooperators), inoculation methodology, etc., under local 
conditions. 
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RESEARO! PURPOSE AND EXPECTED PRODUCTS 

PURPOSE 

The goal of the NifTAL ?roject is to reduce the dependence 
of LDC f~rmers on nitrogen fertilizer for the production of increased 
quantities of food. This will be accomplished by assisting ~~ 
and legume programs throughout the tropics to more effectively 
exploit the legume-Rhizobium symbiosis. Project purposes and 
associated objectives for th~ 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 adapted 
to tropical conditions; and distribute same to researchers 
and inoculum producer~. 

1) 

2) 

Assemble additional strains of Rhizobium ' .... hich are 
presumed to form effective associationS-with 
economically-useful tropical legumes. 

Identify tA'O 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 

nati ve rhizobia .. 
d. Tolerant to high soil temperature. 
e. Effectively nodulate a wide spectrun: of 1 ~gume 

hosts. 
f. Have growth characteristics which are compatible 

with inoculant manufacture. 

3) 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. 

4) Distribute information on strain performance and 
characteristics to Rhizobium workers throughout the 
tropics " 

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

.5 



RESEARCH PURPOSE AND EXPECTED PRODUCTS 

PURPOSE 

The goal of the NifTAL Project is to reduce the dependence 
of toe farmers on nitrogen fertilizer for the production of increased 
quantities of food. This will be accomplished by assisting Rhizobium 
and legume programs throughout the tropics to mare effectively 
exploit the legume-Rhizobium symbiosis. Project purposes and 
associated objectives for t~e 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 adapt~d 
to tropical conditions; and distribute same to researchers 
and inoculum producers. 

1) Assemble ldditional strains of Rhizobium which are 
presumed tv form effective associations with 
econQmically-usenll tropical legumes. 

2) 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 L~portance. 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 tel high soil temperature. 
e. Effectively nodulate a wide spec.trum of legume 

hosts. 
f. Have growth characteristics which are compatible 

with inoculant manufacture. 

3) 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. 

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

5) Provide cultures of Rhizobium strains to researchers and 
inoculum producers throughout the tropics (upon request). 
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'1\. Develop system for improved inoculum deli very. and for 
ensuring dependable effective inoculation in the field. 

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

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

3) 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. 

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

1) Define t~e nitrogen contribution of selected legumes 
in inte!"cropping systems under various levels of 
competition by the associated crop for sunlight and 
nutrients. 

2) 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. 

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

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

D. Train technican3 for applied research and technology in 
Rhizobium. bacteriology and in cuI tur3.1 techniques for 
maximizing nitrogen fixation. 

1) Conduct three S-week training courses in Rhizobium 
Technology. 

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

3) Support 4-5 graduate-research assistants. 
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I!XP!CT!D PRODUCTS 

A. A Rhizobium germpl~sm collection consisting of approximately 
300 strains in the active collection and 500 strains in the 
inactive (reserve) colloction--providin~ a valuable resource 
for legume and Rhizobium programs in the tropics. 

B. A foundation of tested rhizobial strains which can be 
recommended for specific legume crops and for legumes grown 
under variol~ stress conditions. 

C. Improved methods for inoculum delivery and inoculation of 
legumes under trop~cal conditions. 

D. Improved methods fOl maximizing nitrogen fixation by legumes 
in multiple-cropping systems, including methods for residue 
managemen'l: . 

E. A cadre of trained technicians in developing countries who 
are skilled in Rhizobium methodology or in cultural techniques 
for maximizing N lixation by tropical legumes. 
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PROGRESS OF TIlE PROJECT 

A. Planned Output 

A cornprehensi ve Rl-.izobium collection containing 600 
cultures in 2 years, 1000 strains with at least 5 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 tittle coubt that many isolates 
already in the collection will prove highly effective on 
this legunle. The collection also holds at least 5 isolates 
for 9 out of IS target pasture, green-manure, cover-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 ~nd will be listed with the World Data Center for 
Microorganisms. All other strains should be lyophylized 
and held in inactive storage. 

B. Planned Output 

At least one superior strain for 3 target leg'.:.::'.c5 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 t~rget 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. 
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C. Planned Output 

One workshop involving approximately SO scientists within 
16 months. 

Progress and Comments 

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

D. Planned Output 

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. 

E. Planned Outnut . 

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 comp~Tec to 
urea-N in the greenhouse (S legumes) and in the field (1 legume). 
Additional work on mineralization of residues of varying C:N 
ratio should provide a basis for ievising 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 fertilization. 
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,. PIUll" OUtput 

Train 24 LDC technologists within 3 years. 

Progress and Comments 

Seventeen j~~or-1eve1 scientists have been trained in 
Rhizobium technology to date in 6-week training courses 
conducted by NifTAL. A final course is scheduled for 
February/M~rch 1978. Response from trainees who have 
co~leted the course have been quite satisfactory to date. 
r.1er~ appears to be a continuing demand for this type of 
training and for short courses for senior-level scientists. 

G. Planned Output 

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

Progress and. Comments 

Four graduate research assistants were hired during the 
second year of the project, and ar~ 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. 
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SIGNIFICANCE ANO RATIONALE FOR EXTENSION 

A. Importance of the Problem 

1) The rapid growth of the world's population will create 
the need for additional p~otein 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 1 . 

2) "The United Nations, the Central Intelligence Agency, 
the Congressional Budget Office, the Office of Teclmology 
Assessment, the Stanford Research Institute, M.I.T., 
EXXON, Ralph Nader and the League of \'iomen Voters--all 
these and more have offered assessments of the world's 
energy outlook2 ." 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 
expensiva resource. Since nitrogen fertilizers are extremely 
energy intensive, it seems safe to predict that the 
utilization of nitrogen fenill:er to achieve increases in 
food production will become less and less cost-effective. 

3) 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 demand3 • 

4J In the developing countries which must purchase their 
fertilizer (or energy) with hard currencies, this 
competition for nitrogen fertilizer (or energy) will 
create additional problems in providing additional 
fertilizer to support increased food production. 

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

6) 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. 

lOavid Pimentel (Professor, Cornell University). In~ervie\ .. in 
The Honolulu Advertiser, April 5, 1977. 

2Paul E. Steiger (Los Angeles Times Service). Syndi~ated 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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7) 

8) 

9) 

Prospects for utilizing exotic systems through genetic 
manipulation are conceeded to be still far in the future~. 

The stat~~ of internatlonal research efforts in the food 
le~es ha~ been rated by Dr. R. W. Cummings, Jr.5 as 
seriously-to-critically inadequate in every area of~h.e 
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. 

Rhizobium technology has the potential for becoming 
accepted in developing countries. In India, there are 
now over 40 private and public inoculum producing lUlits 
whereas there were only six public units and one private 
unit in 19706 . 

The role of NiiTAL 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 Qinimal dependence on nitrogen fertilizer. This can 
be accomplished through providing a foundation of tested 
rhizobial 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, th~ legume-Rhizobium 
association has been generally recognized as making the most 
contribution to agriculture at present and having the greatest 
potential for increase. 

~R. W. Cummings, Jr. Food crops in the low income countries: The 
state of present and eA~ected agricultural research and technology. 
Rockefeller Foundation--Working Paper, May 1976. 

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

6V. 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 ~ajor and s~veral 
lessor proJraa developments which are significant to the 
overall research progress: 

1) The establishment of the NifTAL Project itsel~ 
must be considered a major development. The 
Rhizobium collection is proba1-.1y second or third 
in the world (after the Nitragin Co. collection an'! 
probably the CSIRO 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 th~ 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 
collection for 'v"arious legumes. with emphasis on 
Phaseolus vulgaris, and has conducted some field tests 
of Rhizobium strains. 

4) The ICRO Panel supported by UNESCO and UNEP has begun 
the establislunent of mcrobiological Research Centers 
(MIRCEN's), with the initial support for such c~nters 
going to the Department of Soil Science, University 
of Nairobi and the University of Federal do Rio Grande 
do SuI, Brazil. This additional suppor~ will enable 
these groups to significantly expand their programs, 
although the suppor~ is intended for fermentation, 
degradation, and other microbiology w'ork in ,lddi tion 
to the Rhizobium research. 

5) Two Rhizobium researchers have recently been hired to 
work in PUerto Rico under AID auspices: Dr. Roger Smith 
(2l1-d supported; work on pigeon pea and inoculant 
problems) and Dr. Stewart Smith (INTSOY). 

6) FAO interest in expanding the capability of LDC 
countries to carry out symbiotic 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. 
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7) Several internationl conferences have been held on 
the subject, notably in Srazilia &nd Salamonca (Spain). 
Short training courses have also been sponsored by 
UNesCO and others, with the lf~SCO courses having a 
relatively smAll Rhizobium component. 

There a=3 a number of strong research centers focusing on 
symbiotic N-fixat~Jn by tropical legumes. These include the 
following: 

1) CIAT: Phaseolus beans, Stylosanthes spp. 

2) ICRISAT: Pigeon pe~J chickpea, peanut. 

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

4 ) Thail and: 

a) 

b) 
c) 
d) 

Ministry 
Soybean. 
Kasetsart 
Khonkhaen 
Chiengmai 

of Agriculture, Division of Plant Pathology: 

University: 
University: 
University: 

Soybean, mungbean. 
Soybean, mungbean. 
Soybean, mungbean. 

5) 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 Institute is working on inoculant standards 
for inoculants manufactured by the 40 functionir.g 
product.ion units. 

6) 

7) 

U.S.: North Carolina State University and Texas A & M 
University both have strong research programs on peanut 
and soybean Rhizobium. Most of the other significant 
U.S. programs are either in the Nor~h or are concerned 
more with basic research on soybean. 

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

a) Dr. Dobereiner's group at 00 RAP A , 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-cased 
Rhizobium collections or intensive training programs in Rhizobium 
methodology. 
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There has also been a surae of interest in multiple 
croppini in recent years, and croPpini systems research is being 
snODlly supported by most of the international crops .. ~esearch 
centers. However, this work is usually not focused on ~'Ximizini 
the nitroien concribution of the leaume component, except at 
CIAT where N-fixation by beans associated with maize is ~uini 
evaluated. Basic studies in ecologyl 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 leaume. Since the major =eason for the importance of the 
leruae is its ability to fix nitroien, it seems clear that 
inte~ive WOTX on N-fixation by intercropped legumes is needed 
in order to maximize the yield of the total cropping system. 

Iprof. C. T. de Wit Summary Statement, Proceedings Symposium 
on Plant Relations in Pastures, Brisbane, May 1976. 
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PLANS FOR RESEARCH COORDINATION 

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

1) CSIRO (Brisbane): Stylosanthes spp., Leucaen& 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 
bee'il 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 ~Apression of interest 
in cooperative programs have been received 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 
visi ts and at"i,;endance 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 cooperators 
in each region. The experiments presently conducted in cooperation 
with the Benchmark Soils 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 th~ 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 mic=obiologist to visit each cooperator (accon~anied by the 
appropriate regional coordinator) during the second and/or third years. 
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PLANS TO FACILITATE UTILIZATION 

A. Publicadon 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 impo~tant tool 
for utilization during the extension phase of the contract. 
The catalorue will be revised durini the second year of the 
extended contract. 

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

C. Papers will be presented at two or more appropriate nat~nal 
conferences and two or more international conferences to 
disseminate the results obtained by NifTAL. 

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

E. Newsletters will be sent to graduat~s of the training courses 
and cooperators to keep them informed of progress by th~ir 
colleagues and by NifTAL. No other newsletter is planned 
since the Rhizobium N~wsletter provides a convenient vehicle 
for publicizing special findings or programs. 

F. 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. 
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MANAGEH!NT CONSIDBRATIONS 

A. Continuation of the same m&naeement team is contemplated 
for the project extension. The sub-contract with the 
University of California-Davis h~ proved to be highly 
productive and will also be continued. 

B. 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. 

C. The close worxine relationships which have been develo~ed 
with the Benchmark Soils Proj~ct will be continu~d, wi:h 
emphasis on determining the transferrability of information 
on Rhizobium strain performance on soils of the same 
family. 

D. Training courses in Rhizobium Technology will be offered 
at sites other than Hawaii where f.acilities and personnel 
support are available. CIA! has already indicated their 
interest in hosting one course. 

E. At this ~iting, 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 synergistic. 

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

H. 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 

A. The technical basis for the approach taken toward screening 
for superior Rhizobi~ strains is discussed in the original 
proposal. Work to date confirms in general, the hypothesis 
that it is possirle to select strains of Rhizobi;,[!l whi;h are 
unusually effective on one legume or a wide rang~ of l!gumes 
or are unusually tolerant to soil stress factors such as 
hiah soil Al or Mn, low soil Ca, high soil temperature, etc. 

B. A large number of the legumes used a~riculturally in the 
tropics are nodulated by a group of Rhizobium knokn collectively 
as the "cowpea miscellany". These Rhizobium are slow-gTowing 
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 taxonomy. The 
legumes nodulated by this group ~re usually considered to be 
rather promiscuous, but many of these legumes do exhibit a 
moderate-to-high degree of specificity (e.g. Sphen03tylus, 
Sesbania, Canavalia, and Leucaena). There is, therefore, 
opportunity to select highly effective strains for these 
legumes with a reasonable expectation that inoculation 
responses lrill occur where these plants are introduced 
into new areas. There ar8 also a number of cool-season 
legumes such as Lens, Cicer and Vida spp. which are grown in 
tropical latitud~bu~ nodulated by fast-growing Rhi:obium 
and are relatively specific in their strain requirements. These 
too are prime candidates for achieving responses tJ inoculation. 

C. 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 ~uperior to bagasse. However, both have 
sucrose ~ontents that favor the growth of antagonistic fungi. 
Other materials which are presently being used in various 
places include lignite, compost, soil, and coconut coiro 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. I'lork is needed to identify the most suitable packaging 
materials for use where the carrier must be autoclaved. 

D. 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-fi.xation to a much greater extent than top growth. Also, 

19 



1alectioll by Ihi,obi~ MY be inhiDited at low ~ lIvell, 
a,.clinl 011 tEe plant specie.. However, the available 
inforaation relardin, the,effects of f,ctor! such ~ soil 
acidity Chi&h Al, and Mn, low Cal, sha~\nl effects, and 
nutrient competition is extremely defici~nt for nearly all 
the tropical le,umes. 
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RESEARCH DESIGN AND METHODS 

1. Sumary of Major Activities 	 Month to
 

A-i. 	 Assemble additional Rhizobium
 
strains:
 
a. 	assemble additional 130
 

strains (for total of 800) 

b. 	assemble additional 100
 

strains (for total of 700) 


A-2. 	Identify superior Rhizobium
 
strains (>,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
 
chosen in (a.) 


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


A-3. 
 Establish network of collaborators:
 
a. 	planning conference in Hawaii 

b. 	regional conferences 

c. 	visits to cooperators 


A-4. 	 Update and distribute Rhizobium
 
catalogue: 


A-5. 	 Distribute cultures: 


B-i. 	 Evaluate inoculum carriers and 

packages: 


B-2. 	 Test fungi for Rhizobium inoculum: 


B-3. 	 Develop improved inoculation
 
techniques:
 
a. for soils with background
 

cowpea 
b. 	for high temperature conditions 

c. 	for acid soils 


Start Complete 

1 18
 

18 36
 

1 12
 

12 30
 

8 24
 

21 36
 

9 9
 
12 24
 
13 36
 

12 18
 

i 36
 

1 18
 

6 36
 

36
 
i 24
 
1 36
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Month to
 
Start Complete 

C-I. 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 
b. P responses 
C. Lime and calcium responses 

2 
1 
2 

21 
12 
29 

C-3. Test methods to minimize N-fixation 
depression due to high N, other 
crops: 
a. methods to overcome high N

effects 
b. methods to overcome competition,

other crops 

18 

24 

36 

36 

C-4. Define soil and management factors 
limiting efficiency of legume­
residue N: 1 24 

D-1. Three Rhizobium technology 

training courses: 5 30 

D-2. Intern-type training By arrangement 

D-3. Graduate Research Assistant 
training 1 36 

2. Experimental Methodology
 

Additional Rhizobium strains will be solicited from
existing collections with preference given to local strainspreviously documented and tested. Isolations from nodules willbe made in order to obtain cultures for specific requirements(e.g. less important legumes or acid soils). 
 Each acr*uisition
will be tested for authenticity by inoculating the host (orrarely, Macro-tilium atroourpureum) 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 andregistered with the World Data Center for Microorganisms. 
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Selected strains from the active collection will be
subjected to further testing in order to identify superiorstrains. Testing for strains tolerant of conditions typicalof highly weathered soils will be conducted under theof the auspicessub-contract wIth the University of California-Davis(Dr. D. N. Hunns). Initial screening will be done usingmodified Leonard jars in the greenfiouse, replicatedPromising strains as needed.from these trials will then be tested in
field trials, both in Hawaii and by cooperators in developingcountries. All field 
which 

trials will utilize a standard protocolcan be adapted to local conditio-s and will involvemeasurements of plant heigh, acetylene-reductLon activity(where feasible), nodule weight, and yield.
identification Serological
of the Rhizobium strainsnodules actually producing thein overseas tests will be done by NifTAL, or doneby cooperators who are competent in serology with frequent
confirming checks by NifTAL microbiologists.
 

The criteria for superior strainsability include competitiveand persistence, and these will be evaluated usingserological analysis of organisms recovered from nodules or
from soil usiog both gel-diffusion and fluorescentserological methods. antibodySimilar techniques will also be used toevaluate the effectiveness of various inoculation methods.
Tolerance to high temperatures will be evaluatedbroth, by incubatingpeat, and soils containing the organisms at 35-40Cfor varying periods of time.
 

Evaluation 
of inoculum carriers and packagingwill be by determining a) growth and b) 
techniques

persistenceRhizobium of thein various combinations of carriers, packages, andcarrier-sterilization methods and under other conditions such
as range in age of inoculum, temperature variation,potential etc. Thefor using beneficial fungi in Rh-izobium- inoculumwill be evaluated very similarly, usingready cultures of fungi al­available to NifTAL which have been observed to enhancethe growth of Rhizobium under certain conditions. 

Studies of the effects of soil acid't7, phosphorus,
and nitrogen nutrition, and crop competitionby different on N-fixationtypes of legume plants will be carrier outstandard field and using 
that 

greenhouse experimental techniques,in some exceptcases, continuous function experimentsused to evaluate will bethe plant response a continuously changingrate of application of soil 
to 

amendment or plant nutrient.Crop competition effects will be determined using legumes
intercropped with maize 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 soil and management factorson the efficiency of legume residues as sources of N forsubsequent crops will be approached by screeningvariety of legum, residues (on an equa'-N basis) 
a wide 
to determinethose 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 1980-81 is
 
$1,974,700. Not included is the support froa 
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
invov-1ed in training because knowledge learned under other objectives ­
of this program are passed on to the trainees. Five additional 
graduate students expected receive degrees under thisare to program.
 

Similarly, although $94,000 (plus staff time) is budgeted 
 for 
network costs, this is only a fraction of the total costs izvolved
 
since most of the total research program is oriented toward this testing

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:
 

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

1) Salaries (Workmonths) 228,100 331,540 356,750
 
(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 39,00041.
 

5) Travel and Subsistence 19,000 27,700 28,400
 

6) Participant Costs 18,000 19,800.'
-t , 21,800j' 

7) Freight to LDC's 110,000 6,000 ' 

8) Publications 3,000 J 6,000 6,000 

9) Equipment and Supplies 60,000 79,800 58,500
 

10) Vehicle Lease 6,200 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
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WORK PLAN
 

Purpose 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 include: 
authentication and testing of strains for effectivenei )n target

legumes in growth-room or greenhouse tests using modified Leonard
jars; characterizing those strains selected fror.the active
 
collection by various laboratory tests; maintaining documentation
 
on all strains; preparing cultures for storage, and prepariAg

cultures for sending to recipients.
 

A major increase in research activity is planned in order
 
to field-test selected strains 
(against locally-selected strains
where feasible) at locations throughout the tropics. This will
 
involve the establishment 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 greenhouze are needed to upgrade the testing program.

The establishment of a formal network of cooperators for field­testing of rhizobia will require the employnent 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 improved 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 which 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 of introduced Rhizobitum in
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soils containing a background of less-effective strains or in
which high temperatures occur at the surface.
studies of placement, inoculum carriers, 
These will include
 

inoculum size, and use
of co-applied amendments. 
 This work will require recovery 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 require part-time
work by two microbiologists, 
two technicians, and one graduate
assistant. 
Some additional serology equipment will also be
required to expedite the typing of large numbers of nodules and
for identifying Rhizobium strains in soil.
 

Purpose C:
 

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

Planned resiarch activities include field experiments in
which nitrogen fixation of selected legumes is determined when
grown with associated non-legumes. 
 Cultural systems will be
utilized which result in different degrees of intercrop competi­tion for nutrients and sunlight in order to a) determine the
relative influence of these factors, and b) devise improved
techniques for minimizing competition effects on N-fi.xation.
These then will be tested in subsequent field experiments.
Additional field experiments will be conducted to define the
effects of soil pH (including Al and Ca levels),
and soil nitrogen levels soil phospaiorous,
 
selected grain legimes. 

on N fixation by several var:taie:: of
These will be supplemented wi'i 62eenhouse
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 Vipa and Phaseolus spp. will also be compared, especially
with respect to tolerance to 
high soil N levels.
of legume residues as N sources 
The efficiency


for subsequent crops will be
evaluated at first in incubation studies in the laboratory and
greenhouse, using materials of various C:N ratios, and then
checked with simple field experiments on both highly and
moderately-weathered soils.
 

The program of work will require two professional agronomists
and at least two technicians plus two graduate assistants.
also be necessary to It will
assure the capability of analyzing large
numbers of samples for nitrogen content and to upgrade the green­house facilities. 
 Only moderate amounts of supplies 
are required
for these activites, but adequate vehicle support is essential.
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Purpos. D:
 

Train technicians for applied research and technology inRhizobium bacteriology and in cultural techniques for maximizing

nitrogen 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 least 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 giaduate students.
 
Additional training equipment (especially microscopes) and

supplies will be needed in order to enlarge the course and to
 
provide for graduate student research.
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SUB-CONTRACT 

Subcontractor: University of California-Davis 

Title: Effects of Soil Chemical Environment 
on Symbiotic Performance 

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

Rationale and Scope of Work:
 

Many soils of the tropics which are or can be used for
agricultuxre 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 are 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 daring the
initial phase of the contract. Continuation of the sub-contract
 
is therefore 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 Vi 
 , Cicer, Lens, Arachis,

Phaseolus (low P only), 
 ajanus, Psophocarps,
Voandz:ia, ai:d selected forage legune.
 

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

3) 	Diagnostic criteria and predictors of tolerance for

host-Rhizobium associations under stress conditions
 
including Rhizobium characteristics and soil testing
 
methods.
 

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

Greenhouse and laboratory procedures have been developedduring 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 axe appropriate for the planned level 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 B -- MILESTONE OIART 

A C 	T I V I TY Initial Phase 
 Extension Phase
 

1975/76 1976/77 1977/78 1978/79 
 1979/80 1980/8l
 

A: lRhizobium Collection and Testing

A-1 Assemble strains 
 oA-2 Identify superior strains 
 S7 
A-3 
Establish network of collaborators
 
A-4 Distribute catalogue
 
A-S Distribute Rhizobium culture
 

B: 	 Inoculation Methodology
 
B-1 Evaluate inoculum carrier packages
 
B-2 Evaluate beneficial fungi

B-3 Develop improved incoulation methods
 

a) 	against inqffective soil 

population s_
 

o
b) 	high temperature conditions
 

C: Cultural Systems to Maximize N Fixation

C-1 N contribution to Intercropped Legumes 
 0
C-2 Lime and fertilizer effects on N fixation
 

a) 	soil N, determinate vs. 
 0
 
non-determinate legumes

b) phosphorous nutrition 

c) e
lime and calcium responses 	

0 
8 	 o 

C-3 Systems to maximize N fixation 
 Ca) at high levels of soil N 

b) in competition with non-legumes u
 

C 

D: 	 Training 
2 3 4a) 	 5-week Rhizobium technology courses 6 

o-------.A----- . .
b) 	Graduate assistants 

A 

A = Interim goals 

0 Start
 

= 
Revision of program or catalogue 
 o Completion
 
A - Planning conferences or training courses held
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D H S C R I P T I 0 N 


SALARIES
 
Microbioy

Asst. Microbiologists 

Technicians(Res.Assoc. II) 


" (Res.Assoc. I) 

Grad. les. Asst. 


Sub-subtotal 


Agronomy

Senior Agronomist 

Asst. Agronomist 

Agron. (Post. Doc.) 

Technicians(Res.Assoc. I) 

Grad. Res. Asst. 


Sub-subtotal 


Extension
 
Ext. Se. Microbiologist 

Asst. Microbiologist 

Asst. Curator(Res. Assoc II) 


Sub-subtotal 


Support

Project Manager 

Secretary 

Clerk-typist 

Bibliographer-Editor 

Utility person 

Student help-casuals 


Sub-subtotal 


Subtotal 


Detailed 


1978-79 

Mos. Costs 


24 

24 

12 

12 

72 


12 

10 

-


24 

12 

58 


-

3 

12 

15 


12 

12 

-

6 

-

-


30 


175 


35,530 

27,120 

11,500 

12,000 

8b,150 


33,600 

13,750 


-

21,000 

12,000 

8 


-

4,580 

13,560 

18,140 


17,820 

12,640 


-

7,000 

-


6,000 

43,460 


228,100 


Budget
 

NW,.. 


24 

24 

12 

12 

72 


12 

12 

12 

36 

18 

90 


12 

3 


12 

27 


12 

12 

12 

12 

12 

-


60 


249 


1979-80 

Costs 


38,200 

28,300 

12,100 

lQ,600 

9f,200 


34,850 

17,070 

16,000 

33,000 

18,600 


119P520 


28,100 

4,8 1u 

14,760 

47,670 


18,500 

13,250 

10,000 

15,200 

10,000 

6,000 


72,950 


331,340 


1980-81 

Mos. Costs 


24 40,200 

24 30,000 

12 12,770 

12 13,300 

72 96P270 


12 36,100 

12 17,650 

12 16,000 

36 35,400 

18 19,600 

90 124,750 


12 29,400 

3 5,150 


12 15,960 

27 S0P510 


12 19,220 
12 13,900 
12 10,500 
12 - 16,400 
12 11,200 
- 14,000 

60 85,220 

249 356,750 


Mos. 


72 

72 

36 

36 


216 


36 

34 

24 

96 

48 


238 


24 

9 


36 

69 


36 

36 

24 

30 

24 

-


150 


673 


Total
 
Costs
 

113,930
 
85,420
 
36,370
 
37,900
 

273,620
 

104,550
 
48,470
 
32,000
 
89,400
 
50,200
 

324,620
 

57,500
 
14,540
 
44,280
 
116020
 

55,540
 
39,790
 
20,500
 
38,600
 
21,200
 
26,000
 

201,630
 

910,190
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1978-79 


FRINGE BENEFITS 
 40,800 


CONSULTANTS 
 -4000 


NETWORK COSTS
Planning Conf. (incl. travel)
Regional Conf. (incl. travel) 

10,000 
---

Regional Coord. Grants@$3,000 "'-
Cooperator Grants @$S00 ---

Subtotal 10,000 

TRAVEL & SUBSISTENCE
 
Project Personnel
 

Domestic 
 7,000 

Foreign (incl. Network
 
Coord.) 
 12,000 

Subtotal 
 19,000 


PARTICIPANT COSTS 
 18,000 


FREIGHT 


PUBLICATIONS 
 3,000 


EQUIPMENT & SUPPLIES
 
Library & Computer 
 1,500

Office/Training Supplies 
 4,000

Agricultural Supplies 
 6,000

Scientific Supplies 
 14,000

Utilities and Lease 
 12,000

Office/Training Equipment 
 1,500

Agricultural Equipment 
 6,000

Scientific Equipment 
 15,000


Subtotal 
 60,000 


SUBCONTRACT 
 35,250 


VEHICLE LEASE 
 6,200 


INDIRECT COSTS 
 73,000 


TOTAL 
 497,350 
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1979-80 


_60,400 


5,000 


15,000 


15,000 

15,000 

45,000 


7,700 


20,000 

27,700 


19,800 


10,000 


6,000 


1,800 

5,000 


10,000 

22,000 

14,000 

2,000 


12,000 

13,000 

79,800 


35,790 


6,800 


106,030 


733,660 


1980-81 


64,000 

5,000 


3,000 


18,000' 

18,000 

39,000 


8,400 


20,000 

28,400 


21,800 


6,000 


6,000 


2,000 

4,000 

10,000 

20,000 

16,000 


500 

3,000 

3,000 


58,500 


36,880 


7,200 


114,160 


743,690 


Total
 

165,200
 

14,000
 

10,000
 
18,000
 

33,000
 
33,000
 
94,000
 

23,100
 

50,000
 
75,100
 

59,600
 

16,000
 

15,000
 

5,300
 
13,000
 
26,000
 
36,000
 
42,000
 
4,000
 

21,000
 
31,000
 

198,300
 

107,920
 

20,200
 

293,190
 

1,974,700
 



Appendix D 

Input/Output Budget 

INITIAL PHASE 1978-79 1979-80 1980-81 TOTAL 

Total Thru Work Work Work 
June 1 '78 Mths. Costs Mths. Costs Mths. Cost Thru June 1, 198 

INPuTS 

Salaries & Wages 396 372,050 175 228,100 249 331,340 249 356,750 1,069 1,288,240 
Fringe Benefits 
Consultants 

60,907 
7,886 

40,800 
4,000 

60,400 
5,000 

64,000 
5,000 

226,107 
21,886 

Network Costs 
Travel & Subsistence 
Participant Costs 

49,104 
47,877 

10,000 
19,000 
18,000 

45,000 
27,700 
19,800 

39,000 
28,400 
21,800 

94,000 
124,204 
107,477 

Freight 10,000 6,000 16,000 

c. 
Publications 
Equipment & Supplies 

2,880 
192,349 

3,000 
60,000 

6,000 
79,800 

6,000 
58,500 

17,880 
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 62 183,400 62 185,900 227 633,500 
3. Network of field 

testing 
4. Inoculation 

-- 14 39,800 37 110,100 50 148,740 101 298,646 

methodology 40 93,250 26 74,600 30 88,000 17 52,050 113 307,90 
5. Legume N-contribution 

cropping systems 139 326,300 52 149,200 75 220,100 75 223,100 341 918,7J 
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 2,907,437 
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CC06i7 '-,IV -P 1/AA'U ' 7/f-rVTo 9 *7 
'.. PROJJ':(T X1hMkJ 

o 	 1N)itroLrn : V,".cor 
Factor for Food PvuducLio. 5iii 
Developed Countr.e.3 

A. Title 	 FJ :at by L',r'i irw a 

B. Duration : 	 Three years with possible extn;1oi i/ 

C. Estimated Cost : 	$900,000.00 for three years / 

D.. Prir.cipal.lnvestigators : 	 Dr. A.' Sheldon Whitney
 
Maui Agricultural Reoearch C tr
 
P. 0. Box 187, Kula, II!96790 
Phone: (808) 8'(8-1213 

Dr. Burton L. Koch
 
Department of Agronomy and Soil Science
 
Jniversity of Hawaii
 
3190 Maile Way, Room 300
 
Honolulu, HI 96822
 
Phone: (808) 910-.8419
 

E. Narrative: The recent p'ic/ increases for chemical nitrogen 
* 	 fertilizers has :trther restricted their u'_eILnes. 

for food production in many LDCs especiall b'y:nn]. 
farmuers. The most feasible al*,ezrnative N-src, is 
symbiotic N-fix,:ation by lejumus. Lgue. m,.si a].-Eo 
serve'an increasingly important role in p rovidJciig 
high-.protein food and feed in protein-deficient LDCs. 

Most of the research on N-fixation by leguines has been 
done J.n the tempe 'atc zone, but most: of the techniqaez 
arc app..icahl.e to tropical environncnts. T,pics.J 
Rhizobium research programs are in proi7rcss . LU a few 
centers including CIAT; 1ITA" Cunninh*.m LaIborator. 
and TownoviJ.le LabornLoo-y in Queensland; III ui: a 
few other sites in India; Rehovat, Ifracl; Uni-vursit.y 
of Nairobi; lud University of Hwaii; with .,nalLer 
programs at a few additional centers. Some. work is 
also irnvi5sloned for ICRISAT. 

Thii project is directed at One (if the more .l,:portt.Ft 
pbaLse3 O1 the work proposed to bo done bj Lh. "i'i.,c..ti
tionnl Plant Nutrition Inatitute 	recommendedi by the 

http:TownoviJ.le
http:900,000.00


II. RESEARCH PURPOME 

A. Purpose 


B. Objectives: 

-2-

Consultative Group.on International ArJculturai
 
Research for its upori:;orship. Therefore, the work
 
done uhder the project will be coordinated with that
 
undertaken by the inrternation:al institute when and if
 
it is formed to asoure that there is no duplic:ttiol
 
of effort. The success of the coordination or inte­
*gration of this project into the multinational insti­
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 M0.C when conisidering 
whether or iiot this project should be extended beyond 
the initial three years. 

This project is intended to enhance these programs and 
to enable additional LDXs to promote symbiotic N­
fiatUQn re earch and development programs. by aYL&in­
piling a world collection of Rhizobium strains reputed 
to form effective associations with legumes u.ider 
tropical conditions, b).characterizing many of thesc 
strains as to effective host range and tolerance to
 
adverse soil conditi ons andS,distributing superior strais
 
to agriculturists throughout the tropics, cX developing 
more aependable inoculation'inethods for use in the LDCs, 
d)-)developing cultural systemi which maximall- exploit 
the Rhizobi'im symbiosis as a source of N for food pro,uc 
tjoni and eyraining biologists from LDCs in 1%hizobit,1, 
research and production technology. 

AND 	 EXPTECTED PRODUCTS 

The proposed research and training program is directed
 
toward increasing food prodt'.tion in the tropical LOs
 
through greater exploitation of nitrogen fixation by
 
legumes. 

1. 	 From a comprehensive collecticn of Rhizobitim strainz 
select and characterize supe:-ior strain: adapted to 
tropical conditions for distribution to r'zear,:h ani 
inoculum-production units in the tropics. 

2. 	 Develop improved techniques and cultural syfte:ns fo. 
ensuring a) dependnble effective nodulation and 
h) maximum utilization or legume-fixed N. 

http:Group.on
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3. Train r'~carclers and iflocultjjl-prod1j(!erj in thi,
appropriaLe teclin iDuet and subj-cl mavt erapplied re aarch o ­and tecllology in RhJi.'obi-.m 
bac ter iology. 

III. RATIOALE 

A. Signiificance of the Problem: Prom ancient times, tile nitrogen.
required for the grow.ng of food and feed has beenobtained primar.ily fret. a) accretions from rainfall;
b) non-symbiotic u;-fixation, especially Azotobuter,Clostridium and blue-green algae; and most importantly,C s-ynb-iotic nlit cogfen fixation, primarily leume-IMhizobitim associations. These processes are modified

by practices which release N previously accumulatedin the organic matter pool, or recycle or move N fromone site to another (i.e. green-leaf manuring, appli­cation of animal and human excreta, composts, etc.). 

In very recent tLmes, the availability of inexpensivefossil fuels has made possible important additional sources of fixed N which have permitted tremendous
yie2ld increases in the technologically advanced coun­tries. However, chemical 1 fertilizers have usuallybeen relativelr eoensivc in the LTgs due to skhippingcosts, technological costs, and the low purhasingpower of small farmers. The recent price increases
in' fossil energy are giving rise to drastic increasesin the cost of chemical N fertilizers -. in some casesthe price has quadrupled- thus further limitingfeasibility of increasing food production by this 

the 
means.However, even if tropical farmers (and coun.tries) couldafford the now-costly N fertilizers, it 1ouldp). ,sically impossible to manufacture s', ff'icient 

be 
supplieswith low fertilizer price's lanulfacturers had not beeninvesting in new product ion facilities and are unable 

to meet current demand, _ 

At the same time, the supply of protein in 'he LDs(only 65%' of the I'FA recomnended intal:p in Southeast; Asi. E
continnes to lag far behind protein requirements. Mucrh of,this requirennt i'ill have to be met by J.ncreazes(_ produc­tion of ptulseZ and other' lcguitnious products. LeumCesmust a.so play a very imnportant role in increasingproduction of unijal protein which -is 

the 
even more dei'icle,lt

than plant protein. 

W. Garman of A.I.D. quoted in Forbes 113(5)29. March, 1974.FA0 Production Yearbook, 1971, Vo. 25 



Athouvgh the quality of legume protein is somewhat
inferior to animal protul for moo:a.tri(-; (more89 for the rat than the hmaun) mkny of the quat.i .atve.deficienctes distippUr whell sufficient protein if fedto m!wintatin the ind-ividtiuJ. in postive N balancel/.The key to improved nutrition thus lies largely in,theproduction of culiriarily acceptable pinnt pro)eirn' nd
animal proteins in sufficient quantity and at lowenough cost to stimulate increa.'ed cor -u~amp tion.a Sucljprogram must ulti:nmately fall back on offictent .lJe 7g),,1-Rhizobitur strains hich can fix carbon and efficientlyuse that carbohyIdrate to fix nitrogen. 

PQor nodulation and low efficiency of indigenousRhiobium strains is'a common limiting factor inincreasing the yields" of legumc3 in tropical DCs.This is particularly noticeable in standardized tests
--such as those conducted by LNSOY, in which low levelsof N-fixation have been noted in many cases. 

There are preoently very few traned 1,guine bacteriolo­gists in the tropics and sb-tropics,/ and this lackof personnel is perhaps the greatest limitation governingthe rate of progress which can be made in the area of
N-fixation by tropical leg hes. 
 This state of affairs
is due in great measure to a strong emphasis in recent
years on the use of N fertilizers Ln the ":'reen Revoluti.
and by agencies such as A.I.D. 

B. Relrtion to Existing Knowledge: 
been 

Although legumes have historically
a major source of rrotein in the tropics, most ofthe research in legume breedir and cultuzre has beendone 'in temperate climates. This is Particularly true,of.-research concerning the legame-IRnihzobi bio-,.Significant reoearch programs conccrnin- symbiotic N­fixation la the tropics and sub-tropics Are underwayin Australia (especially pasture leogwnes), Brazil,


India, IHawaii, Israel, Kenya, anld more recently in CIATin Colombia (especially with Pha;e-o1jn ), and 2I2A inNigeria (especially with cowpeasa. Smuler proGra-sare also underway in several other countrLes, and workon Cicer and CaJanus is anticipated at ICRIIAT. 

Relatively few collectio .13of Rhi obla are maintaiedkn the tropics, hovei r, anF7litl wvovk has bci:n
d-one on screening strains for adaptation to the variout 

2/ Kies, C. and 11. Fox, 1971, J. Food Sc. 36:9h14 Personal Commanication: M. Alexander, Cornell Univ. (Participant: UEP
Survey of Tropical Soil Microbiology Programs)
I/Allen, 0. E.N., !Ianatova and F. A. Skinner, 1973IB? World Cat'Llogue of Rhizobium Collections. 232 pp. 



strecs factorL colion to thl: tropic.., or in d,:v.U;|'?I 
teelviques wli.ch wou., ni ' i.e :he c 'tects of ;uch 
stress factors on &jl4)itc N ix:tt:iion. 

Soil fertiliy seric;.Ly/ %n]fruit,ntl].y' li.mi5t'symbiotic N fjixation. -' Mo:;; important "'are d,: 'ie l­

.eies of.P, S) and K,. which exert t;heir effect on 
fixation indirectly, by lPi itirg p:lant gr'owth. Mo re 
direct and probably of equal import.am, e i;1 thc hurnLd 
tropics, is the e.fect of' several p11-related factors -­

acidity itself, nluinnuM toxicity, mananese toxicity, 
calcium de iclency, and molybaenum de.Ciciencj. Research, 

minly on temperate l.eCurnes, indicate;3 that the main 
effects of acidity and calcium deficiency are. on the 
process of nodulition, tLhe main effect of al1uU.LlIn 

toxtcity is on plant gro.th, thc main effect of moly­
bdenum deficiency is on the N-fixLng process in the 
nodule, and that ni-toxicity can limit nodulation, 
fixation, and plant growth to almost equal degree. 
However, the relative importance of these different 
facets of soil acidity, and their relative influence 
on different aspects of the jymbiosis, differs from
 
soil and between species and varieties of plant. 

Tropical legumes as a group are often reputed to be 
more resist.ant to the adverse effects of so.i] acidity 
and less pho-phate demanaing than temperate legumes. 
However, the available evidence suggests that tropical
 
legumes, like temperate legumes, are diverse in their 
requirements.
 

Adequate correction of nutritional disorders by liming 
and fertilization is often difficult and costly in tae 
L]Xs. Many tropical soils have inordinately high re­
quirements for phosphate. Requi'ements for line may 
be large, so that liming costs rise sharply with remote­
ness from exploitable sources, especially whore transport 
facilities arc li:,fited. FLuthermore, liming to correct 
acidity may create or aCgraviate other nutritional dis­
orders (deficiencies of Zinc, boron, ald phosphate),
and this tendency appears to be most marked in ,;oils 
high in sesquioxides such as the oxisols and ultisols 
so important in agriculture in the humid ropics. 

6/ Munns, D. N. 1974), Mineral Nutrition and the Lic-,,ume Sybiosis. (A review) 
in Dinitrogen Fixation (R. W. Hlrdy, Ed.), Wiley & Sons. In Press 

http:import.am
http:seric;.Ly
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For all, the above .t14-'r;r , tht;-3 Ju:t;if .(tion for 
research which wLii" Lead to the selcc tion and ,I:; I. I.­
bution .of superior ;train: t)(' Ihi zob Itun wh..ch arc 
adapted to low-1.me, .llfert.le :;oiL; find to Clteaper
and more e.ective method:; of cOrrect!on, suli a: the 

USe of tol-ranIt ligumeL genotqjies, improved pellet bLg 
procedures, better tinitig and placeint of 50e0.,
inoculun and :fertilizer, etc. Similarly, there is 
need for research which will.peimit the oelect.ion of' 
legume-iL hi .:obAurn a:;oociations which are tolerant to 
other strc:;. coiidiions :such as high teiperatures, 
root exudates, gel coatings on soil particles, etc. 
The distribution and employment of robust strains of 
RhizobiiLm may lead to greatly increasted sybiotic N 
fixation in many areas where stress conditions presently 
limit legume production. 

The work in temperate climates and in Queensland,
Australia provides a firm basis for establishing a 
research program designed to enlJape symbiotic N-fixation 
in the tropics and sub-tropics..J The basic techni­
ques are well-defined, but additional workers must be 
trained and additional work -is needed to make superior
Rhizobiam c1ultures available to the agencier and 
producers who can benefit from them, and to devise 
improved cultural teclniques suitted condi.tiiolinto s 
the LDCs. 

IV. RSEAUCH LIKAOIES 

A.. Multinational: If, and when, the international plant nutrition 
institute is formed under CGAIR sponsorship, the 
closest ties between the research project and the 
institut.; will be .,ssential. The exact nature of 
these ties will depend on the project leaders and on 
the policies and personnel of the new i.nstitu. but 
both will be inf[iuenced by A.I.D. .If the institute 
becomes a coordina ing secretariat as some potential 
backers are sngcst;.K, this project wold fit neatly
into the prttetrn. If the institute bec.s: a frully
stuffed and origaini. ed research center, then the work 
on thi, project !:.ty either be turned over to thie new 
organization ov more iLkely the worl: on the project
WOUld be more narrovzly define:d and e Uort., ;ith.. the 
new limits inteni.Fied. The full dbm,,ion;n of Lit! 
problems and o*portt.m [ties in Lz,)b I,',-le[wrs, elhe ['U.ciency 
go well beyond th-e can:Aillity of the pi'uuied project 
or the largest probable scope or tile propo:;e, in;;t:tute. 

L/ J. It. Vincent. 19(0. .4 Maual for the Practical Study of Root Nodule Bacter" 
XBP Ilandbook No. 15. 115h pp.

8/ Uorris;, D. 0. 96. u ]hcteriplor-,. .in ;oie Concepts and l4etho,]:; i­
Sub-Tx'opicril Rez;,arch. CAJI bulletin o. l'[:93-I01. 

http:low-1.me
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B. Doiacutic: Tra ining pro#rams wi.I be closely coordinated wJ Lh 
Rhizobiuni bac teriolo,'v pro ,,ran,; a..t the lnlivritle.,
of Jiliforl.la .DLvi, .1:'Lda, Minnesota, Tex-s M'.1,
Iown State and Ohio Stnl,e, depeniding ol the :3necialty
for which tra.l-ing is ufxidid. Al.-o linka,,e will be 
mai italned wiLh the World FcdorAtion for CiLlturc 
Collec. ions, the 1CIME-WIJZ':CO Miceobiolorj Pro_, a.i and
MP Whroflghl Professor Martin Ilexaind, r of Con,1l
Universi ty. Closc linkage will be m.aitained with 
the 211(d) Tropical Soils Con,-ori'tim and the Bench 
Mark Soils Project, both of which are AID-funded 
projects domiciled in the Department of Agrono:ny
and Soil Science, Unive.riity of Hawaii. 

Certain aspects of the research on Rhizobitiri-soil 
chemistry interactions will be sub-contracted to 
the Department of Soils and Plant Nutrition of the
 
University of California - Davis, in order to enlist
 
the' expertise and research support of Professcr. 
D. N. Munns and C. C. Del.wiche. 

Research coordinition and supplemental funding for 
additional. related research activities will also be 
sought through the Hawaii Institute for Tropical 
Agriculture.
 

C. Foreign: Cooperative r,-lationships will be particularly sought
at the following cente s (or programs) in order to
providle broad mutual support for the collection, 
screening and field-testing of Rliizobi:iu strains and 
for evaluating cultural techniques.
 

AreaCenter Pr2Coun 
 Contac of ecializaton 

1. CIAT Colombia Dr. Peter Graha-n Phaseo-.s pp.2. IITA Nigeria Dr. A. Ayanoba ____ _­3. INTSOY H. Q. Ill. Dr. C. N. Hittle Soybean
4. IPMCS Brazil Dr. J, Bobereliner Soybean & others5. ICRISAT India Dr. R. Cumnings Cicer I Cajanus spp.6. AVRDC Taiwan Dr. R. Chandler Mang & Soybeans7. ung Tsing Nat'l, Univ. Taiwan Prof. M. Wu Soybean

8. Poona Biol-N-Fiy.?N 

Scheme India Dr. V. P. Bhide Peanut & otherc9. IARI 
 India 
 Dr. N. S. Subba Soil & Rhlizophere
 

Rao Stress Factors
10. Gadja Mada Univ. 
 Indonesia 
 Dr. Jutono Soybean & others'
11. Rotharnstad Expt. S-a. England Dr. P. J. Dart Cicer & others
12. CSIR0-CunninhIiain Lb. 
 Australia Dr. 1. A. Date Tropical Forage
 

13. Legume sAES-UPR Puerto Rico Dr. G. Spain 
 Vegetable legumcs
 

http:Jiliforl.la
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V. PL%.N TO FACILITATE tr iL1zATIOI OF IWMSULTS 

An annotated '.atalog'ue will be produced which will describe the Rhizi 1,. 
strains in the comprehensive collection, and this will be di.:.tribuNcd [t.­
agencies and workers throughout the tropics. As screcning and sclection 
proceeds, the catalo,-ue will be updated at intervals to pervilt reearchers 
and 	 inoculum producers to oclect the strains best suited for local use. 
Strains of Rhizobin listed will be supplied to any appropriute agency upon 
requC3t. 

In cooper.ation with the centers, TAB, and the 'regional bureaus, popular-type 
reports and bulletins will be prepared. In addition, rusearch results will 
be published in journals having wide distribution in the tropics, and 
scientists will be encouraged to make presentations at meetings at~ended by 
tropical biologists, agronomists, and agricultural administrators.
 

Trainees and graduate research assistants will be recruited from agencies
 
which are directly involved in upgrading crop production in the LDCs, either
 
through applied research or extension-support programs (such as seed or
 
inoculum production and distribution.) Upon return !o their posts, these
 
people will be expected to incorporate the results produced by this project
 
(such as selected Rhizobiun strains and improved inoculation techniqies)
 
into their own programs. Consultation will be provided as needed to assist
 
in the upgrading of current programs or in establishing new programs directed
 
toward increasing N-fixation by legumes.
 

Additional utilization of results can be expected through cooperativu programs 
with the research oiganizations listed in the previous section.
 

VI. MANAGEMENT OPERATIONS
 

A. Facilities: The University of Hawaii is prepared to commit space 
laboratory, office arnd a glasshouse to this project. 
In addition, field testing can be conducted at any of 
the over 20 research sites maintained by the Hawaii 
Agricultural Experiment Station, per;.itting the sampling 
of a wide range of soils (including the i.:qortant 
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 more often as appropriate. Critdia for evaluation 
may 	include the following:
 

1. Research 

a. 	 Rhizobium collection to represent a very broad base of 
gerinplasn from t1roughout the tropicis. 

b. 	Screening program to identify RhIz0binin strain: wh[,h 
have:
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(1) 	 superior eff'iclency--each major pulse and nome 
forae-type legwunes. 

(2) 	 .high levels or tolerance to high soi A]. and Mn,
'low soil Ca and Mo, high soil temperature, eind 
other stress factors.
 

0. 	 .Field. tes.tinG to involve at least four sites by eid of 
second year and to include the major pullses and N-source
legumes adapzed to the region represented by each site. 

2. 	 Trainin,
 

a. 
Calibre of graduate research assistants and trainees
 
recruited.
 

b. 
Increase in understanding of microbiological and agronomic

principles, and improvement in appropriate skills by R. A.'s
 
and trainees.
 

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

3. 	 Utilization 

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

b. Acceptance bj 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 	Hawaii Agricultural Experiment Station ha, an
 
extensive background in the areas of tropical crops

and 	 soils. Of particular relevance is the expectize
represented in the management of tropical soLls 'hi'4h 
are 	often acid and have a high 	P-fixlng crtpucltj.
There Is also considerable competence in the area of
tropical legume cultur---particularly forag'(le:,.ines
and vegetable leg)umne!3. An active pr.ogram of :;oLI 
microbiolorgy is also under'way with research focuoing 
on soil p1 effects on legume N fixation ao well as 
other topics.
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A listing of the staiff of the Dcpart.nenit oL' Atroiorryand Poil Science is iii:let :j Attach:eint A. 

Resenrch site. are ylarl.ear-ro n d for fieldtesting of ic-une arid 	 :;Oil x Rh!:tejiin tet iolunder u wmc range o-1 :;oil ad ,OiIa cotiL I.;.Daylen]th Ufffcts Wot greatly f'oin 
di-

do diU''e the 
conditions prevailing i:1Inost tropical L1XI;: al
important fuctor in crOps assuch soybeans. 

Hawaii also enjoys a good exchange of infor:;Iatiol
and 	personucl with many tropical areas--part !cularlyin Asia and the Pacific-due its 	"cros;"road;s" locationand 	 thd large nunber of graduates ,o.L'king in the tropics. 

VII. RESEARCH lESIGN AND 	 IEEhODS 

A. Plan of Work 

EXPECTED MOIWTO 
START--
 .....
 E
 

1. 	 Survey existing work on N-fLxation by 0 8tropical legumes and on tropical Rhizobia 
by means of questionnaires and visits toresearch centers and inernational ccnfer­
ences. .rite veview of work in progress. 

2. 	 Recruit graduate research azsistints. 0 6Conclude working agreements with tropical
research centers for Rhizobia and legume­
nodule collection and-fr o-n-site field 
trials. 

3. 	 E'nploy the internationally known cons ultaIts 4 5for 2-4 week periods to assist in developing
effic ient training and research procedures, 
syllabi, etc. 

4. 	 Collect strains of Rhizobi:a both from 0 Contiquou3
existing collecion. and isolatesnew fronodtles, whi,-h reputedare to form effectiveassociations with tropical legumes in thetropic*. Estatblish a conputerized catalogu­
ing 	sys teij. 



5. 	 Graduate training: Two research fellow., 6 36 

6. 	 Test library strains of Rhizobla for host 6 24 
range us ing selected legumes in the grqo.a­
house.
 

7. 	 Screen selected strains of Rhizobia for
 
tolerance to:
 

a. 	 18high 	soil temperatures (laboratory, 9 

greenhouse)
 

b. 	high levels of Al and Mn (greenhouse, 9 30' 
field) 

c. low 	levels of Ca and Mo (greenhouse, 9 30 
field)
 

8. 	Circulate first annotated catalogue of the 
 12
 
tropical Phizobium collection. 

9. 	 Employ two internationally-known cohsult- 12 14 
ants to review the program, assist in the 
training program, and to recommend program 
improvements. 

10. 	 Conduct first 6-week training program for 12 13 
six trainees from LDCs. 

.11. 	Convene an international conference in 
 13 14 
Hawaii on the topic of litrogen Iixation 
by Tropical Legumes. 

12.' 	Conduct second 6-week training program 14 
 16
 
for six trainees.
 

.13. Graduate training: Two additional graduate 12 
 36
 
R. A.'s.
 

14. 	 On-site field trials at Cooperating 15 36 
Institutions 

15. 	 Studies of inoculation technique3 and 15 36
 
techniques for extending culture life. 

16. 	 Studies on utilizing legumes as a source 18 36 
of N 	for non-leguminous crops. 

17. 	 Conduct third and foutith 6-week training 33 36 
programs for .6 trainees each session. 
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B." Proc'dur...--ia,2,h O)jective 

COOle r) ot' tronical.-.: ,: Jfh±::ob ltr:tr):. 

.a,, S rev the of Rlitzobi~in re:;,archrot;t2:3 bei:4-e:-en;.y
conducted 6, L'he 01 on, le. j,::. ,obitin a.3socia­
~torr i:Ll)o t''tlt to , ,. 

This survey will be carried ouit by meas of both quesrion­nair.es and visits to research centers. At the same timeliaisons and cooperative working arrangements will beestablished with worikers in the tropics. Such arrangementswil be especially sought with the centers and programs
detailed in Section IV. 

A status repoL will be prepared in the first year o serieas a guideline for developing detail.ed testing and t)-rining
plans. 

b. Esta.blish a com)rehensive collection ("Ban---kJ f Rhizobiumstrains r.eLLntoform sinmbioti, associations WLbh tropica 

Tills collection will be based on bacterta obt,.inPd fro,, tvTOgeneral sources. InitiaLlly cultures will be solicited fromexisting collections wibh emphasis on Rhizobium of the cowpea­type as well as those which are specific -fo Te major pulsesand N-source legmes coninon to the tropics. This foundationwill then be extended by isolating strains from legume nodulessupplied by cooperating w.;rkers throughout the tropics.Bacteria isolated from such nodules will be tested againstPhaseolus lathvroide3 (due to its unusual proinisfcuity) orthe host frow which the nodules were collected. The nresenceof nodules, no matter how slight, confirms that bacteriaas a Rhi' obi'uxi. Standar:.- procedures w-Ull be u.ed in theisolation and maintenance of Rhizobi.un strains f_%nolbut t;hese will be modified as needed for .special siti'at.orc:.For exam"ple, where fresfh nodiles are obtainabl.e, 3pecialprecations will be neces:sary to assure the isolation ofthe desired Mi.hsobi.ini froin old or destzicate1 nodules in thepresence of ru;:irous contamilnanUL--includi-ng secondary
Mr~zobitri strains. 

http:Rhizobi.un
http:detail.ed


- 13 -


Pr e.liqninrry as'ent vIlL:oof ie- raI of a pLarLi.ctlarRhizob ml1jto uodula'u:-; :spe,' Ll'ic l.e r, [1d of h ­, 
oi' h . :f, mbiosis W,.fix nitjftol u wi .l, b. e.C tlatui", r. t 
on agrtr slopes or in modii!ied "Leoal," ,-jLr:'; in the greeon­

hous, uing spucial pruchtoVls te 1".)vellb cross cojlU tiina­
tion by air-borile or droplct-bonte }ij.',.... 

The effectiveness of R1hiobiun strains for sytibiotic N­fixation will be ast.:ssd iaibially by det"u,-iining the N
yield of the inoculated plunb. Once the correlations
betwe.i plalit yield and total nitrogen have been establishedfor dj.fferent legnxne species and environment.al conditio(o3,
the dry weight method of evaluation is exnected to be
adequate for further greenhouse and field studJ.es. 

All Rhizobim strains found beto effective in fixing Nwith one or more legues, or reputed to be efiectiv elsvher,2Will be cata.logued and maintained in long-term storaege.
Storage proceducres will be based on freeze drying (lyop}lyli.zation) or a similar method to provide for minimal .utation
in storage yet easy accessibilit, for further testing or
distribution to workers elsewhere in the tropics. 

d. Ch.r.ct- .iz scLectad .uires with K2hizbbimtore~s,c 
en ironnen tL.re q ui.:e.injs.". 

A broad sPectbrmu of lihizobiLm strains from the collection
described.above wix-ll eece Uo represent the more
efficient strajis for each of the major tropical pulses andN-soirce legumes. It is estimated that 13-255 of the
collected slrairs will be chosen for testLgg 

The sele-ted strains will be ch.racterized as to their
tolerance to the following stress factors which are
 
commonplace i the tropics:
 

~I high le-vels of soil Al aid Mn
lo2 levels of ,;oil Ca tand Mo
 
high soil temiperat Lkus
 

As time permits the selected strairns will aLlso be tested
for ability to ,rodui.lo and fix I in the pl'es.:ce of soilNO3 wid for tolerance to high oz;otie presslure. 

http:rodui.lo
http:studJ.es
http:environment.al
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Lnital-ly, some of Lhe rapid screening trias will. beCOnduted :in tile grucnilou;C*. VetjifieationeI, a .1JLVintensive te(sttng of spcije rWIL 
Will also be 

fc and ilteraci,)o)conducted in the f:i:2.d .tari.nj ";hrtlytheeafrt:r. Growth chamber expT rimen s will bedefine in un;e,1 tomore detail, the effec*:- oL' factors Wdich argovne!a; or modified by aerial ei,Ivirulra1lib. 
The continuous .uuctioui type of des,!pn / rp3j..snic specialadvantages as the basis of a screening programsuited unnd isto both field anto greenhouse st.idies. Tiie procedareis to establish r.eplicate blocks i each of which there isa continuois gradi.ent in the ,cxneri.iiental variable,as soil p11, temperatLure, or nutrient level. 

such 
Precise com­parison of any number 

is 
of legme and/or Rhi-obium genotypesthen readily done by a;ligning then side by side Llongthe gradient. One such trial on a high-Miiis presently showing soil in I[awaiiresponse to a lime gradient,a differential tolerance of soybean 

including
varieties to Mn-toxicityand a differential response betweeri lines of Leucaanaleucocth..a to overlimmg, as well as severa-rgJ-­differences in response to lime levels between gei-era and

species.
 

For the preliminary screening 
of ihi:obium strains in theC.reenhouse a scaled down modificabioo
I'unctioa field trial wil: 

-f the continuous 
be enmloyed, Soil i-erperatareeffects will also be studied using the continuous functiondesign in connection with a large temperature-gradient bar. 

In addition, .:cntrolled greenhouse expe,.iments wvtll beconducted as neoded to clarify particular issues,the effects of l.fferent aspects such as
of soil acidity. Conven­tional statistical designs and cultu-'e-solution methods .;illbe used for these kinds of experiments. 

Fiell-tcsting at se' -eral sites will be .nitiated in.raedia elyupon conclas-on of the first screening trialshouse, ud will be used 
in the green­

to verify t he gree nhoulto evaluate dat, andthe influence of various :':actors under thecomplex ecological conditions
these tests, of the field. For ;,riij ofthe continuous function design will be e(.-ployed,and the results plott~edgain-,; the variable(o) beingevaluated. flegression l;echunique sdetection of will then1 perm it thesignificant dift'erences unon(g response curves. 

21 Fox, R. L. 1973. Agron. J. 65:454 
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Re.;por:es in moot of the field C' i' L,,1,'n1Iwill be tefiii 
of r,LdvL:Uoin terinj ace bylile tonapatctty)of the L'rmla , .ileoi 

a.- wel as by pleit yiel&. For ecrtt ti c Lt t.l,I. .oIji, 
acetylene redlction by irit;-ct root :oyute';u will al.jo be 
mcasured.
 

On the baoJ. of these trialIs, profil-s of each test.l Li 
will be developed, zoing effectie host runge, N-'rixlig 
efficiency in a,;sociation wUth :;pzific leg.uics, tole.m-.ince 
to a raige of stress factors, etc. This 1ill provide a basis 
for selecting superior strains for specific !eg.unLes an-d 
specific enriroirnents. - These strains will be sent to cooperilt­
ing institutions as soon a:3 ('easible for additional field 
tests uider a range of conditious representing most of the 
tropics. 

The profiles will be catalogued on conputer tape to per.it 
perisdic updating -id easy retriev-al. The updated rsitlts 
will be published at regular intervals as an aumotat!d cata­
logue, using of.fset p-rIating of computer-printed tables, and 
distributed to workers throughoat the ti'opics. 

2. 	 Develop i o%'oved cultu-al ur'actices to enhance nodulation and 
utilization of lerume-fixed II. 

a. 	 Identify and refine inoculation pLrocedures sItitUd to the 
poor storage conditions and legume-establishment stresses 
encountered on sm.L farms in the tropics. 

A variety of procedures for storing inocula and inoculated 
seed, and for pre-plant inoculation, will be compared with 
st:.ndard procedures. ,,hasis wil be placed on pelleting-.
and tableting of seeds with inoculam plus other substaaces 
which would be expected to i) increase storage life, 

.2) pro--ect the inoculun against competing organisms or 
toxic chemicals. 3) supply needed nutrients, and/or 
4) stimulate infection of root hairs. The use of readily 
available material (sutch aS milk, blood, common byproducts, 
etc. and siiple or standard-itei erluipznent will be given 
priority. 

The 	 Itial te t... of inocnilaint, and inoctilation procedures 
wi be condticted ir the greenhouse usin, a rcuige of leg.u.me 
hosts, soil:;, md cn%'ironmcntal conditions. The most 
pronising rmaterials and tecaniques -viU then be tested in 
field trials at several locatio:; in Hawaii and at partici­
putiig institutions. Tcst;,; will be conducted at different 
seasons to farther evaluate the suitability of the test 
procedures over a wide. range of' co,,ition-s. Recovery of the 
RhizobiLum. strains used for inlocUlUting the. legamea will be 
ssessed through scro typiiig procedures. 

http:leg.u.me
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Ii. Uc.velop improved legame-cultl. ;yvteml t) nrmll, u.,.IClegtmne N-fixation for food production. 

Both perenni.rl and nnua]. l,: I/hieh c'l very "Ii :,­cittes for carbon (.ad nritxtttoe) £iex't*Li, -ire 'lei-g;to marinal soi- ruid ware,; condlttotio, wLll be evaluate1as source; of 11 for rion-legLan.eS. IniLtally, sju',rbby lclgurejsuch a:; ],eucnena 1. jconenelaI'al Lo .:Lybe conoarcdlegumes 71b1c-"..oliohuG l.hlan or JavmilcL) Bothinterplanting and catch cropif-" 
Dl;vc~ne

ysteinis ad cobfDJi_:t;ri1.,of the two will be evaluated in htams of i) N-yield, 2) Iirecoverable in the non-la-me, ad 3) timing of N release
in relation to N deniand of ie non-legu..ne. 

A. Mhizobium strains for troDical legumes and their 11-fixing er ectivne:s. 

The IBP World Catalogue of Rhizobiut.i Collections1973) (Alien ad MIUiatova,lists collections of Rlhizobium in thu following tropical couLtries:Brazil (2 collections with 11
with 34, 13, 

and 16 strains), India (4 collectioa66 and i64 strainso), Papua/New Guirca (16uTanzania (14 strains) and the U.A.R. (2 
st rains),

collections, 5 anl 53 3trains)Undoubtcd.y there are soau other ti,'oice collections whi'h1 wet,: notlisted and some of the temperate-coontry r.ollections (e.g.,C.S.I.R.O. collection at CLuningham Laborator.-, Queensland 
the 

and theRothamstad collectipn) conLain bacteria which are effective ontropical legumes. Reltively new collections now exist at CLUT and
IITA also. 

However, it ij clear that the collection
ger:iplasm and maJinteance of TZiizo}orimin the tropics is at a very low level of activity, andthe production of inoculn for use by producers is the exceptiou

to the rule.
 

A large body of literature i.dicates the great variat.ion in N-fixingeffectiveness which 
a specific 

exists canong Rhizobiam strains in associationwith lost legume, and illu:;trates the large increases inN-yields tiat can be obtained by selection of superior Rhizob>'_,astrains (e.g. Norris, 1964). A great dihal of work on sele'iiol ofstrains suited for tropical fora-je legu:,es was done by the D... R. 0.Norris of the C.S.I.R.O. CwUin ing;1a Laboratory in Queennland andhis col-lection has undergirded rauch of the increased ulilizal.Aonof pasttre legmes tha'oughout the tropics. 

http:non-legu..ne
http:rion-legLan.eS
http:perenni.rl
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So1'e of LThe 'Ls and .lel'mn!nond oI .edl Ihih nre 1,port.ui in 

the .,pi:. are ,al..o .I..dely usP.d i i l;,",;ipet'at. coiluI,rtes. rt.r'jiln:or e tI ii'z': . a]{hibi h:h.. i ej iti,'. t -d fo.' hese e anai 

IU.8.A. ud lEu'n Tit '..;-; hiiViIpe. ;tri.ln.; % 19 - 11,:I bo:ll : ., 
holifv'-r, nee,] Lo le evaluated a:j to tlieUl uti.,.btlity fot Ltu.:ejiotypc:; in USe 1.:the ropie.s and fot' t ropi.,a.l .3o1 aid enilvr'il­:nc ~s.NA±., t,hej rc psest scattered among liuero,.; co.l-.1otio,:.,
nak:ing coinpaiourlo. ainong :3U',ains,' and the asse:mbly of strain:; 'orfield testiig quite dillieult fot' Lie average tr:!opical re. earcher. 

B. Tolerance of Ri'h:i.: oitlm sl;rain:s to and lowacid soLls nutrient levels. 

Mul,:- (1974) has re\,ie.icl the ]iLerature concerning the effect; ofsol, acidity and. nt:c lent levels on the legsye-Rhizobin ryibiosis,,and the maii cojiclusio:rr were presented in Section. II-B. A numberof have repor t;d ;uccess in selecting strails of Rhizobiumwhich ar, tolerant 1o acid c:onditi.ons (e.g. with soybeans; Francoand Dobcrc-.cr, 1971; iitn Leucaenaand leucoc i)hal1-i Norris, 1973).However, much additioual work is needed to identify strains si1.itedfor more of the major bropical legunes, and to define such boleriancesin terms o-"' levels of A,., Mn, Ca, and Mo, so that superior sbrains 
can be reco nmended for ;?wide range of condi.tions. 

In many cases, the effects' of acidity and low Ca and Mo level, canbe over'coKle by pOlleting procedures vhich create a favorable zonearound the sced for Rhizobgum ih and infection. However theinteraction of'hi" -"st.tain.s with pelleting procedures have
received little study in the case of tropica Tegunies, exciptpellet-pH[ efficts oi so..le species (summarized by Horris. 

for 
1966) andlimited work with foragse-type legulies (e.g. Norris, 1971). Additionof.small quantities of Mo to the pellet has ben benefici-al for peas (Iswaran. Rao and Sen, 1971) and this tec!mique iiay, be usef-iJ 

for other .egurls as well. 

C. To.ler-uce of Rhiobit1 , strains to soilphysical stresses. 

1. Teinperai;:ure 

Soil te[perjture frequertly limits the activity and pers!;;tence
of ]hi:,obla in the tropics since snrival. of many .3trfins ofR .J)iz=4 Iba.g-g tly reduced t )IOC (Bowen .1Kennedy, IV))
There i;, however, a wide variat Lo-i rmong :;trains vitbh r-..a3evt 
to high temprat.ire t.le.race (Gus:-, & Dobe"'-iner, 1972), and
the eff,.cts of high tem)per.,ratjLNes can be overcome by practices
which f.avor hig-h popdlations, of the introduced rhl:'..,biu',, -,,haS polletingz (Souto v Doberl.iner, 19'(0; .rockwell & Phillips, 1970). 

http:Dobcrc-.cr
http:1,port.ui


2. 00"-0Kt.tL Pref.-;:llree 

Tie C11ecLs of oloture SLrc s and Uia].l-. t(.y appe.uLobu e(Spreni;, 3.97,2a & b, .;.i: 1 !J..urald Subba Rao et. aL. 1972)i j inh )ited by both in thi.i .,tW' Att,-oLL' e 'tres:; and 1l.i11.,. N-'.tb" ejt -ailhejnod,.ttes 
salinijy, 

Lj also deres:;ed by moio',.,. o.but .1u*i Lly recovurs whnc the 
,"e 

wlc!; the stress i; ,lieve..-­st.r-,sO i:; sufficient to. cause 3luging ofSelection the rzoiCtl.of jtrains which are 'eStrrlt to salinity .l-rej3been reported has 
may be a useful 

for Sesbania ca9abia (fharduaj, l9'"?), 'Uld ih­meuus of selecting stainswhich for othe-, leutrxPelletingare grown on saline or droughty soLl3 inhas also proved bc'ieficiaj. *for Phazeolu:;the trunics.aiixu-; iii a 
saline soja (Chhoni:a, IS'.arin, Jauliri, 197---).thst such stress operates mainly 

ec-r t e e t 
on norulationthe inldicnteomain effect may be that more ofon the infectivity the root hairthan on the Rhi:,obiu . 

D. Procerbires for ion.
 

As mentioned 
 in the preceding section, pelletingincreased of legume seedsthe nodulation and N-yields of variousunder a variaty leguiminous speciesof stress conditions, inciadingsoil temperature, acid soils, highdry or saline soil, and.Mo-deficient soils.Pelleting also improves the storage characteristics of inoculated
seed, permitting seed to be sown several weeks after inoctlation. 
The pellet usually incorporates a layer of inoculum mixedsticker next to with athe seed, and then coatedfinely-ground lime, rock 

with one more layer ofphosphate
1971). Tile choice 

or calcium silicate (Pluc1nett.of coating material depends on.he.her 
 the
Rhizobium strain is acid producing or alkaline producing (Norris, 

E. _etyumes N-sourceas an for N-1ees.
 

Tle literature 
on green-manuring and green-leaf manuringespecially i.3 exte:'ive,from India and Indonesia
Interccoppin g of legumnes 

(Calma and Whitney, 1960 !t & b).and non-legumes
in India and 

has been exterl:lively P:.'ejelsewhere, but critical studics of this pract-i.-Tropical pasture-type ar,! few.legume-grass mixturesmuch more productive have been shown '.o bethan gr'ases aloneSherman, 1967) with the 
(e.g. Whitn&y, Kranei.lj.ro and 

300 potns 
legume component contributing in exces: ofof N/A/yr. to the mixtire. Tr.tnsferto grass was low, of U.fromi legtmehowever, ( 1hitucy and Kaneliro,that incorporation 1967), indizatin'oC tile vcgetative portion of theby letuncgreen manuring or by tramplini, in pasture--) iould be 

( '' 
release of necesmiry forsufficicnt N to
Interplanti[g 

support vigorous growth by _a non-.:'tof several legumes with corn has been 
e. 

"Agboola rc-ported bytnd Fayemi (1970, 1972).
no Corn yields wtere quite lownitrogen fe1tilizer twas wielapplied, except i the ease of iAt::r-rop 
Phsolu. .'u... Tliere here no residual effect; of tae legunrix-fixed 

http:Kranei.lj.ro
http:00"-0Kt.tL
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N 1.1 t!o N4.3.1 (tie Portion.; but potpott:o.*o , a vo~ed),
teat-;' indi.a.LA a Lin,L. ±'cAidual ?1 ei'.'mt of 'iuout 30 kq; N/hi. 

The use of r'LLt- , ijv, :h2UL:by .egutnxi s nn N-s o non-.leguumes hu be,,, pijoirobcd heavily in India, ii:g pri.-'u'ily
Sesbanin ,)Tp. Tiese. undoubLely vCe a si. miicant coatribuLon
wherr 1n,ivcly used. RccriUi.eL .o..; of LunioWna' leicozenhMia.. 
W.hi~eh tire cxrlx'-v Vigr01OLn3 and ftust ,;rowin'- cebk PunE0and Gonz lez, l9'f2) .'rovidh an attracti.:e altel."rat.*Ae since yields
of up Uo 40 tans pc r acre of. green foline corjtaiinji about 700powidls of vi nve been rieo7'ded, md eve, higher yields are pos;ible.
Intercroppin. systems ,dsing this legiume as an N-3ource are presently
being studied in Hawaii. 

There is a clear pptential for the increased use of legumes solelyas an N-source. ]Iowevez,, systens using this approach require
a) i:i$-h-yieldLrig legumes, and b) so4 co,,oromises r,-gnxdin-g the
utilization of water or solar radiation inputi for crop production.
Researnct is hbhus needed to build the -reatest possible efficiencyillto leguiie/non-legnme systems in order to minimize these compromises
and thereby maximize yields. 

http:RccriUi.eL
http:indi.a.LA
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:Tx . _ .^.r . 

ltrl~to en FixatIOiI by Inotuuj as a Major

Fac ro.fol" Food Productio!l .n
 

Lv-: Duvalopt.1 Couirie±
 
EWteiise Cate-ory
 

O 'Year
 

Fir; t Secod Third 
Salarles $ 74,000 $135,000 $165, 000 

(n-on-ths) (72). (150) (150) 
Consultants 
 3,800 2, 0O 0 
Fringe Benefits 14,ooo 31,000

(2o 'of,Slaries) 33,000 
Overhea1a3.,I. 

T16 
of Srlaries) 34, '2,261 T76,923 

Travel and Transportation 17,620 25,130 29,790 
All.owai.ces (Trainees') 0 9,600 12,200 

Other Direcb oots 
 32,500 22,800 6,1oo 
Equit~nenb, Vehicles and Supplies 56, 400 18,900 15,800
 

Traini 1ig(Stf 0 0 0 
Subcontract.s 20,500 20,'900 21, oo 

Annal To -as $253,319 $357,991 $360,213
 

•'5 

I.', 



.. ......... 

\ ~ ;a 

' O e' a a a h. ' 4 . ;oa 

ae a 

Oil b6 a 
a ~ ­ l a ~.. , 4aL 

__ a; ae- )l ,z 

n, 

and 1f~o' how bil6 ,-s4jd fial 
uoe' .'aa"~ aaa-' a~ 

-- TAAw t iiicwi 3pIOtpy ii-lfv )b el uo 
Hawaiia prop, 9, ' 

C. AIt.a Z- faropaar - o th -eick 

4aaa aio Onllbhe bsi o' ofer8vj the 
!la-' , fo imQaaaaa 

ra ili o 

.3-a 'be 0't~aaater organsmsa 


and Col e Lr' a ii. 
 Liona~ of1, -6 
'aa ~ a~~. wachh-ctLltvv0n1 1 4 Qfr -an aaa-- a-)U L L * ~l s (1,,4aale J O~7- J O U i ' ~ ~ . a'aa'a-' ' -~ 

'P a a-a' A - -. - e~~.a~~aaa~ 
'a~ ~ ~ ~ ~ L' taa 1a.. 6fa L)~ uO ~~~te 1 ~ ~ ~ ,-aaT.a~ ,,aaaaaa a aXnpS~ b oaa-~- a.-saaaoiaaa~a q a a a ~ - ' 4a a 1. -11a'a-~a.a. a a-a uP a < aa ' a - ~. . aa a' ' ' aI aaP a a a a V a-wa 4a 

)a.a'aaar 
a' am, * 'I 4'l.Lf*le- sa 

i-ofa 
Od-a- a-0'~a'
 

4- aa aa a. a- l aaa~ J 0 
'-''a 

Haw
"~ a a41aa' ra " c.a-,~a4aa DO"Da-a 


a 
4~~~a-aa~~~aaa,~r - 0 thaa ar je p-a-1.a 

----------------------1:3 ~ 4dt%*I aooI-a a- %' aa - aaa-,Q e v d IT ,lyTi!! "lL-"S 

Jul 6-94 

a-~ ~ ~ asSt't.azLao,Vlr 
-

aa4aac'.~eC a-a a* .. L fOC *, ,
Sa~a, .4a-aa'a-'lot­

a-a) " ' - 1aa-' taaa~--a-t,,a~~~ a-~a ~~~ a' j-'a~-.,' 

2.a'-aA 

1.ol 



5. Concern o¢"- tihe es t!:,1"., ,:qI Ipmn:ah :Ot ; exsrds-;e,.IPur'L,:, ji:;t;.ficat!o1 wit! be-ee.:,... 

6. olositshould be placud oi crop:,; -n t)h: tr'adhional :.Lr,c h
cycle, especiaVly food ')p" rate: tha.i pas I; -. :iid ?:j,'". -. 
Crops that hnvc been id'.Tficd .or e:arly conti.ierAi ar. 
lict.-d ia At c" t C 

T. 	 Te o.31;imnted cost in nthe proposal is probablj in exz. offutid:; av-illable to A.I.D. 

8. Th6. ,:L.tion:hip to the propo; P-. GT p'ojec" oil "Vorld RJh. ;..):u.
Col.lection aulj SLdy :eo.:;T;o beCenrtr cl]arifled. If both 
werc: alproved, ther: coaLdl be some duplication of ef.or!;. 

The 	 project wa pr.seuted to the RIU34J for review oa AugtSl; 15,
whein it (1 in iajor 	

1974
ussed i.na,depth. T'- couceL'.1 waz en t in. he 

deve].opmenb of newi projects in.soils m.id plant nutrition " 
appr.r-d to be serious.possibilities of dipllcatLoon of e:for atud.
in-iffiient use of A.I.D. rcaorcs. 	 aFol~o.iing Uivoly excha.-,ne
the following motion was passed unanimously:. 

RIGC recommends that this research propo-l be appromed fcr 
fo,,a.rding to PdAC on tne pr:aises (1) . ra,earcntilewill be firgily coordinate d with, and to the extent 

o.'­
possible,

fulily' inteo,..-Vt. wit Lhe opr i.o.s oC the international 
plant nutrition institute, when and if the institite is
for;ned; 	 (2) that the RVgioniJ. Burealu: of A.I.D. will be

cnlted in t.is regard at the appropriate time: and(3) 	that appro~'iat, langtm:.e be hnserted in the p*roject 
statement lor RIG' appruv..l. 

The 	 amendments to the project statement have bcn made in accordance
";ith the conditions of the RIGC approval aria have been clcarei with
each 	of the Regional Bureaus. Close liaisoo witl the p:incipl
investigators will be maintained to as ture that the project i';
fully responsive to the needs of the field prograi. 

As pointed out under internal re\view, the budizet is som:enq.wha!; higher
than the funds avail.able and further 'harpening of the work plan
will be necessary when the 	final coatract i.:' ne,,o.tiated. Th"i.swotlld bc desirable in any caze since the Dnlan ,"ll... pre.;cunted
e:xceed. the capa-bility of the limited staff unless the project 
were to be continued to infinity. 

. fccommctIIation 

Followin, revi:!w of the subject matter of tile .. earch, :;rek. morc"
effective use of tile legumne-lRui:obJun :ynmblo:;Is, nrud tho. ;pol1.11crescarch proposal, this 	project is stlon ly',ec uoc,-,ld I;y 'P!A/A(;I
to the R.4 for ,'pproval. 
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Crop PhrsiDJOgY, Pl.Lnt! UMigrt.ol
Dtanne P. Bar', IoloneW 

Tlr-e PinVI.0o1'YRichardI. ock 
Root Crop Production, Crop PhjsioloY7

Ramon de *laPena 	 Soil Manage':., Phy ;icsPaul C. E1crn, Jr. 


Saiir El-SiVy Soil Phy,;iA :,3, Irrization

Robert L, Fox 	 "Soil FerWi.lity, Crop Management
 

]erbicides,. Soil PhysicsRichard E. Green 
laruyc ;hi I:m.a Soil Mineralofyv 

Soil Mineralogy, CharaterizatLonRollin C. Jones 

Soil C3hc'nisti'j, Fert.ilityYoshincri Kanehiro 
Soil MicrobiologyBurton Koch 

Dennis Yjatouyama 	 Research Assoc %be 
Soil ManagementWade W. McCall 


Donald Plalc.netb 	 Crop Management, Weed Control 

Plant Breeding, Cytogenetics
Peter P. Rotar 

Wallade G. Sanford 	 Plant Nutrition, Phjsi. o
 

Soil Fertiliy, So' Cheiistry
Jamtes A. Silva 
Soil Genesis & ClassificationLeslie D. Sindale 


Yusuf N. Tamini SolL Fe:.ctlity, Forest Soils
 
Crop. Product-ion
John R. Tlompson 
Soil Physics, MineraloZJ, Water Science 

Goro Ucha'a 
Plant Breeding
Uzio Urata Soil TesltingRoger T. .Watau~e 


Legume Ecology

A. Sheldn Whitney 	 Pasture Manage ment, 
Ronald Yolel~Resear;h As;oz iate
 

PlaIt Nutrition, Chem4.stvy
Yip young"ong 
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T'7 ._Trooical Soil and Water Management
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- . P=: '. avs '.V 

D! 

Prepare scope of work for team evaluatioi L.R. Freder14 Mar.31, 198C
and review in July, 1980 to make recom­
mendationg regarding the extension of th4
 
project through 1984.
 

12. 
 Prepare proposal for extension of project J.Halliday
until 1984. 
 1 U.Hawaii 
 Aug.31, 1980
 
;3. Team evaluation of project 
 L.R.Fredericki Jul.31, 198C
 
4. 
PIO/T -final increment of funding for 
 L.R.Frederick! Mar. 20, 198
current approved contract
 

Lloyd R. Frederick 
 Keit Byergo
 

Clearance: 
 DS/AGR, MMozynski
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FROMMAN CENTRIALLY TI__-____o lc I y bFUNDED Fl [eLPJACt ~anaers _ .L xFr d l cL R. F ederick Attleimest
Atcv~ ATITLE ""-Fixation SymbiotictmmuX 93t-0613 IE FUNDS AgricultureiW£0 G113;-~ Proposed Obligation IP'poaedWR; &g. II Life of s
931-0613 L_T!Oos~ 4*.qJ Init. Proposed]Obliz. AFT 1983
Itoiral ev. & lutrtitio FT 1981 Ob.lia. Eat. final PrOpose 984g$500 rroject. itimOl lg.F 6 [t FlA C.hs-att_FT 
 finl O_ 
.2952 1975 , 'm .i e -let ,eper PP rT 1980 
 per YP F? 1961 
[Ditto of Lost 
Intensive lEvolustlont 2177
 

fURPOS 
 Increase food production by use of tropical legumes. 
 Build and
teat a collection of rhizobla effective on tropical legumes. 
IAJIuR OUTPUTS
 

Train Junior
scientists to work with rhizobia and biological nitrogen fixaticn (Lif). 
 Thru?Tl9.Te
learn how to utilize DHF In cropping systems. To build a network of 1.ir of -rejectscientists to test 1. Culture collection 600
rhlzobla locally, exchange cultures and Information on 1000
 
miow to help farmers. 2. Training LDC Junior scientists 35
 

3. Selecting superior strains 
 -
BACKGROIJiD AND PROGRESS TO ATS: 4.University of Uawail Scientist netvork for field tests N/A
has built a labors- 20 coustriestory, greenhouse and field testing facility for study of rhizobia. 

5. Inoculation methodology

Collec-
tion of rhizobia 6. Legioe N - cropping syatemnow numbers about 600 for tropical legumes. Agronowic work 
 7. Technical publications
to devise wayu to Incorporate BNF and legumes Into economic cropping system 

3
has beg,n. 
Four training courses completod ­ 24 students, staff positions
filled. LD, FINANCED INPUTSg
Workshop to plan international trials held. FY81
 

F000
 
INJSTCOIAURYANDOTIER D 
 OR; Cooperative field trials in countries still Salaries 


Training 200
to be determined. 30
 
Scientific Network 
 30
 

!PEIFICIAEIESI Directly - scientists vorking with DNF and tropical legumes. 
Travel 


20
As knowledge and capability Increases. to develop systems to benefit farmers 
Operations 


200
 
who utilize 117t through legumes $50"In their cropping systems. India and others
which become part of International research network (not yet determined) at
approx. $500.O0/yr./country. 

) 
TECINICAL OFFICE SUPPORT (in person months):

1979 1.25 
 - 0.25fy D i.5--
LPA Consult. MSRA Total
IM181 VOCFg 
Continue all activities outlined (above), especially inter-
national network of BHF researchers. 1980 1.5 1.0 2.5
1981 1.5 
 1.0 2.5 

Obligations (1000) 
 Expenditures ($000) 
 (1000) Fundln8 rerid 
 Pnlquldated
rincipal Contrectmr or Agencie
trough September 30, 1970 a
 
1038 __ Contract
-....... um-er
IIXXXXM. gXgxxxA;1
 

730____________XXXXroooe-99- o..T ~e-ty-------69 _7JXXxxxxxxxxxxx 
Priorfund to.. ___,-_____ -
 56 --o•_______ )YA Uiversity of well 0 

-
I~~ru~poeedI Futuer.--- 2 I O Oslga -o -- 4_-- tXXXXXXX.xxx (AID/ti-c-1207)
- s 




PROJECT "VALUATION SUMMARY (PES) - PART I Re..nsye.i U."7O.oJICT TITLE 
2.POJICT NUM8ER 3. MIIhION/AIO/W OFFICE 

-FIXATION-SYMMIOTIC, Tropical Legumes 
94-o613.11 Ds/AGE
4.EVALUATION 
NUMSER (Enter %e nmber Maintain", ty the 

rellsrting unit e.g.. Country or AIO/VWAmnavji.e
Ploa Year, Serial No. bqlnn ng with No,1 each PY) 

EIOUILAA -VALUATIONNEY "ROJECT IMPLEMENTATION OATES 
C SPECIAL EVALUATION

I. ESTIMATED PROJECT9;m a. Final 17. PERIOO COVERO IIV EVALUATIONC..Finai FUNDING""O-o Obligation Input Fr'om (menOi,"/r.) T/T8A. Toal s Tom (mnth/yr. 1/78

y-5PY20- DeliveryTo_____
PY81_
JTLo 

. U.S s2,929.066 [ (on/n.t )xpe_d.=etaof Evaluation Jan...12-20, 1979 
8. ACTION DECISIONS APPROVED aY MISSION OR AIDiW OFFICE DIRECTOR 

A. List eciion andl/or unrebolved Iues; cite t aotItema needing further study(NOTE: Mluon eclslon U. NAME OFwhich anticipate AID/W or regional office action should 
w ectty OFFICERI OATM ACTION
type of documen, .g., aIrgram, SPAR, PIOwhlch will present detaild request.) FOR ACTION . COM T ED 

Continue project as planned, with minor adjustments Frederick-DS/A P 6/81
as mutually ggreed by Project Officer and Project 
 Whitney U. Haw ii
 
Leader.
 

Next evaluation by review team accompanied by Frederick-DS/A .r 8/80

Project Officer.
 

*NVENTORY OF OCCUMENTS TO BE REVISED PER ABOVE DECISIONS 10. ALTERNATIVE DECISIONS ON FUTUREeNIA OF PROJECT 
L..;, RoperNetwork Other (Specify)CPI 

A. Continue Project Without Change 
Financil Pla E P IOfT _ _ _. Change Project DsJgn an/lcr 
Lo"gical F rxrmewar 7 PIO/C -- ll { .¢ f)C .I .Is |ea ,, o ,Ir
~ .-....glci -~meor~..Other fSpecify) u.iChange ImpolemenTation Pla 

". Project Agreement D PIOP EC. Discontinue Project 

q,.E--'z CR AND mOST COUNT RY OP 'R RANKING R.AFITICIPANTSAs A PO RO PR IA T E tNam e an tiT~tle sj ,ig L12. Mission/AIDAV Office Director A:Pravaiatu e-Dr. Lcyd Frederick:nS/AGR ./ S. Dte7 , S I--, t ,-W74: 

mary Mozy.sk , DS/AG R : \ Dat e j t 
 Y.7?J P MA IM 

L -r.DeanPet~erson DS/AGP 



:Prepare. scope of w~ork fo 
 tear 
 ~dr,'~~
i4_n July, 1980 to make 'reco Mr31m9I men~d 'tins ,regardin "'the exensio~n of' th
r dJect through~19
 

until ~ ~ o eerso ± pojec J "a11±day Aug-31, -ilq'4 
p43 . H~Jawai ij3- eam~evaluation Of'project 

14' i I JuJ?23J2 98 ;PaT-~
~y4 liceetof'funding fto' 
 .L.R,.Frederick 
 Mar; ,20,498Scurren 
 t approved contract
 

I , f I 7 E ;: 
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41179) DEPARTMENT OF STATE Copeatn oure 	 /qeoI I 
( AGENCY FOR 	 DS Bureau Pae I of'~~3INTERNATIONAL DEVELOPMENTr -2.PIO/T No. 66dQZ 	 'Orr .lIlr" 

PIONT PROJECT IMPLEMENTATION _,,31-0613 A 2 ~ 4. P1.1tActivltVNo. and Title m-13.1, 
ORDER/TECHNICAL

SERVICES 
 N.-Fixation Symbiotic - Hawaii 
DISTRIIUTION 
 S. Apgropriatlon Symbol .6. Allotment Symbol and Charge
-7P-110101 
 O41 _0
-6-q-0-20-OI


7. Obligation Statu" 
a Adminletrative Reservation ' 	 8. Project0 Assistance Completion Date00 n .,DyYr.)d_ rveC1 
 Implementing Document 
 /30 8
1i
 9. 	Authorized Agient -10. This PIO/T Is In full conformance with PRO/AG 
AID!W 
 "_'-
 Dte NAle.Type of Action and Governing AID Handbook 11b.ContractJGrant/PASA/RSSA 

Reference NumberAID Contract C] PASA/RSSA 	 (If thls Is an(Hi] 14) (HO Q AID Grant 0 Other12),.414""" ""AID/ta-c-1207HO 13)	 Amendment) 

12. 	Estimated Financing (A detailed budget In support of column (2) Is attached as attachment no. 

(I) Previous Total (2)Increase (3)Decrease (4)Total to Dote 

S Maimum $742,548 
 - $742,54a
AID 

Financing . U.S.-Owncj 

Local Currency 
13. MI1 4 

s. InstructlonstoAuthorlzedAgant
Raferenc totaling 	$742 54 

This provides fina inc nta fufor the third 
 ear of the three year extensior
of contract AIDta-c-1207 with t 
 University of Hawaii. The
budget
:. 	 s included herein (see attachment 1). The scope of work,
total e:itimated cost. 
estimated term and all other conditions
 
of the contract remain the same.
 
Articitea 
 # Voucher Identification. 
 In each instance of voucher
(SFI034) suomisslon1 male oy hne contractor for payment hereunder
the following identification data will appear 
on the face of the
Contract: AiD/ta-c-1207
The u c h e r : cevo 	 ' ... J
 

• ' IProject 
 : 931-061311"
 

Office: DS/AGR/TSWM -LoFrta!,sicP. -


14b. Address of Voucher Paying Office
 

Office of Financial Management

Agency for International Development, Washingtoff, D.C. 
 20523
 

ISC.;ar.n. -_1nclud*typedI nafne, office smrboltelephone number and date for all clearances.
A. The project officer certifieshat the specifications Phone No.In arq_1echn 	 B. The statement of work lies wlthin-th purview Date:cally ad u - of the Initiating and approved agency programs 

WM:SEngb g at W DS/AGR:R ' "(""Dt,3etSAGR/TS1 
 D. Funds for the services roquacted areavailable 

7777-7=-7C 
E.DSIP,_t:!MechcigJ. 

Date
D3,'PO:A.'"ilver 

Dt j4A 
16. For the cooperating country: The terms and conditions set forth hereinare hereby igreed to 17. For the Agency for International Development 

SIgnatur,. Date - Signature Mh DS/
Do -
Title Title Mr. Kenneth MilOw, DS70/ 

C 
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Prolect Review
 

Agriculture
 

Nitrogen Fixation by Legumes as a Major Factor for 

Food Production in Less Developed Countries --

University of Hawaii.
 

Dr. M. L. Vettarson, Chairman of the Sucormcnittee consisting of 
Dre. Heady and Whitney, simm iize- thi.r report as follows. 

(1) Does tne 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 energy and fertilizer. It is a
 
problem of Vorldwide importance includinc thL U.S., but more Fo 
in countries withmiut natilral gas resource!; and finances to -irchasE 
fertilizeis manufactured elsewhere. 

(2) Does the University of Hawaii provide the appropriate combin­
ation of resources to attack the problem? Hawail has the interest, 
the senior professional staff, and the climate and soils for year

around production of tropical legumes. However, the problem of
 
adaptability 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 out]inei.
 

(3) Is 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 Internationai Plant
 
Nutrition Institute, s1nce nutrition problems are site specific, there
 
would appear to be no reason for contlict or duplication unless the
 
new institute undertakes research that duplicates this project. 
Applied problems must 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 probably 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 6oals eould not be achieved in the 3 years; 
objectives should be nore narrowly defined. There are four approaches
 



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 elforts were con­
centrated on the major grain legumes and oil crops.
 

Outreach and training programs: Bringing trainees to Hawaii appears
 
adequate, but the field testing has not been well described. It is
 
ruggested that the-, seek collaborators at the outset who are willing
 
ard capable of grow:ng selected legutes inoculated with available
 
st:ains of Rhi.obia to gain field data sitaultaneou!ly with thu work 
at Ha'aii.
 

Budget Ccnsiderations: There is 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
 
cooprators. The two princil le investigators devoting 25% of their 
time cannot itanage a $900,000 program in thitee ycars. 

Dr. Heady pointed out that unrici tropical c.nd:iti , ; ony a snW311 
percentage of the nitrogen fi,;cd by legunes wag; availablv to the 
following crops which indicates that this is less a fixation 
problem and more a problem of the planned utilization by crop
 
rotation and management.
 

Dr. W.,iitney indicated his agr ement with the above report with an 
additional focus on the two problem areas which delimit the problem. 
(1) Identification and isolation oi efficient Nitrogen fixing scrains
 
of Rhizobia with eraphasi.s 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 need for a soil
 
chemist-physiologist to work out the distribu,'ion 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
 
e-pertive at Hawaii is adequate. There are too many fringe objec­
tives, and some need to be tritmned.
 

Dr. Schweigert asked about the site-specific parameter implications.
 
Dr. Whitney indicated that each site for the proof-testing should
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PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUNDS
 

PART II
 

ENTITY: TA/Bureau 

PROJECT: N-Fixation Symbiotic - Hawaii
 

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 $883,090 to $959,000.
 

Curtis Farrar
 
Assistant Administrator
 
for Technical Assistance
 

Date t e? 7Z 

Clearances: 
TA/AGR/SWM:JMalcolm I 

-L,/AGR/SWM: DPet -oilu 
TA, AGR:GBaird .4 ---­
TA/AGR:Lles se _ 7 
TA/RES:bIRechcigl ).?
TA/PPU: RS imp son_-- _ 
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PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT OF FUfDS 

PART II 

ENTITYs DS/Bureau 

PROJECT: N-Fixation Symbiotic - Hawaii
 

PROJECT NUMBER. 931-0613.1 

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

2. 	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.
 

3. 
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. 

4. 
The 	contract for this three-ycar extension will be negotiated non­
competitively with Hawaii based on predominant capability (Justi­
ficdtion Memo enclosed herein)
 

Snder Levin 
Assistant Administrator for
 

Development Support
 

Date: _5 

References:
 
1. 	Research Project Statement; "Maximizing Symbiotic Fixation
 

of Nitrogen by Grain and Forage Legumes in the 
Tropics" (attached)
2. 	Minutes of RAC Meeting - March 30, 1978 
3. 	 Minutes of R & DC Meeting - January 17, 1978 

Clearances:
DS/AGR/SWM; LFredericl-44rDate hkW 7 

DS/AGR/SWM; DPetersor- l Datef' 2"
 
DS/AGR:Fw ll a . msL, Daate-

DS/AGR:MMozynski , --Date IV/f?&
 
DS/AGR:LHesser Date'
 
DS/RES:MRechcig1 Dte1-Q7/7/
DS/PO;PSimpson 4 Daete/I 
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UNITED STATES GOVERNMENT AF-AA4 yar
Memorandum 

TO :See Distribution DATE: April 5, 1976 

FROM 	 TA/RES, Miloslav Rechc 

SUBJECT: 	 RAG Recommendations on Proposals
 
Reviewed at March 22-23# 
1976 Meeting
 

Attached for your information and appropriate follow-up is a sumnary

of the recommendations of the Research Advisory Committee on project

proposals reviewed at the March meeting.
 

Distribution;
 

AA/TA., C. Farrar 

K. Levick
 
M. Belcher 

E. Long 

S. Butterfield 

T. Brown 

M. Kilgour 

T. Arndt 


TA/PPU, C. Fritz 
J. Gunning 

C. Molfetto 
R. Mills 

E. McLeod 

M. Mozynski 

J. Ryan 

P. HoffmanH. Vaitaitis 

TA/PPU/EUI, D. Myren 


TA/AGR, L. Hesser 

G. Baird 

R. HolmesG. Beck 
N. Konnerup 
L. Frederick 
T. Gill 
D. Plucknett 
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J. Hoxeng
 

W. Charleson
 
B. Wilder
 

TA/H, L. Howard
 
E. Smith
 
J. Stockard
 
J. Karam
 
L. Cowper
 

TA/N, S. KahnI. 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 
GC, 
 A. R. Richstein
 
SER/IT, J. Kovach
SER/ENGR, 


J. Rixse
 
SER/CM/COD, R.J. O'Brien 
FFP/POD, P. Sheehan 
PPC/DPRE, A. Handly 
PHA/POP, D. Mutchler
 
O/LAB, S. Moody
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F-upport research by key research workers to find new and better ways to deliv-]

er Rhizobia inoculant preparations to LDCs.
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SUM4ARY OF RAG RECOMMENDATIONS TO A.I.D. 
PROPOSALS REVIEWED AT THE MARCH 22-23, 1976 MEETING 

1. 
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 the be to(a) research delimited 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 RAG 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 subcommittee 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.
 

2. Fortification of Sugar and Iron: 
 Field 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 RAG and the peer reviewers. This revised proposal is to be reviewed
 
by mambers of the RAC subcomittee. 
If the revised proposal is acceptable
 
to 
the RAG subcommittee it may be immediately implemented; if major 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.
 

*RC review subcommittee; chairman underscored 
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3. 	Crop Production and Land Potential of Benchmark Soils of Latin
 
America (Augmentation) - University of Puerto Rico. Duration of
 
project, 	3 years; initirted January 1, 1975 at estimated cost
 

jl,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 estimated cost $1,182,252. 
Estimated additional cost $180,000. Whitney, Heady, D. Peterson, 
H. Peterson.
 

Recomendation: 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. 

4. 	 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. R ,
 
Montgomery) D. Peterson, Tanter.
 

Recomendation: That Phase I of the project be funded for one year
 
to complete the first or coordination phase during which (a) 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 coimon framework. 
The joint work plan, suggested methodology, data evaluation and work 
calendar serving as the framework and basis for the implementation 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 possibilities developed are promising and RAC's evluation 
is positive, the project should be amended to continue for the tuo 
remaining years. 

5. 	Development and Testing Nethodologies and Instruments for Evaluating
 
Community Education Programs (New) - Tuskegee Institute. Duration of 
project, 3 years; estimated cost, $446,677. Montgomery, Wittnebert, 
Anderson, Tanter.
 

Recomrmendation: That the proposal be funded as requested and A reviewq 
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 andtsed; (b) specific 



functions in sectors of community action be identified for analysis;(c) 	 procedures be established and appropriate steps taken involvingcollaborative 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.
 
6. 	Research to Reduce or Eliminate Mutagenic Effects from a Promising
New Antischistosomal Drug (New) 
-
Johns Hopkins University. Duration
of project, 2 years; estimated cost, $254,333. 
 Carter, Adams, Merrill,


Schweigert.
 

Recommendation: 
 That the project be approved at $254,333 for 2 years.
The suggested component of research with non-human prir-ates is desirableand 	may be considered as a separate proposal.
 

7. 	 Sporozoite-Induced Imrmunity in MalariaSimian (Expansion) - New YorkUniversity. Estimated additional cost, $259,836. 
Wishik, Carter,

Merrill, Schweigert.
 

Recormendation: That the proposal be approved as requested to includeboth sporozoite work and adjuvant research with a shift in emphasis to 
the 	forme.
 

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

8. 	 In-Vitro Production of Plasmodium falcioarum Antigens (Expansion) -University of Hawaii. Duration of project, 2 years; initiatedJuly 1, 1975 at estimated-cost $100,435. 
Estimated additional cost,
$39,000. Wishik, Carter, Merrill, Schweigert.
 

Recommendation: 
 That the project be expanded to include a biochemical 
component as requested.
 

9. 
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.
 

Reconmendation: That the requested extension be ap roved at a lowerlevel of funding. RAC further recommends careful review and 	continued
monitoring of each subproject and the deletion of certain of the tasks
if they do not appear to be leading to equipment of major clinical
 
importance.
 

Note: 
 The suggested lower level of funding .;as not specified, as it
was recognized that this would be determined by the activities
 
recom mended in the motion., 
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10. 	 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.
 

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

Recom-mendation: 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 GC and PHA/POP have
 
been resolved concerning the alleged conflict of project activities
 
with 	the Agency Policy on Abortion.
 

12. 	Alternative Local Organization Strategies for Involving the Rural
 
Poor in Development and Approaches to AID Lrrplementation of these 
Strategies (New) - Development Alternatives, Inc. Duration of project, 
30 months; estimated cost: $363,000. Tanter) Anderson, Montgomery, 
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 $3752000; 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 among indicators; (4)
 
reformulate "'ypotheses" as "if.., then..." statements; (5) increase 

° staff time pei case and decrease numbers of cases; and (6) explore 
feasibility of applying decision analysis to prescription of guidelines.
 



August 1, 1977 

ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR FOR TECHNICAL
 
ASSISTANCE
 

FROM: 
 TA/AGR, Leon F. HesserAX,..
 

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 Ehe RAC at an
estimated 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 projecs 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 taken into consideration
during the negotiating process, the rate of inflationi, 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"
($39,865) 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 itemq 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
 
auitional fund are 
not forthcoming. 
This will greatly reduce
prcject efficleztcy s:nce the research and training staff would then
have to devote 3ome of their time to routine operations generally
performed by the students. 
Other line items with significant short­ages are "Subcontracts" 
($6,684), "Travel" ($4,650) and "Participant
Cost" ($4,317). In spite of Hawaii's efforts to keep costs down by
such actions as deferred hiring, delaying the acquisition of one
vehicle ind 
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 is 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:JMalcofm---i_ 7/"72 
TA/AGR/SWM:DPetersoni" ili2 
TA/AGR:GBaar r/4d 
TA/RES:MRechcigljQj Ijfi/7 
TA/PPU:RSimpson K 9 4 ili 



ACTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR FOR DEVELOPMENT SUPPORT 

THRU: DS/PO, RobeXI 4 on 

FROM: DS/AGR, Leon F. Hesserid , 

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

University of Hawaii.
 

Background: This project extensionill continue the productive research
on symbiotic nitrogen fixation conducted by Hawaii during the past three
years. 
 Research on biological nitrogen fixation is a relatively new
area of AID emphasis which 	began in 1975 as an outgrowth of the highcost of petroleum produced nitrogen fertilizers generated by the world­wide 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 worldwideresearch, and to develop 	 for further a formal network of LDCefforts to 	 scientists for cooperativetest Rhizobium strains and inoculation methodology under 	local
LDC conditions.
 
Recommendation: 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: LFrederic1Date 3_g2'
DS/AGR/SWMDPeterson 
 DateI-, 	 3/71DS/AGR:FWilliams Date 0//DS/AGR;MMozynski aDate /' 

DS/RES:MRechcigl ti(-(, Date4 
i
 

DS/AGR/SWM: SEngerg: 3Apr78 



OPTION PONO0 1 
PA&V IN =ToNPi{ eloeme 

UNITED STATES GOVERNMENT 

Memorandum
 
TO 	 TA/AGR, J. Malcol DATE: November 23, 1977
 

FROM 	 TA/RES, Miloslav Rechcigl 

SUBJECT: 	 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 of 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 
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.
 

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
 

u-,00.,idtB - "'lif f R eg lrly on the PayrollSavings Plan 
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UNITED STATES GOVERNM\ENT 

Memorandum 
o : TA/AGR, J. Malcol DATE: November 23, 1977
 

RO.: TA/REs, Miloslav Rechcigl
 

JBJECT: Research Proposal Entitled "Maximizing Sy iotic 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 of an international service center rather
 
than on research.
 

2. 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.
 

: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 
t:he term"NifTAL Project". This acronym should be defined to.
 
avoid confusion.
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January 20, 1972 

GUIDELINES FOR PREPARATION 

OF THE
 

RESEARCH ANNUAL REPORT 

The attached guidelines suggest the

format and the dc'ail for annual 
research
 
reports that are required in all research
 
contracts. 
The iesearch contractor will sub­mf- thirty-five (opies of the report with
 
appendices to the A.I.D. Project Manager.

The A.I.D. Project Manager will submi. 
two

copies to TA/RUR and two copies to the A.I.D.
 
Reference Center.
 

The outline should prove uscful 
to the
 
contractor in preparing the report, and

provide an improved baslh 
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. annexed
 as necessary for a comprehensive 'eport.

The fifteen page report is intend,,d to
 
provide a barebotes statement 
of i.he effec­
tiveness of reseirch resources anti rrthods 
in producing research results acciordiaig to 
annual work plans, and the significance of
these research results for the solution of 
the ptoblem being addressed. Ann'cxed material
Is estential for a critical review of 
asser­
tions regarding'firJings, significance, etc.
 



REPORT S%1MARY I/ 

A, I. Project Title and Contract Numbert
 

2. Principal Investigator, Contractor and Mailing Address:
 

3. Contract Period (aslamended): 2/ from to
 

4. Period covered by Report: from to
 

5. Total A.I.D. funding of contract to date:
 

6. Total expenditures and obligations through previous contract year: 3/
 

7. Total expenditures and obligations for currenL year: 3/
 

8. Estimated expenditures for next contract year:
 

B. Narrative Summary of Accomplishments and Utilization
 

(In this space provide a concise
 
stbte!nent of the principal accomplishments
 
during (1) the period of the report and
 
(2) life of the project in relation to
 
research objectives .nd actual or potential
 
operational signific.nce.
 

This information doe:i not substitute for
 
a full discussion of the same points
 
required in the body of the Annual Research
 
Report as outlined below.)
 



/ "Report Suniary": Statistical Information (Item A) and the
Narrative S,,mmary of Acconplishments (Item B) should be
reported on a sitgle pace. 
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.
 

2/ Item 3 -
Contract Period (as 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 items refer to expenditures including
firm obligations by the contractor. 
Obligations are the
contractor's legal but unpaid commitments, i.e., subcontracts,
purchase orders, etc.; 
and other related accruals through
the end of the reporting period. 
A "contract year" is 
one
between anniversary dates of the contract.
 



AIIVUAL RESEARCH f1t3T 

A. General Background 

Prepare a 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 addressed, and the rationale that
 
links the research activity to the problem.
 

B. Statement of Project Objectives as Stated in 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 th 
 contract may have been interpreted

expanded or 
further defined in other documents and mutually

agreed to by A.I.D. and the contractor. This section should
 
reflect the contractual objectives as modified by these
 
supplementary understandings.
 

C. Continued Relevance of Objectives
 

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

D. Accomplishments to Date
 

I. Findings: Provide a statement of the principal and
 
significant findings and other accomplishments for the reporting

period as they relate to th, anticipated results In the year's
work plan. (See material for the year similar to that requested

in G.1. below for the coming year.)
 

Discuss the operational significance of the findings of the
 
current year's research for attainment 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 research developing information and insights not expe:ted

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.
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3. 'Research DealRn$ 
Stoat' 
briefly any significant modilications
made in the research design prior to the current reportl,,g period.
 

Are the present techniques, instruments or mode of Lquiry
appropriate and/or optimal for the study design? 
 In viev. of the
findings of the rast year or your experience with the ret.earchmeasures employed, do you recommend modifying (1) the researchdesign or (2) research techniques? For vxanple, have there been
special probla,,i of data availability, sampling, data processing,
or -eifective techniques? 
H.,ve research findings revealed
technical relacionshirs chat suggest 
a continuation of present

methods or 
do they suggst a ,hew approach?
 

E. Dissemination and Utilizition of Research Results
 

1. Briefly describe efforts made under the contract to disseminate
the results of the research project. Attach as appendices two lists:
(I) a bibliographic list and .inabstract 
noc exceeding 200 words of
 papers and publications developed under the contract and (2) 
a
lst of short statements that identify each known use of materials
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? 
 If s.3,
discuss the experience and as appropriate includc proposed steps
in the work plait (Item C below). Indicate whether your proposals
can be carried out under current provisions of the contract$ or
would require new 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
involvement 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 fuiure should be reflected in the work plan in

Item G (4) 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 evidence of the
results being utilized by LDC or U.S. people or 
 flstItutions.
 

F. 
St.atemnt of Expenditures and Obliations and Contractor Resources
 

Provide a statement of expenditures and obligations related to
the budget plan for thu year. 
This statement should show expenditure
and obligttions for each of 
the (I) major Inputs (Personnel, equipmunt.
trAvelr OtC.) according 
to (2) the major accomplishments or work
targets that had beeti 
 planned fr the year's work.
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Identify signifIcant problems or accomplishments In the progress
of the project related to the volume, effectiveness, or scheduling
of the manpower, equipment, travel, etc., 
made available by these
 
expenditures.
 

Discuss significant changes or modifications in project manage­ment, in the staffing pattern, physical fdciLities, institutional
 
environment, etc.
 

G. 	Work Plan and Budget fort cast for Congtn Year
 

Taking into consideration the past year's progress and expendi-"
tures and the work remaining to be done over thc 
life of the project,

present a work plan and budget for 
the 	coining year.
 

1. 	anticipated accomplishmenta'for' the coirdng'yoar.
 

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 plan for dissemination and utilization of the
 
expected results of the research In the U.S. and in
 
LDCs as applicable.
 

5. 	a budget statemrent that shows planned expenditures

for each of the major inputs (personnel, equipment,

travel# LUC inv'olvmento ezc.) a4ordint to the
major accopli:Ahments, work itartetsor 	 that are 
planned for thv co;ning year's work.
 

H. 	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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UNIVERSITY OF HAWAII ?Jjbe 
Coilg of TropiWa Agricultue

NMfTAL Prnjet 

November 9, 1977 3p
 

Dr. John L. Malcolm
 
TA/OA/W 
agency for International Development


Dtpartment 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 ("MIaximizing Symbiotic FLation of Nitrogen by Grainand Forage Legumes in the Tropics") for an additional three years. 
 We
will appreciate your assistance in arranging for the necessary reviews

and documentation.
 

would like to address four ooints 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
of preparing the necessary documentation preparatory to
publishing a Rhizobium catalogue in cooperation with the World
Data Center for MMicroorganisms, 
a U.N.-sponsored program at
the University of Queensland, Australia. 
This catalogue will
include all the strains 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-aneously

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
a conserative schedule for involving LDC cooperators 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 in the first year,
followed by regional workshops as quickly as 
arrangements
can reasonably be made. 
This aspect of the work will also
 

P.0.Bo-- &Ls,wad U.S..A.
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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 training
 
programs, visits to LDC centers, 
and correspondence--all
 
in preparation for the field-testing program.
 

3. 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, etc. devoted to working with the four graduate

research assistants plus individuals who come to Nif7AL for
 
intern-type training. 
 We have had an excellent ,xcerience,
 
for example, with an intern from Japan who was 
supported
 
by the East-4est Center Food Institute and coiftributzd
 
greatly to the NifTAL research program. We would like to
 
involve 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.
 

4. 	Value of Superior Strains: The question here is whether 
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 
axe grown in the tropics include soybean, chickpea, lentils,
and faba bean. Other legumes which are intermediate in 
specificity respond less frequently. These would include 
conmon 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 of this strain for
 
subsequent crops. A less-than excellent strain which
 
persists in the soil will make further improvement 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 NifrTAL strains 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 Whit ey
 

Project Director/Principal Investigator
 

ASW: kyz
 

cc: B. B. Bohlool
 
W. U. Sanford
 

Endorsement
 
" //
 

Philip He rich, Aisociate Dean,
Research
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cole of Tropical Agriculture 
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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:
 

I 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.
 

Sincerel yours,
 

"Endorsements:
 
A. Sheldon Khitney
 
Project Director
 

ASW:kyz
 

cc: W. G. Sanford 
P. P. Rotar, Chairman, Department of

Agronomy & Soil Science 
B. B. Bohlool 
P. P. Rotar, 
Ruddy Wong 

.. rtick, Dean College of Trop Ag. 

0 
ice o esearch inistration
 

P.0. Box"" Na, Hawaii U.S.A.
 
An Equal Opportity Employer
 

96779
 



Supplementary Budget Request
 

Contract AID/ta-C-1207
 

Statistical 

1. Title of-Project: Maximizing Symbiotic Fixation of 
Nitrogen by Grain and Forage Legumes 
in the Tropics (NifTAL Project) 

2. Principal Investigators: A. S. Whitney, W. G. Sanford, B. B. Bohlool 

3. Contractor: 'University of Hawaii 

4. Contractor's Address: c/o Office of Research Administration 
Honolulu, Hawaii 96822 

S. Address of Project Office: P. O. Box '0' 
Paia, Maui, Hawaii 96779 

6. Contract Period: June 1, 1975 to May 31, 1978 

7. Contract Amount: $882,799 for 3 years 

8. Additional Amount Roquostod: $76,.108 for the third year 



.At'
Calculations
 

Line Items Expenses: Actual plus Estimated 
 Current Requested
 

Salaries & Wages 

Fringe Benefits 

Consultants 

Overhead 

Travel & Transportation

Publications 

Equipment & Supplies

Vehicles (Lease)

Particiant Costs 

Su, zontriict 


1st 2years 

185,830 

31,590 

5,800* 


55,190 

28,050 


380 

153,965 

6,968 


28,877 

51,945 


548,595 


3rd year 
184,220 
31,317 
5,000 

55,634 
23,140 
2,500 

52,000 
4,132 

19,000 
33,369 

Total 
370,050 
62,907
10,800 

110,824 
S1,190 
2,880 

205,965 
11,100 
47,877 
85,314 

Contract 
Funding 
349,428 
62,898
11,040** 

103,853 
46,540 
9,000 

166,100 
11,750 
43,560 

_78,630 

Additional 
fu-ding 
20,622 

9
(240) 

6,971 
4,650 
(6,120) 
39,865 

(650) 
4,317 
6,684 

410,312 958,907 882,799 76,108 
*Excluding consultant travel
**Includes authorized transfer from salaries (3,000), fringe benefits (540)

and overhead (1300)..
 

Actual & Estimated: 1st 2 years
Estimated: 3rd year 

Professional 

41 
42 

Nonprofessional* 

98 
90 

*Excluding graduate research assistants and 
other student help. 

Basis of indirect cost calculations: 
 Approx.
 
Man months 
 Percentage of
Per Month Salary & Wages
A) Employees assigned at Manoa campus 


46.20
(student help and graduate assistants) 
 2
 

B) Employees assigned on Maui:
 
a) Time assigned to research (including
graduate assistants) 7

b) Time assigned to training (e.g.
 

34.13
 

training courses, graduate students,
etc.) 

5 
 19.88
 

(Overall weighted average: 30.8%)
 



Narrative Justification
 

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

2. Fringe Benefits: Calculated as for salaries.
 
3. Consultants: 
 We were able to obtain excellent consultants at rather
minimum levels of compensation and thus did not exceed anticipated


expenditures.
 

4. Overhead: Calculated as for salaries.
 

S. Travel and Transportation: 
 Since 1974, international and local air fares
's' increased by ,LA;:t30%. Also, the standard rate of per diem for overseas
travel increased )y 3310. 
 This has been compensated for by a reduction intravel and by. cost sharing (IITA, and EW Center). However, the project is nowmoving into a stage where greater coordination of testing efforts withresearchers throughout the tropics is essential, and addit-inal travel funds

will be needed.
 

6. Publications: 
 Although costs have increased significantly, funds from the
workshop contract (ta-C-1267) were used to publish the workshop proceedings,

reducing the level of expenditures in this category.
 

7. Equipment and Supplies: 
 The contract proposal was prepared inApril/May of
1974, before the very extreme increase iin 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 aoubled since 1974. 
 Many other items have also more than
doubled in price. 
 One the average the supplies we purchase cost approximately
35% more than the sane 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.
 

8. Vehicles (lease): Only modest increases in vehicle lease rates were
encountered, and it
was possible to offset this by delaying acquisition of
 
one vehicle.
 

9. 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
 
mximum of one-way air fare (ruturn portion) plus stipend of $20 per da)P.
 
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.
 

iC. 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 REIABUh.AENT CONTRACT WITH AN EDUCA .,ORAL INSTITUTION 

AGENCY FOR INTFRNATIONAL DEVELOPMENT NEGOTIATED CONTRACT NO. AID/t&.C.1207 

NEGOTIATED PURSUANT TO THE FOREIGN ASSIST- TOTAL ESTLMATED CONTRACT COST
ANCE ACT OF 1961, AS AMENDED, AND EXECUTIVE 
ORDEK 11223 See Article V 
CONTRACT FOR: Legume Rhizoblum SynbiossM CONTRACTOR (Name and Address)

Research 
PROJECT NO: 931-17-130-613-73 University of Hawaii 

__ __ __ _ ___ _ __ _ _ _ __ _ _ _ _ NAME . 
(Name and Address)ISSULNG OFFICE 

Agency for International Development c/o Contracts and Grants Office
 
Central Operations Division STREET ADDRESS 2450 Maile Way

Office of Contract Maangement Honolulu, Howaii
Wilihington, 0. C. 20523
 

CITY, STATE, AND ZIP CODE 96822 

ADMINISTRATION BY COGNIZANT SCIENTIFIC/TECHNICAL OFFICE 

Issuinq Office TA/AGR

MAIL VOUCHERS (Original and 3 copies) ACCOUNTING AND APPROPRIATION DATA 

TO: Agency for International Development PI/T NO. 931-17-130-613-73-3157573APPROPRIATION NO. 72-I I I023 
Office of Financial Management ALLOTfENTN.NO NO. 02-11' 02N-.1 
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this Contract, and the Contractor, an educational inscitt-tion chartered by the State of --_-Hawaii 
with ics principal office in .- _Ji nf LI.lIU1' , agree that the Contractor shall 
perform all the services set forth in rhe attached Schedule, for the consideration stated therein. The rights and obli­
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To the extent of any inconsistency between the Schedule and the General Provisions and ony specifications or other 

,provisions which are made a part of this contract, 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. 
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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 INRESEARCH METHODS, PROCEDURES, OBJECTIVES,
 

OR PHENOMENA UNDER STUDY
 
ARTICLE IV -'PERIOD OF CONTRACT SERVICES
 

ARTICLE V - ESTIMATED CONTRACT COST AND FINANCING
 

ARTICLE VI 
 - BUDGET
 

ARTICLE VII - NEGOTIATED OVERHEAD RATES
 

ARTICLE VIII - ALTERATIONS IN CONTRACT
 

GENERAL PROVISIONiS
 

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 I through 38 ; and form AID 1420-230 entitled "Additional
 
General Provisions - Cost Reimbursement Contract with an Educational
 
Institution," dated 9-74, which includes provisions 1 through 18
 



SCHEDULE
 

ARTICLE I - STATEMENT OF WORK 

For a period hereinafter set forth inthe Schedule, the Contractor shall 

render technical advice and assistance to the Agency for International 

Development as more specifically provided for InAttachment A, Scope of 

Work, attached hereto and made part hereof. 

ARTICLE II- 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 specified 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) in sufficient detail to permit evaluation of the impact
 

on the program. The listing 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 personnel, as appropriate.
 

C. (1) The Contractor shall obtain A.I.D.'s approval to change
 

the principal investigator or project leader, or to continue the
 

research work during a continuous period in excess of three months
 

without the participation of the approved principal investigator or
 

project leader.
 

(2) The Contractor shall consult with A.I.D. ifthe principal
 



Investigator plans to or becomes aware that he will,'devote substantially
 

less effort to the work than anticipated inthe Scope of Work Plan.
 

IfA.I.D. determines that the reduction of effort would be so substantial
 

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

request a change of principal investigator, terminate the research
 

effort or make any other appropriate modification bf the research agreement.
 

ARTICLE III - CHANGES INRESEARCH METHODS, PROCEDURES, OBJECTIVES OR
 
FHENOMENA UNDER STUDY
 

A. The principal investigator may change the methods and procedures
 

employed inperforming the research without making special reports on
 

proposed actions or obtaining A.I.D. approval. However, significant
 

changes inmethods or procedures shall be reported to the Government
 

inperiodic or final technical reports. Inthe 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 isJune 1, 1975, and the
 

estimated completion date of work, including final report(s), under
 

this Contract.is May 31, 1978.
 

http:Contract.is


ARTICLE V - ESTIMATED CONTRACT COST AND FINANCING
 

The Contractor will be reimbursed for the costs incurred in
 

performing services hereunder inaccordance with the applicable
 

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

following limitation made inrespect 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 "Budget". $491,000 

B. Estimated additional funds which may be 

prov'ded, iffunds are available. See the clausme 

of the General Provisions entitled "Limitation 

of Funds" and the article of the Schedule 

entitled "Budget". $391,799 

Total Estimated Contract Cost $842,799 

NOTE: It isestimated that the aforesaid amounts will be 

sufficient to complete the work required hereunder 

as set forth inthe Schedule article entitled 

"Statement of Work". 

ARTICLE VI - BUDGET 



LINE ITEM 


1.Salaries & 

Wages
 

2.Fringe 

Benetits
 

3.Consultants 


4.Overhead 


5.Travel and
Transportation 


6.Publications 


7.Equipment and

Supplies 


8.Vehicles

(Lease) 


9.Participant

Costs 


10. Subcontract 


TOTALS 


BUDGET
 

FUNDS 

AVAILABLE 


FR: 06-01-75 

TO: 12-31-76 


$157,791 


28,493 


6,200 


43;696 


31,550 


6,500 


136,900 


6,900 


21,780 


51p190 


$491,000 


ESTIMATED COST
 
TO COMPLETION.
 

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


$ 194,637' 


34,945 


- 0 ­

61,457 


14,990 


2,500 


29,200 


4,850 


21,780 


27,440 


$391,799 


TOTAL
 

$ 352,428
 

63,438
 

6,200
 

105,153
 

46,540
 

9,000
 

166,100
 

11,750
 

43,560
 

78,630
 

$88799
 



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 clause of the General Provisions entitled "Limitation of Funds").
 

Total contract expenditures shall not exceed the grand .total of the funds
 

Ivailable. Within the grand total, the Contractor may adjust Line Item
 

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 VII - NEGOTIATED OVERHEAD RATES
 

A. Establishment of Postdetermlned Indirect Cost Rates
 

Pursuant to the clause of the General Provisions of this Contract
 

entitled "Negotiated Overhead.Rates - Postdetermined", a rate or rates
 

shall be established for each of the Contractor's accounting periods
 

during,the term of the Contract. Pending establishment of final indirect
 

cost rates for the initial period, provisional payments on account of
 

allowable indirect costs 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 
Wages 

From: 1 Jun 1975 
To : Until Amended 

Off Campus 34.13% Salaries and 
Wages 

From: 1 Jun 1975 
To : Until Amended 
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Rae ase Period 

Training (Off Campus) 19.88% Salaries and From: 1 Jun 1975 
Wages To : Until-Amended 

Postdetermined indirect cost rates for subsequent periods shall
 

be established inaccordance with the terms of the "Negotiated Overhead
 

Rates - Postdetermined" clause of this Contract.
 

ARTICLE VIII - ALTERATIOiS INCONTRACT-


A. Inaccordance with Additional General Provision No. 3 entitled
 
"Personnel", whereunder the Contractor may not send individuals outside
 

of the United States to perform work under the Contract without the
 

prior written approval of the Contracting Officer, the Contracting
 

Officer does, hereby, provide said approval for those individuals
 

required to travel outside the United States; provided, however, that
 

concurrence with the assignment and/or travel of any and all said
 

individuals outside the United States isobtained, inwriting, 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 i:itended trip a statement of purpose, length,
 
and expected results, unless such 30 day advance notice iswaived In
 



--

writing by TA/AGR. Contractor will, through TA/AGR, keep A.I.D. Missions
 

Incountries 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
I 

inform Missions of the trip outcomes. The Contractor will make necessary
 

appointments and logistic arrangements.
 

B. Add General Provision No. 39 (Attachment B)entitled "Minority
 

Business Enterprises Subcontracting Program";
 

C. Add General Provision No. 40 (Attachment C)entitled "Labor
 

Surplus Area Subcontracting Program";
 

D. Add General Provision No. 41 (Attachment 0)entitled "Small
 

Business Subcontracting Program".
 

E. Consultants
 

Consultant services for a maximum number of 62 days will be reim­

bursed inconnection with the services to be provided hereunder. No
 

compensation for consultants will be reimbursed unless their use under the
 

contract has the advance written approval of the Contracting Officer; and
 

ifsuch provision has been made or approval given, compensation shall not
 

exceed, without specific approval of the rate by the Contracting Officer,
 

(1)the 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 isless.
 



STATEHENT OF WORK
 

Conduct research in sklected LDCs and at the University of
 
Hawaii to determine more efficient legume-Rhizobium associations.
 
especially those suited to leached, acid tropical soils high
 
InAl and low inbases.
 

A. Activities
 

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

management,
 

2. Collect effective Rhzobium strains
 
a. Obtain better strains from existing collections
 

b. Isolate new strains from active nodules
 
c. Place particular emphasis on strains from target
 

legumes
 
1) Primary 
species
 
a) Arachia hypogaea
 

b) CaJanus caJan
 

c) Cicer arietinum
 

d) Doltchos lablab, D. biflorus
 

e) Glycine max
 

f) Lens esculens
 

g) 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 (Macroptiltum), Leucaena, Stylosanthes spp.
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b) Browsi, covercrops and greenmanures - P. 
Canavalia, Crotolaria, Glyricidia, Seshania,.Stizolobiu, etc. 

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

V. sesquipidalis, and Voandzeia subterrania.
 

3. Begin characterization and screehing of Rhizobium
 

strains.
 

4. Investigate specific nutrient requirements and
 

tolerance of stress of promising Rhizobium strains.
 

-5. Search for improved methods of legume seed innocula­

tion to assure maximum effective modulation under target soil
 

conditions.
 

6. Host a 
workshop for exchange of information on research
 

in legume/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
 

c. Assist in exploration for and testing of
 

Rhizoblum strains and host legumes.
 

2. Identify five or mcre superior strains of Rhizobium
 

for each legume in the Primary category listed above.
 

3. Identify one or more Rhizobium strains for 3 or 4
 



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 siperior
 
Rhizobium strains identifying the most appropriate varieties
 
of associated legumes. 
 Describe the characteristics of each
 

both advantages and limitations.
 

2. Develop training program and train 24 LDC specialists.
 

a. Prepare potential collaborators with necessary
 

skills.
 

b. Train technicians to maintain cultures and dis­

tribute innoculum.
 

3. Distribute selected strains of-Rhizobium strains for
 

trial and demonstration.
 

4. Make limited distribution of Rhizobium strains for
 

comercial multiplication and sale.
 

5. Assist establishing culture multiplication and
 
distribution centers indeveloping 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.issued by
 
the contractor to reflect significant accomplishments or pivotal
 
times. It issuggested that a distinctive format and cover be
 



selected for the technical reports so that they ny be recognized 

as a sbres relating to one project. Preparation of annual 

report should follow guidelines dated January 20, 1972, a copy 

of which is attached to this contract. 



@erael.provision 1t0. _3_9 

N WTrUsM-.s E:T.PPISS.rSSco..'.CTN'Gt P.CmJ,.! (FM 1-1.1310.2) 

(a) The Contr-ctor narees to est:blirh nnd coruct prc.-raa u.ich v10iablo nirority b'-xiness enterprises (is defir.e in the clpure entitled*Utlizti-.on of 'ir.orit:- ?uin,,-ss E ter rirces") to -e considered f~irly ns 
Vtcontr-ctors .'ndsup;liers unier this contr!ct. 
In this connection, the
 
Contractor sh-l1 ­

(i) Desirnate a 
litnison officer who will administcr the Contractor's

uinofity tusinrss enterprises prc~ra.
 

(2) Provide adecuate and ti.ly consideration of the potentialities of
known mincrity Lisiness enterprises in all 1:.zke-cr-bull decisions.
 

(3) Assure that knov'n minority bustr,ezz enterprises vill have an
equitable oc;ortunity to com.pete for sutcontr-cts, prticulerly by arranging
solicitations, t4.e for the preprtion of bids, quantities, specifications,
and delivery schedules so as to facilitate the participation of minority

business enterprises.
 

(4) Maintain records showing (i)procedures which'have been adopted :Locomply vith the policies set forth in this clause, including the establis-mantof a source list of"=inority business enterprises (ii)a.-rards to ninoritybusiness enteruriscs on the source list, and (iii 
 specific efforts to
identify end award contracts to minority business enterprises.
 

(5) Include the Utilization of 
inority Business Enterprises clause in
subcontracts which offer substantial minority business enterprises subcontracting

opportunities. 

(6) Coopern.t . -.th th3 Contract.ng Officer in any studies and surveys of
the Czntz r' --::iori4y bus.ines enterprises procedures and practices thatthe Contractin- Officer my from tine to tire conduct. 

(7) Su itpriodic.. reports of subcontrncting to known minority businessenterprises with res:-c, to the records referred to in subprs.raph (4)3 above,in such form anj .irnner end at such t;--e (not more often than quarterly as
the Contracting Officer nay prescribe.
 

(b) The Contrictor further no.-ecs to insert, inany 'subcontract hereunder
which m~y e'cc-.I ";5c.oO0o, provisinn 
 -iich zll.iU corform substntially to thelan:.-ng of thin clause, inclujin- thi-s pr.n-rnrph (b), and to notify theContr,:ctine Officer of the i,,mcs of such zuccontrnctors. 

http:Contract.ng
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Oeral Provision No. * LO 

LABOR SURPLUS AREA SUBCONTRACTING PROGRAM (FM 1-1.805-3(b)) 

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

(1) Designate a liaison officer who will (i) maintainliaison with duly authorized representatives of the Government onlabor surplus area matters, (ii) supervise compliance with the
Utilization of Concerns in Labor Surplus Areas clause, and (iii)administer the Contractor's "Labor Surplus Area Subcontracting

Program";
 

(2) Provide adequate and timely consideration of the potentiali­ties of ltbor surplus a:ja concerns in all "make-or-buy" decisions;
 

(3) Assure that labor surplus area concerns will have anequitable opportunity to compete for subcontracts, particularly by

arranging solicitations, time for the preparation of bids, quantities,

specifications, and delivery schedules so as to facilitate the
 
participatica of labor surplus area concerns;
 

(4) Maintain records showing 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 1 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 opportunities.
 

(b) A "labor surplus area concern" is a concern that (1) has
been certified by the Secretary of Labor (hereafter referred to as
 a 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
 



wuneremployment, in persistent or substantial labor surplUs areas, or 
in other areas of the United States or (2) is a nozcertified concern
 
which has agreed to perform a substantial proportico of a contract in 
persistent or substantial labor surplus areas. A c rtified-eligible 
concern shall be deemed to have performed a substantial proportion
 
of a contract in or near sections of concentrated unemployment or 
underemployment, in persistent or substantial labor surplus areas, or 
in other areas if the costs that the concern will in'cur 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 performed 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) 'TheContractor 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.
 



Gumbiral Pro #:ou,' 11 41 

AL" "MM~ SUBCOMACTING Ppoo~iM (FPR1.1.710,3(b))
(a) The Contractor agrees to establish and conduct a small
bsuness subcontracting 
program which will enable small business
concerns to be considered fairly as subcontractors and Suppliers
under this contract. 
In this connection, the Contractor shall­
(1) Designate a liaison officer whowith the Government will (i) maintain liaisonon

Compliance with 
small business matters, (ii) supervisethe Utilizationand (iii) administer of Small Business Concernsthe Contractors clause,"Small Business SubcontractingProgram.",
 

(2) Provide adequate and timely consideration6f small business of the potentialitiesconcerns in all "make-or-by decisions. 
(3) AssureOPPOrtunity that small business concerns will have an equitableto compete for subcontracts, Particularly by arrandgingSolicitations time for the preparation of bids, quantitiesand delivery schedules as to specifications,sobusiness concerns. facilitate theparticipationWhere of smailthe Contractor'sbusiness subcontractors lists of potential smallare execessively long, reasonable effort shall
be made 
 to give all such small business concerns an opportunity to
compete over a period of time.
 

is a small busless 
(4) Maintain records showing (i) whether each prospective subcontractorconcern,comply with the (ii) procedures which havepolicies been adoptedset forth in toto the letting of 

this clause, and (iii)any subcontract with respect(including Purchase$l0,000, information orders) e:-ceedingsubstantially as follows: 
(A) Whether the award went to larg or small business. 
(B) Whether less -than three or more than two small businessfirms were solicited. 
(C) Trc reason for nonsolicitation 
os 
small business if such
was the case. 
(D) The reason for sm1l business failure to receive the award
if such was the case 
when small business was solicited.Tha records maintained in accordance with (iii) above may be in such


form as the Contractor may determine, andsummarized quarterly the informationand submitted shall beindividual plant by the Purchasing departmentor division to of eachthe Contractor'sliaison officer. cognizantSuch quarterly summaries small businesswill be considered to be manage­however, records maintained 

ment records only and need not be submitted routinely to the Government;
pursuant to this clause will be kept availablefor review by the Government until the expiration of 1 year after theof this contract,or for such longer period as may be required by other clause
 

award 
of this contract or by applicable law or regulation. 
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