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SUMMARY OF ACCOMPLISHMENTS

Since its inception in 1975, the NifTAL Project has concentrated on
five program areas: building and making available a germplasm resource,
contributing research in problem areas that limit effective utilization of
the Legume/Rhizobium symbiosis, training key personnel in Rhizobium tech-
nology, promoting an international network of BNF researchers, and dissemi-
nating BNF information among scientists throughout the tropics. The
integration of these service and research programs offers germplasm, tech-
nology, and trained pcrsonnel to agencies responsible for agricultural
policy in tropical countries to enable them to promote legume cropping systems.

A major accomplishment of the past year was when almost 200 research
scientists from most of the agricultural research institutions of the world
met in March, 1981. The conference "International Workshop on Biological
Nitrogen Fixation Technology for Tropical Agriculture" was held at Cali,
Colombia. During the five days of the workshop, issues were delineated, the
latest research results--cspecially for field-oriented researcli--were exchanged,
and development strategics were put forward, argued, and reformulated.

The NifTAL Germplasm Research Center continues to provide exciting pos-
sibilities. Over 1500 strains of Rhizobium are maintained at NifTAL Center.
The collection contains isolates from various economically important grain
legumes, pulses, forages, and tree legumes. A catalog of the strains is in
preparation for distribution. Over 350 cultures were sent to 26 different
countries. Distribution of peat inoculants continues and offers the opportunity
for further testing in NifTAL's INLIT activities.

Identification of Rhizobiwn in oven dried nodules by immunoflourence and
agglutination has been undertaken. The techniques also describe simple, low
cost methods of rodule precparation.

A serum bank has been established and now stocks antisera and gamma
globulins for the identification by agglutionation of all the 36 strains of
Rhizobium which have initially been selected for the INLIT trials. A small
number of antisera has bcen lyophylized and shipped to INLIT cooperators and
researchers. There have been requests for 21 antisera to date.

Inoculants continue to be produced for all twelve original legumes plus
two more. A quality control systemis now in operation which ensures tha+
all inoculant is dated, labelled, and maintained in adequate stocks with
independent checking by a scientist outside of production. A cheaper form
of ycast-extract has been identified and preliminary results from work on
36 Rhizobium strains has yielded encouraging results; further work is underway
to usc the liquid culture produced using the cheaper extract in peat inoculant
production.

A variety of research has been completed including studies of
soybean inoculation effects, strain specific nitrate offects, quanti-
fication of symbiotic nitrogen fixation using uriedes, and chickpea
response to Rhizobium inoculation,



The International Network of Legume Inoculation Trials (INLIT) continucs
in Asia, Africa, and the Americas. Several cooperators were visited by the
NifTAL staff and many "A" experiments have been completed and returncd. Pro-
cedures were developed by NifTAL for handling data from the INLIT A Experiments
and materials were prepared and sent to all cooperators explaining the specific
procedures. 'B" experiments (strain testing) have been produced and are now
awaiting departmental approval. Memoranda ol understanding were signed with
several organizations and informal memoranda were completcd with both individual
cooperators and country institutions.

Training continued to be an important activity. Two, six-week training
courses in Rhizobiwn technology were undertaken. Th: first in West Malaysia
trained 14 participants from 9 countries. The second course was held in Mexico;
13 participants came trom nine different Latin American countries. Preliminary
discussions were started with Thailand regarding a training course there in
1982, Other activities included graduate research through the University of
Hawaii's Agronomy and Soil Science Department; the translation of the NifTAL
training manual and the INLIT trials booklet into Spanish; the reception of a
training grant for USAID staff training; the expansion of the training manual
into a Handbook of Rhizobium technelogy; an evaluation of the effect of BNF
training on agricultural research in developing countries.

The BNF Bulletin continued as a NifTAL/211-(d) Consortium production and three
issues werc produced and disseminated. Technical documents and information were
also sent to requestors from LDCs.

Three audiovisual modules have been produced on Rhizobium technology and
translated into Spanish and Mandarin. Formative evaluation on these modules
has been started and three more modules are in the process of development.

A major event during this reporting year was the 3-year end of
funding cycle review. This critical external review was conducted by
a review team made up of Dr. H, Popenoce, Director International Pro-
grams, University of Florida, Gainesville; Mr. A. Hankins, ASIA/TR/ARD;
Dr. C. C. Black, Department of Biochemistry, University of Georgia,
Atnens; Mr. D, Schaer, AFR/FR/ARD; and Dr. Miller, USDA/SEA/CR and
Dept. of Agronomy, Ohio State University, Columbus. The report
is attached as Appendix IX. The process of evaluation itself required
that all staff be at the site while under review and provided an op-
portunity during the preceding months to prepare the necessary materials,




ANNUAL RESEARCH REPORT

GENERAL BACKGKOUND

NifTAL's goal is to increase agricultural productivity throughout the *
tropics while minimizing dependence on costly, petroleum-dependent fertili-
zers by promoting effective utilization of the legume/Rhizobiwm symbiosis.
The value of legumes in low-input cropping systems encompasses their high-
protein content when used as food, feced, or forage and their commercial
versatility in arcas such as timber, wood products, fiber, gum, soil im-
provement, and erosion control. They obtain their N through association
with the beneficial bacteria, Rhizobiwm, and can also improve soil fertility
for companion or following crops. NifTAL's strategy is to:

1. Identify effective strains of Rhizobium;

2. Demonstrate the bencfits of Rhizobiwm inoculants by field trials
throughout the tropics;

3. Provide technical assistance to institutions trying to maximize
biological nitrogen fixation by legumes through training of key
personnel in Rhizobiwn technology, through provision of germplasm
inoculum or information resources, or through expert consultancies
in inoculant production,

CONTRACTED OBJECTIVES

To achieve increased food production by more cffectively exploiting
the legume-khizoblum symbiosis, NifTAL objectives include the development
of: .

1. A formal network of cooperators in the tropics for field testing
of Rhizobium inoculants,

2. Training programs on applied research and technology of Rhizobium
bacteriology for technicians and scientists in tropical countries,

3. a. A collection of Rhizobium strains, including strains which have
been tested and proven on targeted legumes, for distribution
to researchers worldwide;

b. Improved inoculum delivery techniques that ensure effective,
dependable field inoculation; and

c. Improved techniques and cultural systems to expleit more fully the
nitrogen contribution of legumes in tropical cropping systems.,



ANNUAL ACCOMPLISHMENTS

NETWORK CONTINUATION

African Network

The African region continues to function. Several cooperators in the
region were visited in the course of D. McNeil's teaching assignment in
Egypt and he spoke with others in Winnepeg and Canberra so linkages remain
well established.

Nine completed "A'" Experiments have been returned and at least five
more are known to be planted out of a total of 36 experiments distributed.
(See Figures 1 and 2,) Eighteen other inquiries for seed and strains were
handled as were inquiries from St. Helena and Zambia with regard to establish-
ment of small scale inoculant production plants.

The primary plants of interest appear to be soybeans and Leucaena with
interest also in Phaseolus, peanut, stylosanthes, and cowpea.

Americas Network

INLIT investigations were integrated at Benchmark Soils Project sites
in Hawaii. Trials were promoted in the Latin American region and back up
support provided to 25-50 INLIT trials, A profile was prepared for Latin
American institutes currently working with BNF by Rhizobium. (See Figures 3and 4,)

Participation of B, Kerrey in the Regional BNF Confevence at St. Augustine,
Trinidad, in January 1981 resulted in the development of cooperative linkages
with University of West Indies and Caribbean Agricultural Rescarch and Develop-
ment Institute and planting of three INLIT trials in three member island
nations. An outline for regional Caribbean BNF programs was prepared by UWI,

The Spanish translation of the NifTAL INLIT "A" experiment was developed
and publication in Spanish was completed.

Asian Network

The Asian Network continued to grow during this period. 217 experiments
were sent out to cooperators. These included some experiments to new cooper-
ators and some repeat experiments. (Seec Figures 5 and ¢.) Some cooperators
who found the program beyond their capability chose to withdraw.

Although many more experiments were sent out than data has been received,
the pace of data receipts has been increasing. One problem has been getting co-
operators to record data directly onto the data sheets. Rescarchers tend to
use their own data sheets and transcribe the data onto the NifTAL sheets which
slows the return of data to NifTAL, R, Davis visited several sites where experi-
ments have bcen harvested but the data was in the researcher's file book and no
xerox was available. However, many cooperators did get the data ready when they
knew Davis was coming through. As a result, one in threec of those data sets
returned were handcarried by Davis,



""B"" Experiment

A "B'" (strain testing) experiment has been produced and preparec tor
departmental approval (Appendix II,) The basic design has 12 treatments ftor
comparing NifTAL and local inoculants under local conditions. The axperi-
ment was designed in consultation with F, Cady, the NifTAL statistician.
Three trial runs on various "B" cxperimental designs using Cicer ariasinum,
Phaseolus vulgaris, and Cajanus cajan have been conducted at the Nifial, FRNTS
This work was done in cooperation with two NifTAL trainees to vefine and to
suitability of the experiment as well as to act as a learning cxpericnce fo-
the trainec. (See Appendix I1L.) The results suggested that at the N1 TAL site
the network inoculants are as good as any available. A completed design has
now been finalized and will shortly be made available to our interrational
cooperators.

Linkages and Agreements

Cooperative agreements were developed which formed linkages with the
Benchmark Soils Project, North Carolina State University, and FERTIMEX of
Mexico.

Participation in the Soybean Sced Quality Workshop presented by INTSOY
in Colombo, Sri Lanka, January 1981, provided linkages with INTSOY internatinal
organizer Carl Hittle and seced quality specialist J, C. Delowche, University of
Missippi.

A formal Memorandum of Understanding was signed with the Philippine
Council of Agriculture and Resource Research (PCARR), the organization which
must approve all agricultural rescarch in the Philippines. At the sanme time,
PCARR funded a country wide project of legume inoculation experiments,

NifTAL prepared, at the request of the Bangladesh Council of Agricultural
Rescarch (BART), a plan for implementing a country wide project in legume
inoculation rescarch. The current count for agreements is as follows:

Formal memorandum signed with central agency 1
Informal written memo with central agency 1
Unwritten understanding with country institutions 4
Unwritten understanding with individual institutions 5

Unwritten understanding with both country institutions 1
and individuals

NifTAL leaves it to the descretion of the local government as to what
type of understanding to work under.



Statistical Analysis

Procedures were developed for handling data from the INLIT "A"
Experiments. These included initial handling of data by the Network
Coordinators, analysis by the data analyst, and disposition of the data.
Statistical procedures were evolved for analysing the data to answer the
questions decided upon, a priori, and built into the experimental design
of the experiment, Analysis of each experiment used standard analysis of
variance and regression procedures with the computer output in a special
format to enhance data inperpretation. The printout is being sent to the
individual cooperators, and in addition, the data is being stored in a com-
puter file for running a combined analysis of the data.

A bulletin was prepared and sent to all cooperators explaining both the
analysis being conducted and the format of the computer printout which they
will receive.

A form letter was devised to accompany each analysis being returned to
cooperators. Using this form the data analyst can give each cooperator a
personalized explanation of the analysis of his experiment by simply filling
in blanks and crossing out alternatives.

TRAINING COURSES AND WORKSHOPS

Intern Training

Intern training was provided at the NifTAL site for seven trainees from
developing countries and one USAID person on study leave for a total of 25
months of training.(See Figure 7), The intern training program was restricted
because of lack of funding,

MARDI/NifTAL Training Course

A six-week training course in Fhizobiwm technology was held in Kuala
Lumpur, West Malaysia, November 3 - December 13, 1980, The course was sponsored
by the Malaysian Agricultural Research and Development Institute (MARDI) and the
NifTAL Project. Specifically, organization was by the Soil Science Department
of the Fundamental Science Division together with the staff of the NifTAL Project.
Additional support from UNESCO (instructor and participant costs), USDA
(instructor), and the University of Malaysia (equipment) is acknowledged.

The NifTAlL staff combined with local organizers Mrs. Joy Sundaram, and
Dr. N. T. Arasu, and additinal lecturers Dr. H. Foster (FAO consultant to
MARDI), Dr. C. K. Heng (Soil Scientist, MARDI), Dr. Mohd. Noor (Lecturer,
MAU), and Dr. Deane Weber, USDA. )

The list of participants may be found in Figure 7,



Chapingo Training Course

Thirteen participants from nine Latin American Countries attended the
NifTAL/Colegio de Postgraduados training course in Rhizobium technology held
in Chapingo, Mexico, 15 June - 24 July, 1981. Local organizer for the course
was Dr. Ronald Ferrera-Cerrato., The course was presented in Spanish,

Guest lecturers included Dr., P. H. Graham, CIAT; Dr. D. Gross, NCSU;
Dr. D. Hubbell, University of Florida; Dr. E. C. Schroeder, University of
Puerto Rico, and Dr.C. Vidor, UFRGS, Porto Alegre.

A list of participants may be found in Figure 7.

Bangkok Training Course

Preliminary discussions were started with the Department of Agriculture,
Bangkhen, Bangkok, regarding the 1982 Thailand training course. Paperwork
is now being prepared to develop an agreement with the host institution.

Training Impact Evaluation

A preliminary evaluation of the effect of BNF training on agricultural
research in developing countries was undertaken in late 1980 and a report
given to the BNF workshop at CIAT in March. This report considered the
results of a survey made of individuals who had received BNF training and
of research directors (by institute title) who were using these people.

Survey responses continued to come in during early 1981 and a complete
evaluation of the data is planned.

Training Manual

The NifTAL training manual has been expanded into a handbook of
Rhizobiwa technology which is self-explanatory and may find use in the
classroom as well as in the laboratory where information on current tech-
niques and aethods is nceded,

Three new cexercises have been added. Each of the now 21 exercises
have been presented in greater detail and a materials list added to each
exercise. Additional illustrations have also been included. The appendix
has been greatly enlarged to include methods and techniques in support of
the exercises.

The new Manual is close to completion and is awaiting the addition
of more graphs and photographs before it cain be released for review.

The Spanish translation of the training manual was developed and
publication was completed,



Cali Workshop

200 research scientists from most of the agricultural research institutions
in the world met in March at the "International Workshop on Biological Nitrogen
Fixation Technology for Tropical Agriculture" at Cali, Colombia. During the
five days of the workshop, issues were delineated, the latest research results--
especially for field-oriented research--were exchanged, and development strategi
were put forward, argued, and reformulated. While major financial and organi-
zational responsibility fell on CIAT, NifTAL, and ICRISAT, other collaburators
that provided substantial sponsorship included ADAB, Unesco, USDA, and USAID.
Also cooperating were Boyce Thompson Institute, Cornell, East-West Center,
ICARDA, IITA, INTSOY, IRRI, North Carolina State University, Overseas Develop-
ment Agency (UK), and the Universities of Hawaii and Puerto Rico.

GERMPLASM

Germplasm Research

A study to validate the suitability of oven dried nodules for Rhizobium
strain identification by immunodiffusion and agglutination was carried out.

Besides emphasizing the economic value of legume inoculation, the INLIT
organized by NifTAL provides opportunities to add new dimensions to the
research program of cooperators. A technique has been developed for the
identification of occupant rhizobia in oven dried nodules by immunofluor-
excence and agglutination. The technique also describes simple low cost
methods of nodule preservation. Suitably equipped cooperators may pursue
ecological studies on Rhizobiwm., (See Figures 8 to 12.)

Rhizobium Germplasm

Over 1,500 strains of Rhizobium are maintained at NifTAL., The col-
lection contains isolates from various economically important grain legumes,
pulses, forages, and tree legumes for agroforestry,

Cultural purity checks and authentication are underway to prepare the
strains for preservacion by freeze-drying, A catalog of the strains is in
preparation for distribution.

Between July 1, 1980 and June 30, 1981, a total of 370 cultures were
sent to 26 different countries (Figure 13).

Highly effective rhizobia previously tested under greenhouse and field
conditions are now in distribution as peat inoculants for further testing
in NifTAL's INLIT activities.

Antisera Bank

A serum bank has been established housing rabbit antisera for identifying
the strains of Rhizobiwn used in inoculants for the INLIT trials,
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Audio Visual Programs

Three audiovisual modules have been produced. (1) Rhizobium
isolation, (2) Rhizobiwm storage, and (3) acetylene reduction technique.
These three modules have been translated into Spanish by V. A, Michelena,
Universidad de Oriente, Venezuela and Mandarin by T. S. Hu, Academy of
Agricultural Sciences, PRC, in conjunction with the NifTAL staff and are
being evaluated at the host institutes., A further three modules and
three extension modules are in the process of development,

Evaluation and feedback on these modules has also taken place at
AURDC; 8th International Rhizobium Conference, Winnepeg; UN training courses
in Cairo and Ibadan, and on local trainees by B. Bohlool at the University

of Hawaii, Refinement of the modules is at present being made taking into
account the completed ¢ iestionnaires on the original productions,

RESEARCH

Abstracts and information on research works are contained in
Appendix 1V,

TRAVEL

Information on staff travel (dates of travel, destinations, and purpose)
are included as Appendix vV,

PERSONNEL

Staff personne! ond an organizational organogram are included in
Appendix VI,
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NifTAL Project

Forecast of Work Plan
July 1981 - June 1982

OBJECTIVE

ACTIVITIES

OUTPUT

el

Rhizobium Germplasm
Resource

Antiserum Bank

International Network of

Legume Inoculation Trials
INLIT

la,

1b,

1c.

1d.

le.
1f.

2a,

2b.

2c.

3a.

3b.

Maintain and expand collection

Identify 3 strains of Rhizobiwn for each
legume of actual or potential importance
Produce legume inoculant on a pilot scale

Catalogue of strains held in Rhizobium
Germplasm Resource

Provide cultures of Rhizobium on request
Provide rhizobial inoculants on request

Develop antisera for identification of
Rhizobium strains

Distribute catalogue on antisera held in
serum bank

Distribute lyophilized aliquots of antisera

on request

Continue implementation of field trials

Provide materials, technical advice, and
analytical services

Controlled Rhizobiwm germplasm
collection

Three field tested rhizobial
strains

Stock of available inoculant

Catalogue of all strains held in stock

Accommodated requests
Accommodated requests

Steck of antisera

Catalogue of antisera {(draft)
Accommodate requests

Agreements between NifTAL and LDCs

to participate in the INLIT

Provision of supporting services



OBJECTIVE

ACTIVITIES

OUTPUT

3.

5.

Inoculant Development

Nitrogen Contribution

4a,

4b.

dc,

4d.

de,

5d.

Perform statistical analyvsis and
interpretation of results

Distribute INLIT results

Follow up on INLIT

Characterize attributes of peat as a carrier

Prepare inventory of peat resources
accessible to developing country, upon request

Evaluate alternative carriers for inoculant
for inoculant delivery

Test feasibility of enriching of products
or wastes to enhance their suitability as
carrier

Develop techniques for assuring successful
inoculation under stresses

Develop methodologies for quantifyving
N-Balance

Employ methodologies (51, above) to study
N-Balance of selected cropping systems

Access impact of management factors on
N-Balance

befine impact of temporary snii nitregen
excess.

Computer program for analyzing
INLIT data

Information on INLIT findings

Approaches to solving regional or
country specific problems

Definition of attributes (beginning)

Provision of services

Evaluation of alternative carriers

Test of non-peat carriers

List and description of techniques

List and descriptions of mechodologies
(starting)

Case studies (starting)
Inventory/study of local management
rhbeginning)

Definition of N-excess impact



OBJECTIVE

ACTIVITIES

OUTPUT

6. Legume Germplasm
Resource

7. Effects of Soil Fertility

8. Regionalizaticn of BNF
Support

Gl

Se,

Sf,

6a.

6b.

6c,

6d.

7a,

7b,

7c.

7d.

8a

8b.

Describe competition effects that adversely
affect N-fixation

Test compatibility of novel associations of
legumes and/or non-legumes with specified

leguminous trees.

Assemble stock of potentially importait
legume seed for Rhizobium testing

Develop data on origins and characterizations
of target legume species

Increase seed stock

Distribute seed catalogue and supply sample
seeds upon request

Define acid, salt, and phosphate tolerances
of less-known legumes and their rhizobia

Survey phosphate requirements of rhizobia

Study salinity/legume interactions

Study hydrogen ion and Al ion interference
with rhizobia

Identify cooperative institution in 3 LDCs
prepared to host a regional BNF resource
center

Install a pilot-scale inoculant production
plant at each center

Reports from INLIT

Description of the associations
(draft)

Stock of seeds

Information collection

Stock of seeds

Accommodate requests and publish
catalogue

Three effective rhizohia for two
accessions of at least six g¢pecies

Defined phosphorus requirements
of strains of Rhizobiwm for priority
legumes (INLIT)

Findings on effects of soil salinity
on symbiotic N-fixation

Findings on how soil chemical stresses
interface with division, infection,
and nodulation.

Three regional BNF Centers

Plans for installation of plants
and procurement of equipment



OBJECTIVE ACTIVITIES

OUTPUTS

. “anpower Training 9a. Provide graduate research assistantships

9b. Conduct at least one six week training in
legume/i=7zobiwn technology

9c. Offer intern training experiences
at NifTAL

9d. Develop and disseminate training materials
in support of objectives D, ¢, d, and e

Attached as Appendix VIII are the project design summary and milestone events
time line which were developed for the five-year extension proposal,

Professional cadre of BNF specialists
with M.S. or Ph.D. degrees

Trained technicians with skills for
handling rhizobia in research and
production

Key persons working with legumes
trained in Rhizobium technologies

Material available for training purposes



BUDGET FORECAST

Estimated Expenditures and Obligations
July 1, 1981 - June 30, 1982

According to Inputs

CATEGORY AMOUNT
Salaries/Wages $ 549,178
Fringe Benefits 104,479
Consultants 20,000
Travel/Subsustence 231,100
Publications 25,700
Freight 7,450
Equipment 181,450
Supplies 63,650
Utilities 50,869
Facilities Lease 55,926
Overhead 187,226

TOTAL $1,477,028

According to Outputs

CATEGORY AMOUNT
Rhizobium Germplasm Resource $ 192,866
Antiscrym Bank 50,293
Network Trials 287,519
Inoculant Development 165,271
Nitrogen Contribution to

Cropping Systems 187,402
Legume Germplasm Resource 51,656
Effect of Soil Fertility 39,440
Economic Evaluation 40,909
Training Key Personnel 461,672

TOTAL $1,477,028



STATEMENT OF EXPENDITURES AND OBLIGATIONS
AND CONTRACTOR RESOURCES
1980 - 1981

Expenditures and Obligations by Input

CATEGORY AMOUNT
Salaries/Wages $373,350
Fringe Benefits 24,853
Consultants 3,990
Network 75,000
Travel/Subsistence 34,050
Participants 75,000
Freight 518
Publications 7,764
Equipment/Supplies 84,002
Subcontract 38,711
Vehicle Lease 2,103
Overhead 99,659

TOTAL $821,000

Expenditures and Obligations by Output

CATEGORY AMOUNT
Network $410,520
Training 205,260
Germplasm 82,104
Inoculant Delivery 82,104
Delivery Technology 41,053

TOTAL $821,000

18



APPENDIX I

FIGURES












FIGURE 7

TRAINEES
Funding

Duration Source - Totual (T)
Intern Trainees Country (in months) - NitTAlL shared (8S)
Edemur Brosce Brazil 1 MIRCEN - T
Alfred Donawa Trinidad 2 NifTAL - T
August Hartman USA 7 USAID - T
Omar Hidayat Indonesia 3 NifTAL - T
Chandini Mudannayake Sri Lanka 3 Na fTAL - T
Ranbir Rewari India 2 ICRISAT - S
Ponnampalam Thirokkumaran Sri Lanka 3 NifTAL - T
Chapingo Course Participants

Name Country Sponsorship

Eduardo Lopez Alcocer Mexico Colegio de Postgraduados
Ana Laura Sanchez Arreguin Mexico Colegio de Postgraduados
Adolfo Dogoberto Armenta Bojorguez Mexico Cclegio de Postgraduados
Maria Guadalupe Tsuzuki Reyes Mexico Colegio de Postgraduados
Ana Margoth Chavez Andrews Honduras NifTAL
Reina Gabriella Flores Nunez londuras NifTAL
Judith Irene Ta Rosa la Rosa Peru NifTAL
Humberto Jose Cornejo Panama NifTAL
Oscar Acuna Navarro Costa Rica NifTAL
Carlos Humbcerto P, Jaramillo Ecuador NifTAL
Francisco Ruiz Nicaragua NifTAL
Abel de¢ la Cruz D, Guatemala NifTAL
licctor Rafael Reynoso Rep. Dominicana NifTAL

MARDI Training Course Participants

Name
Chirasak Arunsri
Tran Phuoc Duong
Abd. Karim bin Abd, Ghani
Saidotul Majni bin Mohd. Hashim
Fuzoyuh bin [brahim
Tan Guan Kok
Noorani Malik
S. R, Murthy
Sakuntala Nand
[smael I'. Poerboyo
Tini Prihartini
Venkat Reddy
Mohd. Shahjahan
S. Sivasubramaniam

Country

Thailand
Vietnam
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
India
Fiji
Indonesia
Indonesia
India
Bangladesh
Sri Lanka

SEonsorshiE

NifTAL

UNESCO

U. of Kebangsaan
MARDI

Rubber Rescarch Inst,
Rubber Rescarch Inst,
Ind. Sector Dev.

Rural

Ni fTAL
Ni frAL
NitTAL
NifTAL
Ni fTAL
Ni fTAl
NifTAL



FIGURE 8

FIGURE 9

Immunofluorescent staining of treated nodules as affected
by dilution of the fluorcescent antibody*,

Nodule treatment and fluorescent antibody dilution

Nodules of Frozen

R. phaseoli

(TAL 182)

K. meliloti

(TAL 380)

R. japomicum

(TAL 379)

Khizobiien sp.,

{TAL 620)

R. lepiminosaren

(TAL 634)

K. loguwanosarm

(TAL 638)

Khizobium sp.

TAL 1148

28°C for 4Bh

4

16

32

nt

4

16

64

16

16

70°C for 48h

Desiccated
_over silica-gel

4

16

16

nt

*Dilution of the fluorescent antibc ly was done with 0.2M phosphate
buffered saline.

Test for retention of specificity of bacterolds from oven-dried
nodules by imrunofluorescence staining,

Fluorescent antibody of:

TAL TAL TAL TAL TAL TAL

Antigen® 102 169 209 309 3719 1371

R. japoniciem B! 4 - - - - -
TAL 102 c 4+ - - - - .
Bl ae - - . - .

Rhimobiwm sp, B - 44 - 44 - -
TAL 169 C - 4+ - 44 - -
B - 44 - 44 - -

Rhizobitm sp. B - - 44 - - -
TAL 209 C - - X - - -
1] - - 4 - - -

Rhizobiwm sp. B - 3e - 44 - -
TAL 309 C - 4 - 44 - -
B - 44 - 44 - -

R, Japo-iowm D - - - - 44 .
TAL 379 C - - - - 4+ .
B - - - - 44 -

Rhimobiwm sp. B - - - - - 34
TAL 1371 C . . . . . 2
I - - . . - i

*p! Bacterolds from nodules dried at 70°C for 48h,

B! Dacteroids from nodules dried at
in vials without desiccant.
C Laboratory cultures cells,

70°C for 48h and stored

for 12 months



FIGURE 10

FIGURE 11

Immunofiuorescent staining of bacterolds from dried and desiccated nodules

previously kept under storage for 12 months,

Nodule treatment § immunofluorescence*

Nodules of: FA ] o DelecPted Ty Leuree
dllution 28°C 70°C over silica-gel cell-control
WOE 0 e e "
o -
?+A{a§$g§own 10 44 nt ' 4¢
Mo e e e -
e .
Iz:mtegx;;;:noeam 4 4+ 4 2¢-44 4
Rhisobiwm sp. 4 4 4 a4 44

(TAL 1148)

tNot tested.
*Twelve nodules were

Immunofluorescent staining and agglutination reactions of bacteroids from oven-dried (70°C)
root nodules previously stored under various conditions.

examined for each treatment; fluorescence grading: 1+ dull,
2+ yellow-green, 3+ bright yellow-green, 4+ brilliant yellow-green,

Agglutination titers with homologous

Immunofluorescence (IF)? antiserur! (1 in _)

Previous Cultured ] Cultured

storage Nodutes of cells Bacteroids cells Bacteroids® Bacterojdse*
I X ‘“
3 ?%A{agggguum 4 4+ 400 400 400
s i . .
3 '(?i,A{“Pl’g'z‘;'cw" 4 as 800 400 400
o e “
3 l:?:tol;(t)l;';' sp. 4 24244 6400 1600 800-1600
3 ’;?;223'0’)" s as as 800 ntt 200-400
3 !ghwt;;l)m ip. 40 44 3200 200 200
C 8

-

l-nodules dried at 70°C for 48h; 2-nodules dried at 70°C for 48h and stored in open-vials for 9 months at room

temperature (28°C); 3-kept frozen for 1-2 years then dried at 70°C for 48h; 4-refrigerated for 1 year then
dried at 70°C fur 48h,

yellow-green,

-

Not tested

[F with 1:8 diluted FA; fluorescent grading:

Antiserum prepared against i.poratory cultured cells,

Steamed bacteroid antigen; ** unsteamed bacterold antigen

1+ dull, 2+ yellow-yreen, 3+ bright-yellow-green, 4+ brilliant



FIGURE 12 Identification of two strains of R. japonicum (TAL 379

and TAL 102), applied as a mixed inoculum, in fresh and
oven dried nodules by immunofluorescence (IF) and
agglutination (Aggln).

Condition of nodule and method
of identification -

Fresh nodule Dried nodule Dried nodule
(1F) (IF) (Aggln)
Nodule TAL TAL TAL TAL TAL TAL
number 379 102 379 102 379 102
1 44%* - 4+ - 4x%
2 4+ - 4+ - +
3 4+ - 4+ - + -
4 44+ - 44+ - + -
5 4+ 4+ 4+ 4+ +
6 4+ - 4+ - + -
7 4+ - 4+ - + -
8 4+ - 4+ - + -
9 4+ - 4+ - + -
10 - 4+ - 4+ - +
11 - 4+ - 4+ - +
12 4+ ~ 4+ - + -
13 - 4+ - 4+ - +
14 4+ - 4+ - *+ -
15 4+ - 4+ - + -
16 4+ - 4+ - + -
17 4+ - 4+ - + -
18 - 4+ - 4+ - +
19 4+ 4+ 4+ 14+ + +
20 44+ - 4+ - + -
21 4+ - 4+ ' - + -
22 4+ - 4+ - + -
23 4+ - 4+ - + -
24 - 4+ - 4+ - +
25 - 4+ - 4+ - +
26 4+ - 4+ -- + -
27 - 4+ - 4+ - +
28 4+ - 4+ - + -
29 4+ - 4+ - + -
30 4+ - 4+ - + -
31 4+ - 4+ - + -
32 4+ - 4+ - 4+ -
33 - 4+ - 4+ -
34 4+ - 44 - + -
35 4+ - 44+ - + -
36 4+ - 4+ - + -

*Bright fluorescence.
**Strong agglutination.
-No agglutination or no fluorescence.



FIGURE 13

CULTURE REQUESTS - 1981

COUNTRY NUMBER OF REQUEST NUMBER OF CULTURES SENT
Argentina 3 2
bolivia 3 29
Brazil 1 1
Canada 1 6
Chile 1 3
China 1 3.1
Colombia 3 11
Dozinican Republic 1 3
Tngland 4 8
Eguador 3 7
Guyana 2 11
Hawaii 1 9
India 12 47
Indonesia 1 12
Japan 1 5
Malaysia 3 15
Mauritius 2 30
Mexico s 39
Puerto Rico 1 9
Senegal 2 10
Somalia 1 -
Thailand s 26
Uganda 1 2
Venezuela 3 71
West Germany 2 9

FIGURE 14

LIST OF ANTISERA STOCKED FOR IDEWITIFICATION OF 35 INLIT STRAINS

LEGUME SPECIES TAL NUMBER Agg.!} 1.D.2 Fa’ GG~
ArQOhIE FLr0JQed 1000 A X
109 X X
15371 X X
Cevtrccema pubescens 651 X
655 X x x
1146 X
Cieer arictinum 620 X X X
480 X X
1148 X X X X
Lesmodium wneinatus 569 X X X
1147 X
667 X
Glycine max 102 X X X
377 X X X
379 X X
Lens eulinaris 634 X X
638 X X X
640 X X X
Leucaenc leucocephala 82 X
1145 X
582 X
Medicago sativa 380 X X
1372 X X
1373 X
Phaseolus vulgaris 182 X
1376 X
1383 X
Stulosanthes guianensis 308 X X X
310 X X X
658 X
Vigna radiata 441 X
420 X
169 X X
Vigna wnjuiculata 209 X X
173 X
658 X

! Antisera for Agglutination
Antisera for Ilmounodiffusion

3 Fluorescent Antibodies

“ Purified Gammaglobulins



FIGURE 15

Effect of different diluents on the growth and survival of
R. phaseoli (TAL 182} in autoclaved Nitragin peat during long
term storage at 28°C,

I,nglo Number of Viahle Cells g=! Mnist Peat

0 2 8 16 24
------ Weeks after incorporation in peat -eece-wee
DILUENTS
Sterilized Dejonlzed Water 1,41 9,18 8.07 7.57 7.50
25% Yeast-Mannitol Medium 4,85 9.40 B.14 7.86 7,59
25% Yeast-Water Mcdium 4,92 9,14 8.07 7.64 7.39
25% Yeast-Sucrose Medium 4,81 9,53 7.99 7.73 7.46

FIGURE 16

Effect of different diluents on the growth and survival of
R, faponicum (TAL 102) in autoclaved Nitragin peat during long
term storage at 280C,

Lo
RIO

Mimher of Viable Cells g=! Moist Peat

0 2 ] 16 24
------- Weeks after incorporation in peat <eevo-oo-

DILUENTS
Sterilized Deionized Water 4,68 8.11 9,32 9,29 9.18
25% Yeast-Mannitol Medjum 4,76 7.93 9,26 9.16 9,10
25% Yeast-Water Medium 4,75 8,02 9,35 9,13 9.25
25\ Yeast-Sucrose Medium 4,67 B.54 9.3 0,40 9,26




FIGURE 17

Growth and survival of Rhizohia in inoculants prepared
from autoclaved Nitragin peat and deionized water dfluted
liquid culture,

Log Number of rhizabia g" Moist Peat after (weeks) Difference for
10 SigniFicance
(Bayes LSD, p=0,05)

Rhizobium Host Legume

~
(2]
@™
=

Rhtisobium sp, Lewcaena 9,45 8,92 8,70
AT . . . 8,23 0,21

R?‘iﬂo??:" SE V. wguiculata 6.26 8.29 a.14 8.88 NS*
N LM .

B {033:;1‘010" 6o max 9.77 9,72 9,51 9.31 0.07
. LR

f, meliloti M. rativa 9.62 9,77 9.11 5.70 0.19

(TAL 350)

Rhiaokium sp. .o
(TAL 620} €. artetinm 9.41 2.61 9,30 8.94 0.19

Rfu'aohiwn Sp. Calopo, mucunoides 9.41 9.45 9.22 9,01 NS*
TAL 651
R. phasroli :
i Fho vulgari 35 . 9, . .
TTAL 1376) fe vucgaria 9.3 08 8.10 7.67 0.19

NS§* = not significant

FIGURE 18

Growth of Rhisehiwn in premoisturized autoclaved peat?*

log  Number of rhizohia g=! moist peat after (weeks) Difference for
10 Significance
(Bayes LSD, p=0.05)

Rhizobium Host Leguie 2 S 8 16

Rhizobium sp. Leuraena 0 0 0 0 0
[TACTR)™
Ry_Japonigien G, maz 8,76 B,74 9.47 8,97 NS¢
(TAL 192)
Rhiaobium sp. V. unguiculata 6,81 8.09 9.1 8.98 0,75
(TAL 169
R. rhaseolt F. vulgarie 6,39 7,97 8,55 b.13 0.38

TAL 1RZ)
Lo maliloti M. nativa 9,47 8.83 9,33 4.1 0.78
(TAL 3R
rhiaobiien sp, Cicer arietinim 9,72 9,23 8,91 4,67 0,06

(TAL 620)

lihizobtiom sp, A. hypegaea 7,76 8,98 9,74 3,29 0,83
(AL too0y

* NS + not significan*
** Peat inoculants were preparcd hy injecting 4.5 ml of liquid culture
fnto 100g of premoisturized peat,



APPENDIX 11

INLIT EXPERIMENT "B OUTLINE

TITLE: Experiment B, Selection of Strains of Rhizobiwn for
Local Lepume Varicties

1st Section:  Experimental philosophy
Soil collection and preparation
Experinental design
Location of experiment
Treatments
Inuculiation procedure
Planting procedure
Maintenance of the experiment
Harvesting
Supplemental experiments

2nd Section:  Appendices:

Calculation of plant spacing and fertilizer rates
Setting up a "B" experiment

Support from the NifTAL Project

Flow chart fur Experiment B

‘

3rd Section: Data Sheets:

Details of Network Experiment B
Inoculant Pata Sheet

Harvest data sheets 1"

Harvest data sheets "2"

APPENDIX III

COLLABORATIVE RESEARCH ON INLIT "B' EXPLERIMENT

(1) With J. Hartman, Africa Bureau, USAID (NifTAL traince)

The ahility of the Asian soybean variety N-29 to nodulate with
some local cowpea species rhizobia has been confimmed. Corsses of
this cultivar with improved 0.5, cultivars have heen carried through
to the F2 generation and these are being tested for agronomic and
microbial characteristics,

{(2) With Lester Nakama, University of Hawaii

Estimares have been made of the input of N by various N-fixing
components for taro in Hawaii,

Seminars have been presented on various aspects of this research
at the University of Hawaii; the Pacific region Plant Physiology
Conference; Ain Shams and Cairo Universities, Egypt; II1TA, Nigeria;
ISRA and ORSTOM, Sencgal,
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PUBLICATIONS AND PRESENTATIONS



PUBLICATIONS AND ABSTRACTS

Cassman, K,B., A,S. Whitney, and R,L. Fox, 1981, Phosphorus
Requirements of Soybean and Cowpea as Affected by Mode of N
Mutrition, Agron. J. 73: 17-22, :

A field experiment was conducted on a tropical soll
(Humoxic Tropohumult) with a high P sorption capadty
to compare the critical external and intemal P require-
ments of swybean (GI n;ax) (L) (h‘lmc& ;ndllc'owpa
Vi, unguiculata (L) Wa as affect y the pre
((loni‘r:lm mode of N nuln'llo% duri growth ¥hc
experiment had a split-plot design with two N-level sub-

lots established within cach of six P-level mainplots,

hosphorus treatment ranged from 0.0013 (unamended
soil) to 0.08 (1,880 kg P/ha) pzg P/ml in 0.01M CaCl,
solutions equilibrated with so0il for 6 days Nitrogen
levels were cither deficient (plants primarily dependent
on N fixation) or suffident (N fertilizer supplied at
rates sufficient to satisfy the crop N requirement). Nitro-
gen-fixing soybeans ll’?llil’td 750 kg P/ha to obtain a
909, relative yleld which was 320 kg P/ha more than
that required by N-cuPIE;icd plans to obtain a com-
parable relative yicld. ¢ P concentration of N-fixing
soybean plants was aignificantly lower than that of N.
supplied plants at all levels of aplflicd P [lerstilizer. The
external P requirement and tissue P concentration of cow-
pea were unaffected by soll N level. The data show that
cowpea was more tolerant of P stress than noyban,;re-
dally when ndent on N fixation, The cowpea culd-
var grown without P or N fertilizer yielded 72%, of the
maximum yicld obtained at optimum P levels while the
comparable relative yield for the soybean cultivar was
289,. We conclude that (1) some N-ixing grain legumes
can make respectable yields with little or no P fertilizer
while others might not and, (il) screening N-fixing grain
legumes for tolerance to nutrient stress should be oon.
ducted on N-dclicient wil to insure that nutritional re-
quirements are ascssed for the N-lixing plant, espedially
on the highly weathered soils of the tropics.

Davis, R.J., J. Halliday and P, Somasegaran, 1980, An
International Network of Legume Inoculation Trials, Pro-
ceedings American Society of Microbiology.

Davis, R.J,., The Impact of Training in Biological Nitrogen
Fixatvon Technolagy on Agriculture in Developing Cowntries,
Caly Workshop Proceedings,

A survey was conducted to assay the iapact that training
1in Riological Nitrogen Fixation has made in developing coun-
tries, Since our prime interest was to evaluate training of
the type presently available, only training conducted within
the past ten years was evaluated,

Questionnaires were developed and sent to all identi-
fiable former trainees and to the directors of institutions
using these trainees, As of our cut off date there had
been a 51V response from former traincees and 41% response
from institutions, The results have been tabulated and will
form the basis for the discussion on the impact of training,

Halliday, J., 1981, Rhizobium Relations of Tropical Legumes
in Tropical Seils and Implications for Transfer of Agro-
technology. Benchmark Suils Project Workshop.

A technology is available for establishing effective
nitrogen-fixing symbioscs between legumes and rhizobia,
It involves application of Khizoblum bacteria either to

legume seed-coat prior to planting, or directly into
the soil in which the lepumes will be sown.

Since the specific rhizobial inoculants are marketed
on the basis of the legume species and variety with which
they are to be used and not based on the characteristics
of the soil into which they arc introduced, it is inferred
that the same incculant is expicted to perform equally
well at locatirns with different soil characteristics,

Leucaena ieucorcrhala is the only legume for wiich
the inoculant
Leucacna leucocephala is the only lepume fer which the
inoculant strain varies depending on the characteristics
of the soil into which it will be introduced. Rhizobiwn
strain CB 81 is recommended for leucacna grown in acid
soil and NGR 8 for alkaline soil. Some account is taken-
of the soil type in the inoculating procedure. In general,
lime-pelleting of inoculated legume seeds in advocated for
plantings in acid soils, though some some authorities con-
sider it uinecessary and even harmful to lime-pellet
alkali-producing strains of tropical rhizobia, Results
from field trials of strains of Rhizobium for tropical
forage legumes at two sites in Colombia and of rhizobia
for Phasecolus vulgaris at two sites in Hawaii are used
to illustrate the influence of soil and environment on
legume response to inoculation and the relative perform-
ance of strains introduced to similar and different soils.
The feasibility of taking account of soil character-
istics in development of inoculntion recommendations and
the possibility that performance of inoculants could be
predicited on the basis of Suil Taxonomy are discussed.

Halliday, J.. 198B0. Biological Nitrogen Fixation: Its
Potentinl in Tropical Soils. An Office of Technology
Assessment Workshop, Background Papers for Innovative
Biological Technologies for Lesser Developed Countries,
Report Prepared for Committee on Foreign Affeirs, U. S,
House of Representatives.

The technology for establishing effective nitrogen-
fixing symbioses between legumes and rhizobia involved
application of Rhizobiwm bacteria either to the legume
seed-coat prior to planting, or directly into the soil in
which the legumes will he sown. Specific rhizobial inoc-
ulants are marketed based on the species and varicty of
legume with which they are to be used. Inoculant recom-
mendations are not based on the characteristics of the
soil into which they are introduced. The same inoculant
is expected to perform equally well at locations with
different soil characteristics, Leucacna leucoecephala
is the only legume for which the inoculant strain varies
depending on the characteristics of the soil into which
it will be introduced (Rhizobiwm strain CB 81 for acid
soil and NGR 8 for alkaline soil)., Some account is taken
of the soil type in inoculation procedures. 1n general,
lime-pelleting of inoculated legune seeds is advocated
for plantings in acid <oils though it may be unnecessary
or even hamful to lime-pellet strains of tropical rhizobia
that produce their own alkalinity, Results from lahoratory,
greenhouse and field trials of strains of Khtzobfwm and
inoculation techniques for tropical forage legumes in
Colombia, and of rhizobia for Fhaseolus vulgaris in Hawaii,
are used to illustrate the influence of soil and environ-
ment of legume response to inoculation and the relative
performmce of strains introduced to similar and different
soils, Concern is expressed over the non-predictability
of strain performance and inoculant response at different
locations, The possibility that performance of inoculants
could be predicted on the basis of fuller understanding
of soil factors is discussed,






Halliday, L., 1980. Agrotechnologies Based on Symbiotic
Systeas that Fix Nitrogen. In.proceedings of the Sixth
International Congress on the Global Impacts of Applied
Microbiology. University of Lagos, Nigeria.

Greatest future potentiul would appear to rest in the development of:
legure-based pastures and viable multiple-cropping systems including

legumes for under-utilized savannahs; agrofrestr-y systems that combine
fast-growing, nitrogen-fixing trees, leguminous .nd other CTrops to meet

the food and fuel requirements of the rural poor; fast-growing leguminous
trees for reclothing water catchment areas following forest clearance;
legume-based cropping systems to give sustained productivity in cleared
Jungle soils which typically exhibit a rapid decline in fertility under
conventional cropping; selection of deep-rooted, drought-tolerant leguminous
trees that can serve as browse species in the world's dry lands.

The major constraints to full implementation of legume-based BNF technology
in the tropics relate to the delivery and acceptability of the technology
at the farz level, and are political, cultural, socioeconomic and, to a
lesser extent, scientific in nature. The major scientific constraint is
inadequate understanding of host legume x rhizobial strain x environment
interactions resulting in inability to predict whether a given legume will
respond to inocula*ion 1in a particular region or not. A coistraint to
deriving a better understanding of these interactions is the lack of
trained personnel in the tropical regions to execute legure inoculation
trials for fetermining the economic yield benefit attributable to legume
inoculation. A lack of domestic inoculant production plants in the
mz2)ority of countries also constrains research, development and production
enterprises with legumes.

The scenario in which legume-based BNF technology would realize its
potential would include: increasing economic and political pressure for
greater energy efficiency in agriculture; increased recognition, by

decision makers in funding agencies and in governments, of the potentials
for exploiting BNF in the agricultural sector of the ecoromies of developing
countries; an increase in the cadre of trained professionals and technicians
in countries of the tropics; improved integration of legume germplasm
improvement programs and legume bacterivlogy programs; concerted application
of international funding to catalyze establishment of a BNF Resource Center
staffed, equipped and budgeted to provide technical assistance, offer
germplasz and information services, provide professional and technical
trairing and conduct such research as may be necessary for adaptation of

BNF technology to individual needs of developing countries but which is
beyond the current capability of local researchers; improved opportunity

for int~rchange of findings from field research programs; implementation

of a competently executed sequence of ctandardized experiments designed

to quantify the economic yield benefit attributable to legume inoculation
under field conditions and followed up by studies to quantify the nitrogen
balance in multiple cropping systems that include legunmes.

Legume inoculation does not substantially affect the need for farm labor.
The inoculation is accomplished as an integral part of the sowing method
whether by hand or mechanized planter. If fertilizers are normally
applied, elimination of the need for nitrogen reduces the capital cost
out no substantial labor saving is realized as other fertilizers still
need to be applied. The use of legumes to benefit companion or following
€TOpPsS 1s consistent with tne rarming systems already prevalent in the
tropics. To use legume-fixed nitrogen for, as an cxample, cereal pro-
duction in the U.S. would necessitate adoption of mixed-cropping systems
that are not easily mecharized. Thus an increased demand for labor
would be an impact. The =zajcr positive impacts of BNF technology are
indirect through elimination of the multitude of negative environmental
impacts associated with nitrogen fertilizer production, distribution and
use in agriculture.

Legume crops are especially attractive when sustained productivity is
sought from low-input farming systems in the tropics and subtropics
because of their unusual ability to be self-sufficient for nitrogen
supply. Life on earth is dependent on transformations of atmospheric
nitregen to a form in which it can be absorbed from soil by plants for
protein synthesis. The process can be accomplished industrially but

at a very high energy cost. Biological nitrogen fixation (BNF) by
symbiotic associations of plants with microorganisms is cconomically
7ore sound and environmentally more acceptable than nitrogen tTertilizer
use 1n agriculture

Agrotechnology based on BNF by legumes has two facets, the use of legumes
and inoculant tecknology. Currently legumes are used in many systems
without any specific attempt to maximize their nitrogen fixation through
inoculaunt technology. Yields can be increased and nitrogen fertilizer
requirements reduced through implementation of appropriate inoculant
technology. Maximun gains from BNF in agriculture will arise from
innovative use of legunes in areas and in roles they have not occupied
previously, provided that their nodulation and nitrogen fixation is
assured. Most legumes in the tropics "fix'* about 100 kg/ha/year of
nitrogen with levels around 350 kg/ha/year common for the forage tree
leucaena and fixation as high as 800 kg/ha/year within the potertial of
some species. Fertilizer savings through the use of legumes represent
not only significant savings in foreign excharge but also reduced
dependence on the oil-rich nations whose influence over the cost and
availability of nitrogen fertilizer is increasing.

The use of legumes involves the management of legume species in farming
Systems not only for direct benefits accruing from the multiple uses of
legume products and the greater stability of mixed-cropping, as opposed
to monocrop systems, but also for indirect benefits arising from their
ability in some circumstances to make a net contribution of nitrogen to
the soil and thereby to companion or following non-leguminous crops.

The underlying objective of incculant technology is to introduce sufficiently
high numbers of preselected strains of rhizobia into the vicinity of the
emerging root that they have a competitive advantageover any indigenous soil
strains of lesser N-fixing ability in the formation of root-nodules.
Inoculation technology involves: selection of strains of rhizobia that

are compatible and effective N-fixers with particulai legumes; multiplying
selected strains to high population densities in bulk cultures; incorpo-
rating the liquid rhizobial cultures into a carrier material (usually

finely oilled peat) for packaging and distribution; and finally, coating

the sceds of legumes with the carrier or implanting the soil with the
inoculant directly into the seed drill.

Legumes are already used widely and consistently, but as minor crops, in
farming systems of the tropics. Inoculant technology is in use on a
meaningful scale only in a few countries other than the U.S. and Australia.



PRESENTATIONS

Burton, J. 12/80. Discussion Leader. Field inoculation of Legumes: The
kinds and uses of high quality inocula, and the problem of indigenous
rhizobia. OECD Germ Plasm Workshop. Canberra, Aust.

Burton, J. 12/80. Presentation., Selection of Wide Spectrum Strains of
Rhizobia and Multiple vs. Single-Strain Inocula. 4th International
Symposium on BNF at Canberra, Aust. Proceedings to be published by
Prof. Vincent,

Burton, J,, 1/81. Invited Paper. Inoculum Production for use in the
Tropics. St. Augustine, Trinidad. To be published in University of
West Indies publication "Tropical Agriculture."

Davis, R. J., 9/80. Presentation. NifTAL INLIT Trials. All-India
Pulse Workshop, India.

Davis, R, J., 12/80. Paper. A Worldwide Network of Legume Inoculation
Trials. 4th International Symposium on BNF at Canberra, Aust. Proceedings
to be published by Prof. Vincent.

Halliday, J. 9/80. 1Invited seminars. Problems of Survival of Rhizobium

in Steps During its Agricultural Exploitation and Survival of BNF Technology
in the Face of Inability to Predict Legume Inoculation Response at a
Particular Location., X RELAR, Maracay, Venezuel:.,

Halliday, J. 1981, Invited Seminar. "Nitrogen-fixing trees - lots of
cggs---one basket.'" Rocckfeller Foundation, NY, NY.

Halliday, J. 6/81, 1Invited Presentations. Linkages and Contacts Available
to Peruvian BNF Researchers from Existing Networks of Service-Oriented
Institutions in the Tropics with a Mandate for Research Support and World-
wide Training Opportunities in Aspects of BNF Technology. NCSU Training
Course, Lima, Peru,

McNeil, D. 8/80. Invited to present 4 practicals and 2 lectures at UNESCO/
UNEP/WIECC/ TCPO/Ni fTAL/MIRCEN Training Course, Cairo, Egypt.

Somasegaran, P., 1981. Seminar. The Dilution of Liquid Culture of Rhizobiiwm
for Increasing the Production Capacity of Inoculant Plants. University of
Hawaii Departmental Seminar.



APPENDIX V STAFF TRAVEL

Staff Member Dates of Travel Destination Purpose
Joe C, Burton 11/7-14/80 Malaysia Lectured at MARDI Course
11/15-12/4/80 Thailand Visit Inoculant Plant & Research
Center at Univ. of Kasetsart
Australia Atterd 4th International Symposium

on BNF at Canberra
Attend OECD Workshop on Germplasm

1/4-8/81 Trinidad Attend Regional Workshop on BNF
3/7-15/81 Colombia Participate in Cali Workshop
6/23-7/5/81 Mexico Teach at Chapingo Course
Robert J. Davis 9/3-10/5/80 India/Pakistan/ Establish link:ges, follow-up,
Nepal plan experiments, Make contacts
Attend All-India Pulsc Workshop
10/19/80-1/8/81 Manilla Meet with cooperators
Sri Lanka MARDT Coursec
Australia 4th Symposium on BNF
Attend OECD Workshop on Germplasm
India Meet with cooperators
2/27-3/21/81 Colombia Participate in Cali Workshop
Jake Halliday 8/20-9/6/80 Nigeria Attend Global TImpacts of Applied
Microbiology Congress as invited
speaker
Meet with TITA/MIRCEN/UNEP/UNESCO
9/13-22/80 Venezuela Attend Latin American Rhizobium
Conference as invited spcaker
3/6-22/81 Colombia Participate in Cali Workshop
6/12-22/81 Peru/Mexico Present invited paper at workshop
Susan Harris 3/4-30/81 Colombia Participate in Cali Workshop
Heinz Hoben 7/8-31/80 Brazil Consult at
10/9-11/14/80 Malaysia Prepare, coordinate, and instruct
at MARDI Course
5/29-7/5/81 Mexico Coordinate Chapingo Course
Bill Kerrey 1/2-11/81 Trinidad Attend Regional BNF Workshop
1/15-2/2/81 Sri Lanka Represent NifTAL at INTSOY Conference
and International Wing Bean Seminar
3/5-4/8/81 Colombia Participate in Cali Workshop
Mexico Arrange for Chapingo Course
5/22-7/5/81 Mexico Manage Chapingo Course
David McNeil 8/30-10/18/80 Epypt/Nigeria/  Conduct MIRCEN/NiTAL Course

Ghana/Senegal / Arrange TITA/NITAL Course
Banjul/Ivory Coust Meet with INLIT cooperiators

3/h-22/81 Colombia Participate in Cali Workshop
Padma Somasegaran J0/15-12/20/80 Malaysia Instruct in MARDI Course
H/20-7/5/80 Mexico Instruct in Chapingo Course

Karcan Zukeran 3/5-106/81 Colombia Participate in Cali Workshop
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APPENDIX VIII
5-YEAR EXTENSION PLAN

TIME LINE AND PROJECT DESIGN SUMMARY






MILESTONE EVENTS

1975 1976 1977 1978 1979 1980 1981 1982 1983 198;4 1985 1986

OBJECTIVE 1:

RH1ZOBIUM GERMPLASH RESOURCE

(' COLLECTION MAINTENANCE ® 8] P K] ——— - - )
{6) STRAIN SELECTION B —mmemmm e . @ ©
(c) INOCULANT PRODUCTION ® [ -©
(D) CATALOGUING O[] T — @) --==eeenm- —————— --@ ©
() CULTURE SERVICE ® [@— ==meremmmcccnncea ©
(F)  INOCULANT SERVICE ® 1/ [ ——

Kev: [I] 500 sTrRatnss [Z) 1,000 strains: (3] 1,200 sTRAINS; [) INCCULANT RECOMMENDATIONS FOR PRIORITY LEGUMES; (5] INOCULANT
PRODUCTION IN REGIONS; [B] INTERIM CATALOGUE; [7] FULL CATALOGUE (1ST ED,); [B] FULL CATALOGUE (2ND ED. ), [T) STRAINS
AVAILABLE IN REG!ONS) INOCULANTS DISTRIBUTED IN REGIONS,

OBJECTIVE 2:

ANTISERUM BANK

(A) ANTISERUM PRODUCTION () EETEERRRE aj-- LT ()
(B) CATALOGUING ® 2o

(C) ANTISERUM SERVICE () P ———— 53] ©

Kev: [IJANTISERA FOR PRIORITY LEGUMES AVAILABLE, [2) CATALOGUE PRODUCED AND DISTRIBUTED; B]ANTISERA DISTRIBUTED AND
SPECIAL ORDER SERVICE FOR TARGET LEGUMES BEGUN,

OBJECTIVE 3:

INTERNATIONAL NETWORK OF
LEGUME INOCULATION TRIALS

(A) NETWORK OF FIELD TRIALS ®----- 58] 2 k4] 1) AR )
(B) SUPPORTING SERVICES ® R (5
(C) STATISTICAL ANALYSIS Q) ~emme- ©
(D) PUBLICATION OF RESULTS ® ©
(E)  PLANNING/PROBLEM SOLVING/

FOLLOW UP ’ ()] T — 3] i B 0O

Kev: [1)"A" experIMENTS; [Z]“B" EXPERIMENTSs 3] *C" EXPERIMENTS; (B] INTERCROPPING EXPERIMENT [B) PLANNING WORKSHOP (MAUI),
(6] cOORDINATING WORKSHOP (COLOMBIA); [7) REGIONAL PLANNING WORKSHOPS (3); (B) INTERNATIONAL WORKSHOP FOR REVIEW AND
PROJECTION.

OBJECTIVE_ 4:
INOCULANT DEVELOPMENT

(A) CHARACTERIZATION OF PEAT ® ©
(B) COUNTHY CARRIER INVENTORY ®

(c) ALTERNATE CARRIERS Q® --memaeees T @

(D) NUN-PEAT CARRIER ENRICHMENT ®
{E}  INOCULATION METHODS ®

Kev: {1]PuBLISHED LIST OF RESOURCESJmCARRIER EVALUATION BEGINS AT REGIONAL CENTERS,

slels

OBUECTIVE 3¢

NI1TROGEN CONTRIBUTION TO
CROPPING SYSTEMS

(A)  N-BALANCE METHODOLOGY ® ®©
(B) N-BALANCE CASC STUDIES (Y TR § |
(€) MAMAGING N CONTRITUION ® Q------ mmm——— [3) ~ennn- th
(0)  SoIL NITRATE EYCESSES ® --ve-- ©
(£) COMPETITIUN EFFECTS ® [B] ===emcennane- cmmemeann [B]
(+)  NovEL ASSOCIATIONS ® ------ @

Kev: [L1lbCutn w1upies AT REGIONAL CENTERs (2] PUBLICATION SHADE TRIALS; [3]BEGIN INVENTORY/STUDY OF LOCAL MANAGEMENT, () tMPoSE

NEW MANAGEMENT; (5] DIVERT EMPHASIS To INLIT; [G] REGIONAL STUDY OF COMPETITION IN SYSTEMS FROM (B); (Z) REGIONAL TESTING,

06 ©0©




OBJECTIVE 6:

LEGUME GERMPLASM RESOURCE

(A} ASSEMBLE SEED STOCKS

(B) COMPILE INFORMATION

(C) INCREASE/COLLECT SEED

(D) DISTRIEUTE SEED/INFORMATION

1975

Kev: [)+[5] ANNUAL SEED LISTS DISTRIBUTED,

OBJECTIVE 7:

EFFECT OF SoiL FERTILITY

(A} DEFINE TOLERANCES

(B) PHOSPHOROUS REQUIREMENTS

(C) SALINITY

(D) HYDROGEN IONS AND Al IONS

(E) TOLERANCES YERSUS BACKGROUNDS

(F) SCREENING YERSUS FIELD
PERFORMANCE

MILESTONE EVENTS

1978

KEv: [1]PRIORITY LEGUMES COMPLETE) [Z]PR!ORITY LEGUMES COMPLETE,

OBJECTIVE §:
EconoMIC EVALUATION
(A) FARM MODEL

(B) AVAILABLE DATA SURVEY
(C) ANALYSIS

OBJECTIVE 9:

REGIONALIZATION OF BNF SuPPORT
(A) IDENTIFYING COOPERATORS
(B) LOCATING RESEARCHERS

{C) PILOT INOCULANT PLANTS
(D) ASSISTANCE TO TRAINEES

Kev: (I} INSTALLATION OF PILOT PLANTS AT REGIONAL CENTERS,

O0BJECTIVE 10:

TRAINING MANFOWER

(A} GRADUATE TRAINING

(B) TECHNOLOGY SHORT COURSES

(C) EXTENSION WORKSHOPS

(D) INOCULANT PRODUCTION COURSES
(E) INTERN TRAINING

(F) TRAINING MATCRIALS

KEv: [A]HAWATL COURSE; [B)HAWAII COURSE; [C]HAWALL COURSE;
(G} CAIRO COURSE, [H]MALAYSIA COURSE; [T]MEXICO COURSE

(212}

1976 1977 1979 1980 1981 1982 1983 1984 1985 1986
Q- ——— ©
®------ -----©

® ©
V' O—O0—a—01 a-80
[ ©
® @ ©
® ©
® ©
® : ©
©® @
®-0
©O—0
®—0
®—0
: ®-0
®----memeneen -0 ©
® ©
©
@ € — BE-Ben-0—~Cr —I03 ©
® H]—0E—0
® B —@—0©
® ©
® ©

WORKsHOPS; (5] OUTREACH WORKSHPS) (6] REGIONAL CENTER

(D] Na1ROBI COURSE, [E] PORTO ALEGRE COURSE [F] PORTO ALEGRE COURSE;

4 [2) BANGKOK COURSE; [(ZIWEST AFRICA COURSES (W REGIONAL CENTER
COURSE; {7) REGIONAL CENTER COURSES,



APPENDIX IX

REVIEW TEAM REPORT



Report of Review Teaz orn Nirrogen Fixation Svzbici:c
Project 931-0613; Universiry of Havaii Contract AlD/ta-C-1207

Summary Findings

The review tesm strengly recommends that the projec: be continued. Derailed

findings are summarized below:

1.

II.

Project Administration

A. The project is to be commended for cthe quantity and quality of the staff and
their morale.

B. The integratien of NifTAL wirh University of Hawaii programs should
be izproved.

C. AID missions snould make betier use of NifTAL professionals.

D. The University of California, Davis subcomtract should be better
integrated into the overall project.

E. _'l'he establishment of an External Advisery Board for BNF activities at
the University of Hawaii is recommended.

Research

A. The emphasis on inoculum production techniques and the initiazian
of the INLIT program are motable achievements.

B. A viable data 2nalysis system for INLIT should be developed prior
te submission of a2 project renewal Tequerst.

€. Staffing requirememts need to be reassessed before expanding the INLIT
Program.

D. An expansioc of YifTAL research on tropical forage legumes is Tecoumended.

seminatien

Trainicg and Informatiem B

A. NifTAL sheuld be commended for its verldvide leadersh.p in Ruizobium
technology training.
B. The encourezement of other donors to provide trzining support funda and

reimbursemect for information services is recocnended.

IV. Outreach and Technical Assistance’

A.

AlD managemezt should take more initiative in assisting NifTAL's work
io LDC's through isproved information dissezination to field missions
and other donors.

The inclusion of a funding compoment for outreach in the developing

countries in the project remewal Tequest is recommended.



Report of Review Team on Biological Nitrogen Fixation Project (NifTAL)
Uriversity of Hawaii contract AlD/ta-c-1207

July 7-10, 1989

The project "Maximizing Symbiotic Fixation by Grain and Forage Legumes in

the Tropics™ has completed the f£ifth year of a six year contract. The review

tean made site visiTe S~ the Melvergipy o b znd to ¢he University cf
California (Davis) which has a research sub-contrac:. The purpose of the review
vas to assess project performance, to dere, and provide guidance oz project
direction and continuatian.

The review s.-- ~izously, thinks the project is oI kigh qualizy, and
is zaking a substantial contribution to the dissemination of koowledge and
saterisls to enbance the application of techniques for manipulating symbiotic
nitrogea fixation im tropical crops. The team strongly recommends that the
project be continued.

Several features of the project wvhich are particularly noteworthy and
exciting are:

1) Development of small scale low capital inoculum production lyn:.m

aa! the proposed consulting and advisory role of NifTAL on establishing

inoculant production facilities in LDC's.

2) The scientific competence and enthusiasa of the NifTAL staff.

3) The utstanding Rhizobiwm culture collection and availasbility

of this collection to BNF scientists worldwide.

4) The initial positive steps to develop and implement the International

Fetwork of Legume Inoculaticn triais.

Overview

The basic NifTAL program headquarters are on the ieland of Maui in building
leased from Maui county. This program, with a staff of thirty, is under the
jurisdiction of the Soils and Agroncay Department of the College of Tropical
Agriculture of the Dniv!tlit.y of Hawaii. The program also has a subcontract with
the University of California (Davis) on soil stress tolerance of geno*ypes of
legume hosts and Rhizobium.

Although somewhat isolated from the =zin campus of che University of Hauaii,
the Maui site is ideal f.o.r training activities and research on tropical legumes
aod Rhizobium. Sowe land is available for experimentation at the site and in
several nearby areas.

The team was impressed with the international leadership role of NifTAL in
scientific apd technical training of LDC personnel and a number of jits research
-c:ivi:.ie:. Indeed, NifTAL is, without doubt, & preeminant organization in

training activities on the practical aspects of the use of tropical legumes.

Adainistration

The team noted the dynamic leadership of Jake Halliday, who in a little
moTe than one year, has strengthened *the project with decisive, resourceful
and objective management.

The personnel a: Mcul are enthusiastic about the program and eahibitec
good marale. The project appears to be making good progrees and cerzainiy j.
Playing a2 leadership role in the training of young acientists and tecsnicians
in the implementation of nitrogen fizatirr techmology.

Th. team recognized a need for better integratioc of KifTil wi:z. Pros: s
at the University of Hawaii, although some recent progress bis been wude. wo

large AID supported programs, NifTAL and Benchoark Soils, ai: >otn inoates



the Department of Soils and Agronowy, placing a substantial burden on one
department. The University administration is considering the establishment of
ac interdisciplisary prograz for Biological Nitrogen Fixation within the College.
If so, NifTAL might fir easily into such a framework and be bepefited by it.

Several suggestions may be considered by the contractor which would establish
NifTAL more firmly within the usiversity fracework, anz overcome some of the inhereat
disadvactages due to irs relative geographicai 1s0lation. The Department or College
should be more actively involved in the recruitment anod evaluation of professionals
for NifTAL. Subsequently, tenure and promotion of these faculty members could be
facilitated. Procedures should be established so that current faculty members
in the Deparrment could =ore readily be used on a shorz-term basis in RifTAL
Prejects, particularly the Network acrivities. This would also contribute to
the depth of experience within the Departwment. Greater use night be made of
Strengthening Crant and Secrion 406 funds to further fazilitate integration.

Special attenrion must alsoc be Paid to the matter of departzental integration
of outposted staff of NifTAL. The Department should also be involved in the
recTuitwent and evaluation of graduate students. The above acrions also would
improve the lickage between basic research and field application.

We believe that the NifTAlL program has attracted a number of first class
professionals. Sowehow, these workers should be better kpown and made more
available to AID missions throughout the tropics through ac improved comeunication
system with AID. This actioa would improve AID's return on its investment by
extending the benefits of NifIAL talent and expertise o field missions, many of
which have programs in this srea. AID mechanisms would also be useful in participant
recruitment through advertising and scheduling.

The team recommend- the research subcontract with the University of California
(Davis) be better integrated into the Hawaii pProgram. Although the research pexr-

forzance at Davis is igpressive, both programs would gain substantially through

better comcunicatiocr. In the future the NifTAL progra=z could berefit by sigilar
subcontracts at other institutions for sooe of the more basic research cozponents.

Sudper and Firancial: The quality of project budget and ficancial c2nagement
2ucg J [

vas judged satisfactory by the teac. However, some suggestions might be considered
to even further increase returns from experditures.

Although the present syste= is adequate, planning and budgezirg by objective
vould make it easier to define the true costs of some activities. This is especial:
true for training programs. We believe that other sources of support for training
activities could be expiored (i.e., AID Missions, FAQ; other cational, bilazeral
anc multilateral agencies) once real costs for training are properly evaluated.

The teac favorably endorses the use of "The Research Corporation of the
University of Hawaii” asa disbursing vehicle for funds. This wechanisz has
certainly avoided some of the financial difficulties that frequently a2re encouaterec
through traditional university channels.

Earlier we recormended that NifTAL make greater use of University of Hawaii
faculty in short~term assigmments. This would bezmefit borh the Uziversiry arnd
NifTAL. To facilitate this activity the Uriversity of Hawaii should more clearly
define its policy to departments or the methods for transferring furds or line
items for salaries. In most uziversities this caz be accomplished in ome of
tvo vays.

1. When a_faculty member is working on a short-terc contrac: &ssigoment,

be rexzins on his university line and the depariment is reizbursed for

his salary froo contrazt funds. These monies cas then be used by tin

department for alleviating losses to the Program Irow thess tempcrary

absences.

2. A faculty mecber on & ehort-ters assigrment g

contract lime durirzg his atsence from toe regzula
The vacant srate lipe ca- tac¢a be used ot amcthper orsainrmes .

up for the texporacy loss.,



Exterzal Advissry Board: The tes= strongly recommends that an External

Alvisory Board for BNF activities &2 the Oriversity of Hawaii be established by
the Uciversity of Kawaii. This 50ard could be cocposed of natiozmal and foreign
sZiectists, as well as represenzatives of other user groups. The Board would
provide policy guidance to the University of Hawaii, improve the coordimation

with other groups working on citroges fixazion and enchance the opportunities

(2

"

other izmstitutions and PVO's to become involved in the Network activities.
This would be very izmportact as NifTAL ooves iato more country programs where

much could be gaiped by workiag through iastitutions (including AID-University

contracts) oow ip place.

Evaluaztior cf Research Efforts at NifTAL

The evaluation of research progress to date can best be seen in light of
the szated criginal ard contiruing project objectives as described below. Of
the fiwve, only No. & may oot be judged a major research item.

1) The developmen: of a collection of Rhizobium strains, including

stzains which have been varified and tested on targeted legumes
for distridbution o researchers world-wide.

2) Develcpmen: of aa improved inoculum delivery techaique to ensure
effeczive dependable £field inoculation.

3) Developoezt of i=proved techziques and cultural systems to exploit
more fully the nitrogen contribution of legumes in tropical cropping
aystems. .

4) Developoment of trainipg programs on applied research and techuology
of Rhizcbium bacteriology for technicians and scientists in tropical
countries, and

5) Develop a formal Network of cooperators in the tropics for field

tesziag of Ehizobium imoculants.

Maximum enmphasis and success has been achieved for objectives 1, &, and

Lesser activity and, therefore, less success has been associated with objectives

2, and ever less activity and development with objective 3. These differences

are recognized by the NifTAL staff and represent a decision on reaearch priorities

based oo budgerary and maapower constraints (see NifTAL Annuzl Report, 1978-79).

Research priorities supported all other training or outreach program acd by

necessity have a practical orieatation.

1)

2)

RBesearch progress relative to objectives are fﬁ::ber defined:
The developwent of a collection of Rhizobium strains.

The collection of Rhizobium isolates (currently 1,493 from B3 differen:
leguces species) provides a most valuable resource for BNF research and LDC use.
Use by LDC researchers of this collection is appreciable and will undoubtedly
increase wmarkedly in the future. This activity was necessary to supply the
best possible atrains for'the International Network of Legume Inoculation
Trails (INLIT) which are now just beginning. INLIT should provide a useful
vehicle to evaluate sowme of the more prﬁniling strains identified in the
collection under a variety of conditions. It is also the place where the
research on selection of Rhizobium strains tolerant to soil stress factors
(sub-contract University of Califormia at Davis) wvill receive field verificationm.

A delay in providing long-term storage of cultures by lyophilization
has occurred. Likewise, other research demands and a shortage of tecknical
help will limit the most desirable further evaluation and characterization
of strains for oumerous other properties and attributes. This is a common
constraint with all culture collections, not only the one at NifTAL.
Development of an improved inoculum delivery techanique.

KifTAL staff is to be commended for their consideration of aad partial
verification and development of low capital, low technology, small-scale

systems for inoculant production in LDCs. The planning for pilot studies












TABLE

1

Broading NifTAL's support base - Swwiary of Progivos,

Project

Source ol Funda

.1

detter indoculants for acid ia
fectile woils of tropice

Legume Rhizobiva Genopluaww fur
Tropical Soil Conditiona

An allelopathic interaction between
a graes and a legume

Nitrogeo fixing trees for agro-

forestry systems

Lnternational Warkehup on
BNF Technology

,
Participant training lpJnuurlhip
Bean/Cowpea CRSP

Apptopriate inoculation techaulogy
fur propagation of leguminous trees

Soil wanagement CHRSP

Pcumiscuity as & ool fur selecting

chickpes chizobia for India cond i -
tiona

USDA SEA/CR (USAID)
Ull Sectiou 406

USDA Cunpetive
Grante

ICRAF (Internutional
Council for Rewearch
in Agroforestry
CLAY 20,000

ICRISAT 25,000

USDA SEA/CR 57,000
UNESCO 8,000

UNESCY

USAID

USDA SEA/CR

USALD

USDA SEA/CR

ltalliday
Ualliday/
Stuckinger

Tong/thactholomen
Whitney/Halliday

alliday/taiv

Halliday

Halliday

lalliday

Nalliday

Halliday

Mcheil/Sandha

July, 1980

“;::;1;u Amount B
Funded 40,000 (Jyry)
on Lo ld* 195,000 (yyry)
Funded 23,000 (lyra)

Funding
probable

Funding
obliguted

Funding
osucsdible

Ul cacduded
by planners

Mepioposal
gpproved -
full proposal
pending

under review

not approved

200,000 (Jyra)

110,000

10,000
200,000 (3y1a0)

90,000 (3y1e)

undefined share of
integrated departmental

project

90,000 (lyus)

In addition to the above,NitTAL s

evdaluutions uf the inpacts of BNF technolugy = oue with the East-West (e

with Univeraity vf Minnesots (under USALID).

tunding level fw under negotiation.

NitTAL's ifnterneational travel i supploeme

Macch 1979, 1l liday hae visited Kenya (twice), Egypt (twice),

leelund, U5, mainland (twice), Puerty Ricu, Mexico (twice),

Thailand, ludia.

*This progoedl can now be sevubnitted following rece

ani an RCUN employer, can sct as Pr

(dollar value $20,000)

includul a8 o technical coutribuim

oted by awarda to lielliduy frum non-Ni[TAL sources.

in twu major wociv-economic

Since

utre (under NSF) and the other

hcect support to NilTAL is writteo into the project papers

ltuly (twice), France, Sweden, England,

incipal Investigutor on a grant to the University of llawall,

Columbia, Peru, Brazil, Austialia, Indonesia,

nt clarification that Halliday, as contract faculty

(one=tinwe)

(per yeur)



