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SUMIARY 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 Rhizobiun tech­
nology, promoting an international network of BNF researchers, and dissemi­
nating BNF information among scientists throughout tie tropics. The
 
integration of these service and research programs offers germplasm, tech­
nology, and trained personnel 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--especially for field-oriented research--were exchanged, 
and development strategies 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 Rhizobium in oven dried nodules by immunoflourence and
 
agglutination has been undertaken. The techniques also describe simple, low
 
cost methods of rodule preparation.
 

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 been 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 yeast-extract has been identified and preliminary results from work on
 
36 Rhizobium strains has yielded encouraging results; further work is underway
 
to use the liquid culture produced using the cheaper extract in peat inoculant
 
product ion. 

A variety of research has been completed incliding studies of
 
soybean inoculation effects, strain specific nitrate affects, quanti­
fication of symbiotic nitrogen fixation using uriedes, and chickpea
 
response to Rhizobitun inoculation. 
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The International Network of Legume Inoculation Trials (INLIT) continues
 
in Asia, Africa, and the Americas. Several cooperators were visited by the
 
NifTAL staff and many "A" experiments have been completed and returned. 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 of understanding were signed with
 
several organizations and informal memoranda were completed with both individual
 
cooperators and country institutions.
 

Training continued to be an important activity. Two, six-week training
 
courses in Rhizobium technology were undertaken. Th. first in West Malaysia
 
trained 14 participants from 9 countries. The second course was held in Mexico;
 
13 participants came from 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 technology; 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 were produced and disseminated. Technical documents and information were 
also sent to requestors from LDCs. 

Three audiovisual modules have been produced on Rhizobiwn 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. Popenoe, 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 BACKGROUND 

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

for companion or following crops. NifTAL's strategy is to:
 

1. 	Identify effective strains of Rhizobiumu;
 

2. 	Demonstrate the benefits of Rhizobiir 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 Rhizobium 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 effectively exploiting

the legume-Rhizobilun symbiosis, NifTAL objectives include the development
 
of:
 

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

2. 	Training programs on applied research and technology of Rhizobiwn
 
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 exploit more fully the
 
nitrogen contribution of legumes in tropical cropping systems.
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ANNUAL ACCOMPLISHMENTS
 

NETWORK CONTINUATION
 

African Network
 

The African region continues to function. Several cooperatol3; in t-he
 
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, stjlosanthes, 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 Rhizobizn. (See Figures 3and 4.) 

Participation of B. Kerrey in the Regional BNF Conference at 
St. Augustine,

Trinidad, in January 1981 resulted in the development of cooperative linkages

with University of West Indies and Caribbean Agricultural Research 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. (See Figures 5 and 6.) 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. 
 Researchers tend to
 
use their own data sheets and transcribe the data onto the NifTAL sheets which
 
slows the return of data to NifFAL. R. Davis visited several sites where experi­
ments have bren 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 three of those data sets
 
returned were handcarried by Davis.
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"B" Experiment
 

A "B" (strain testing) experiment has been produced and preoJreo 
.r

departmental approval (Appendix II.) 
The basic design has 12 trcptmn ts fol
 
comparing NifTAL and local inoculants under local conditions. The -xperi­
ment was designed in consultation with F. Cady, the Ni fIA, 
 .;t:ati stician,.
Three trial runs on various "B" experimental designs using Cto,' aox:::':,
Phaseolu z'ulgarls, and Cajanui cajan have been conducted at the Nilq,, ,
This work was done in cooperation with two Nif'PAL trainees to refine i&? r,

suitability of the experiment as well as to act as 
a learning experiecffc"

the trainee. 
 (See Appendix III.) The results suggested that at hn NIA 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 international
 
cooperators.
 

Linkages and Agreements
 

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

Participation in the Soybean Seed Quality Workshop presented by INTSOY

in Colombo, Sri lanka, January 1981, provided linkages with INTSOY internatinal
 
organizer Carl Ilittle and seed quality specialist J. C. Delo-.che, 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 research in the Philippines. 
 At the same time,

IWARR funded a country wide project of legume inoculation experiments. 

NifTAL prepared, at the request of the Bangladesh Council of Agricultural
Research (BART), a plan for implementing a country wide project in legume

inoculation research. 
 The current count for agreements is as follows:
 

Formal memorandum signed with central agency 
 I
 

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 
 I
 
and individuals
 

NifTAL leaves it to the descretion of the local government as to what
 
type of understanding to work under.
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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/NifI'AL Training Course 

A six-week training course in Rhizobizn 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 tile University of Malaysia (equipment) is acknowledged. 

The NifFAL staff combined with local organizers Mrs. Joy Sundaram, and 
Dr. N. 1'.Arasu, and additinal lecturers Dr. If. Foster (FAO consultant to 
MARDI), Dr. C. K. IHeng (Soil Scientist, MARDI), Dr. Mohd. Noor (Lecturer,

MAl), and Dr. Deane Weber, USDA. 

Th list of iarticipants may be found in Figure 7. 
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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 NiFI'AL 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 3ethods is needed. 

Three new exercises 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 exerci;es.
 

'I'he new Manual is close to completion and is awaiting the addition 
of more graphs and photographs before it ciai be released for review. 

The Spanish translation of the training manual was developed and 
publication was completed. 
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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 organi­zational 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 Develop­inent 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 immunofluor­excence and agglutination. The technique also describes simple low cost
methods of nodule preservation. 
Suitably equipped cooperators may pursue

ecological studies on Rhizobiun. 
 (See Figures 8 to 12.)
 

Rhizobium Germplasm
 

Over 1,500 strains of Rhizobiun are maintained at NifTAL. The col­lection 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 preservation 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 Rhizobiu used in inoculants for the INLIT trials.
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Audio Visual Programs
 

Three audiovisual modules have been produced. 
 (1) Rhizobium
 
isolation, (2) Rhizobiwn 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 ,aestionnaires on the original productions.
 

RESEARCH
 

Abstracts and information on research works are contained in
 
Appendix Iv.
 

TRAVEL
 

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

PERSONNEL
 

Staff personnel :ind 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 

1. Rhizobir 

Resource 

Germplasm la. 

lb. 

Maintain and expand collection 

Identify 3 strains of Rhizobiwn for each 

legume of actual or potential importance 

Controlled Rhizob7,wn germplasm 

collection 
Three field tested rhizobial 

strains 

ic. Produce legume inoculant on a pilot scale Stock of available inoculant 

ld. Catalogue of strains held in Rhizobiu 

Germplasm Resource 
Catalogue of all strains held in stock 

le. Provide cultures of Rhizobiwn on request Accommodated requests 

2. Antiserum Bank 

lf. 

2a. 

Provide rhizobial inoculants on request 

Develop antisera for identification of 
Rhizobiwn strains 

Accommodated requests 

Stock of antisera 

2b. Distribute catalogue on antisera held in 
serum bank 

Catalogue of antisera (draft) 

3. International Network of 

Legume Inoculation Trials 
INLIT 

2c. 

3a. 

3b. 

Distribute lyophilized aliquots of antisera 
on request 

Continue implementation of field trials 

Provide materials, technical advice, and 
analytical services 

Accommodate requests 

Agreements between NifTAL and LDCs 

to participate in the INLIT 

Provision of supporting services 



OBJECTIVE 


4. Inoculant Development 


5. Nitrogen Contribution 


ACTIVITIES 

3c. Perform statistical analysis and 
interpretation of results 

3d. Distribute INLIT results 

3e. Follow up on INLIT 

4a. Characterize attributes of peat as a carrier 

4b. Prepare inventory of peat resources 
accessible to developing country, upon request 

4c. Evaluate alternative carriers for inoculant 
for inoculant delivery 

4d. Test feasibility of enriching of products 
or wastes to enhance their suitability as 
carrier 

4e. Develop techniques for assuring successful 
inoculation under stresses 

Sa. Develop methodologies for quantifying 

N-Balance 

Sb. Employ methodologies (Sa, above) to study 
N-Balance of selected cropping systems 

5c. Access impact 
N- B a 1a! c e 

of management factors on 

5d. be ine 
excess. 

imnacr cF temporary s' i Iitregen 

OUTPUT
 

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 
,beg nning) 

[finit ini of N-excess impact 



OBJECTIVE 


6. 	Legume Germplasm 


Resource 


7. 	Effects of Soil Fertility 


S. 	Regionalization of BNF 


Support 


ACTIVITIES 


Se. 
 Describe competition effects that adversely 

affect N-fixation
 

5f. Test compatibility of novel associations of 

legumes and/or non-legumes with specified 

leguminous trees.
 

6a. 
Assemble stock of potentially importan~t 

legume seed 
for 	Rhizobium testing
 

6b. Develop data on origins and characterizations 

of target legume species
 

6c. Increase seed stock 


6d. Distribute seed catalogue and supply sample 


seeds upon request 

7a. 
 Define acid, salt, and phosphate tolerances 


of less-known legumes and their rhizobia 

7b. Survey phosphate requirements of rhizobia 


7c. Study salinity/legume interactions 


7d. Study hydrogen ion and Al 
ion 	interference 

with rhizobia 


8a 
 Identify cooperative institution in 3 LDCs 

prepared to 
host a regional BNF 
resource
 
center
 

plant at
8b. Install a pilot-scale inoculant production
each center 


OUTPUT
 

Reports from INLIT
 

Description of the associations
 
(draft)
 

Stock of seeds
 

Information collection
 

Stock of seeds
 

Accommodate requests and publish
 

catalogue
 

Three effective rhizobia for two
 

accessions of at 
least six species
 

Defined phosphorus requirements
 

of strains of Rhizobiwn 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
 



0
. 

4-J 
P4 

V
) 

tU
 

C
d 

Q
 

-H
 

t4

 

u
 

.-4 
U

 
r­

a1) 
4 

0 
0 

H



P4 
*Cr-

o -4
 
0) 

a0 
.0
 

0) 
V

)C
d 

-1r 
C

d 
ra

a
 

a)4-
Z 

. 
0) 

4-
Q

)
b

o
-

P
a 

4-) 
k
 

t4-4 
() 

0
 

0
'
.10 

H
 

C
(t 

4-40 

H
I
 

.
~
 

.
-
-

o
C



C
d 

u o
=

 
(n

 
0 

o 
4 

0
 

0 
od
 

-4
C

I 
bbi).H

 
U

) 
1-4
 

a) 
a) 

0
 

..­

0
4

 
c

d
 

o 
4
-
P

(1) k 
C

d 
C

. 
*
 

0 
0 

0


 

U
) 

V) 
*H

 
C

d 
U

 

*H
 

rb 
vi 

V
) 

W
J 

4-' 
4-

a 
P

f 
V

 
(1) V

)' 

a) 
>

 
0

L4..4~
d
o
.
*
H
 

* 
a

U
O

 
a) 

%
2,

;-4 
a) 

H
1 

a)4 a) 
W

d 
a) 

~ 
' 

C
d

 
-4 

V
)a0 

0 4-. 
E

pV
~

~
-I 

) 
'O

P
.

*H
 

a
a

) 

u 
T

J) 
4-1 

r-I 
I 

0
I) 

P
aj 

*) 
> 

aH
) 

a) 
4-4-C

 
a) 

J
 

-a) 

,I:; 
u 

(1 
Pa40 

0 
a 

W
p 

4-4"
a) 

() 

'0
~

 
~~~ 

o
n

.' 
40-4i
) 

0)0) 
C

) 
0)U

0
0 

x 

C
dC

 
-

0no 

a'> 
4X

 
0
,
 

o
n
 

4
-
.
,
u
-
4
 

'H
 

.4
..4

ct0 
n

 

.
M
4


 

F
--4 

w
 

(1)-4 

c 
C

-4
 a 

C
li 

4-) -H
 



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 
Antiserym 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 
'rrainntgi Key Personnel 461,672 

TOTAL $1,477,028
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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 318
 
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
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A D NAMESNHIROFILT A EXPERIHFENTS ~f 
OF QDUNT1ZILS WhICH SE' OUTTRIALS IN TIIIPAMERICAS NETWORK *- T 

FIGURE -3<'. 
TRIAL3M RO~RSS4, TRIALS COMPLETED :,corY '4 

20 Argentina' 

1 0 "Bolivi4. 

4 1 Brazil, 

1 0 ''Chile 

2 1Colombia 

2 0 Costa Rica 

2 1 ,Dominican Republic 

________ 1 0 ' rcaudor 

2 2 Guatemala ­ ,4 

40 Guyana 4 

7 3 Me~xico 

4 -... .I UPanama 

5 2 Peru ~44/ 
11 1.I Puerto Rico 

4 0 Surinam 

4 0 Trinidad 

7 S USA '' 

7 0 .Venezuela 

67 16- - TOTAL 

NUMBERSOF INLIT A EXPERIMENTS AND)NAMES 

- . .OF CROP1SIN 1111?AMERICAS NETWORK~ 
-. FIGURE~ 4 

IRIALS IN PROGRESS TRIALS COMPLETED CROP 

I I Aechn wn aricana 

6 1 Arczchis hypogaea 

4 0 Cajanua cajan 

2 0 Cen trocerk2 pubescenu 

I I Denmodiwn heterocarpw~n 

I I Desmodiuin intortun 

1 U Denmodtr "-i~folitn 

10 31 Glyine~i maX 

lB4 Leaucaena Uuuaocephala 

1- 0 Melicago sativme 

I -I PhataotUn teatimen 

2 0 Phaaeotun phaeaoloidea 

1I 3 Phozaeoiur vlgaia 

3 0 Styloarmthea guiaonenais 

I a Vgna raina 

3 1 Ptigna tinguiduata 

67 16 , TOTAL 
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FIGURE 6" 

Period only covers January 1, 1981-December 31, 1981 

f Data received as of Decemb~er 31, 1981 
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FIGURE 7
 

TRAINEES 

Intern Trainees Country 
Duration 

(iin months) 
Source 

Funding 
- Total (T) 
- NiMAL shared (S) 

Edemar Brose Brazil 1 MIRCIEN T 
Alfred Donawa Trinidad 2 NifTAL - T 
August llartman 
Omar llidayat 

USA 
Indonesia 

7 
3 

USAID 
N fI'AI 

-

-
T 
T 

Chundini Mudannayake 
Ranbii" Rewari 

Sri Lanka 
1ndia 

3 
2 

Ni FAL, 
1CRISAT 

-

-
T 
S 

Ponnanpalam 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 Bojiorguez Mexico Cclegio de Postgraduados
Maria uada lupe 'lsuzuki Reyes Mexico Colegio de Postgraduados
Ana Margoth Chavez Andrews ttonduras NifTAL 
Reina Cahriell Flores Nunez londuras Ni fTAL 
Judith Irene INaRo;a la Rosa Peru1,I NifTAL 
HIululbe r to .he Co rnoejo lanama Ni fTAL 
Oscar Acuna Navarro Costa Rica NifTAL 
Carlos lumberto P. .hramllo Ecuador NifTAL 
Francisco Rui:: Nicaragua NifTAL 
Abel du lga Cruz I). Guatemala NifTAL 
Hector Rafael Reynoso Rep. Dominicana NifTAL 

MARDI Training Course Participants 

Na me Country Sponsorship 

Chirytsak Arunsri Thai land NifTAL 
Tran Plhuoc Duong Vietnam UNESCO 
Abd. Karim bin Abd. Ghani Malaysia U. of Kebangsaan
Saidotul Majn bin Mohd. tHashim Malaysia MARDI 
Fu:zoyah i) I lrah imb Ma 1ays i a Ru)ber Research Inst. 
Tan (;Izaii Kok Malaysia Rubber Research Inst.
Noo rani Malik Malaysia Rural Ind. Sector lev. 
S. R. M1irthy Ind ia Ni fTAL 
Sakuiti al a Nand Fiji Ni fAL 
Ismael I. Poe rboyo Indonesia Ni fTAL 
Tin I Pr i hart i n i Indonesia Ni fTAL 
Venkat Reddy India NiFAL 
Mohd. Shahj ahan Bangladesh Ni fTAL 
S. Sivasubramaniant Sri Lanka NifTAL 



lFr1oflure.%cent staining of treated nodules as affected° FIGUREt 8 	 ijy dilUtjin of the fluorescent antibody . 

triatct 


liesiccated
 

. !c_!e ndtt fluorc:.,Let antihndy til utio~n 

icael
48h 70"C for 4hh ovesNodules of Frozen 28'(. for 

P. phzeeoZi 2 4 4 4 
(rAL 182) 

R. ,zi 0i 8 16 16 lb 
(TAL 380) 

R. jap(rtrm 16 32 64 16 
(TAL 379) 

HHhilan 51). 8 a 16 8
(TA!. 620) 

R. .
 4 8 16 n 

(TA!. 638) 
R.iujw 4 4t 
HhEZON14T Sp. 

1148TA!. 

*Dilution of the fluorescent antib, lywas done with 0.2M phosphate 
buffered sal ine. 

Test for retenion of specificity of bacterolds from oven-dried
 

nodules by inmrnofluorescence staining. 

FIGURE 9
 

Fluorescent antibody of:
 

TAL TAL TAL TAL TAL TAL

Antigen* 102 169 209 309 
 379 1371
 

P. japopostlin Bt 4# 

TAL 102 C 4. 
412 	 ­4-


Rhiobitm sp. B 44 4+ 
TAL 169 C 4+, 4+ -

B 4. 4+ 

thisobite" sp. 	 B - 4 

TAL 209 C 4. 
D 4-

Rhti obit, sp. 	 B 3, - 4, 
TAL 309 C 4, 4, 

B 4+ 4+ 

R. japo:c'1 	 B 4+ 
TAL 	379 C 4+ 

B 4. -

Phinobium sp. B - 3+ 
TAL 1371 C 4+ 

.P Bacterolds from nodules dried at 70'C for 48h.
 
B Bacterolds from nodules dried at 70C for 48h and stored for 12 months
 

in vials without desiccnrt.
 
C Laboratory cultures cells.
 



Immunofluorescent staining of bacterolds from dried ad desiccated nodules
 
FIGURE 10 	 previously kept under storage for 12 months. 

Nodule treatment &_immunofluorascence*
 

FA 	 Desiccated Cultured

Nodules of: dilution 28°C 70C over silica-gel cell-control
 

R. phoseoi 8 2+-4+ 4+ ntt 4.
 
(TAL 182)
 

R, melitoti 4 4+ 4, 4. 4+
 
(TAL 380)
 

R. Japoniolon 10 4+ nt 4+ 4, 
(TAL 379) 

Rhsmobiwn sp. 10 4. nt 4. 4+
 
(TAL 620)
 

B. teg uminonarun 10 4+ 4+ 4. 4+ 
(TAL 634)
 

R. egMinoearwn 4 4, 4+ 24-4+ 4+ 
(TAL 638) 

Rhisaobiwi sp. 4 4+ 4+ 4+ 4+ 
(TAL 1148) 

tNot tested.
 
*Twelve nodules were examined for each treatment; fluorescence grading: I+ dull,
 
2+ yellow-green, 3+ bright yellow-green, 4+ brilliant yellow-green.
 

FIGURE 11 Inmunufluorescent staling and agglutination reactions of bacteroids from oven-dried (70C) 
root nodules previously stored under various conditions.
 

Agglutination titers with homologous

2 	 3


Inrunofluorescence (IF) antiserum (I in.)
 
Previous Cultured Cultured
 
storage' Nodules of cells Bacteroids cells' Bacteroids* Bacteroids"
 

I R. japonicrir 	 4. 400 40 400
(TAL 379)
 

2 R. japonio m 4+ 4+ 400 400 400(TAL 379)
 

R. japoineu 4+ 400 400 400 
(TAL 379) 

1R.japonicLwn 4+ 4+ 800 400 400 
(TAL 102) 

R. jap.iiewr4 4 4+ 600 200 200
 

(TAL 102) 

3 RhizobiUwn sp. 4+ 2+.-4 6400 1600 800-1600 
(TAL 209) 

3 	 Fhi~bti sp. 4+ 4+ 800 ntl 200-400
 
(TAL 620)
 

3 	 Fphzobil sp. 44 2+-3+ 1600 Boo 800
 
(TAL 1145)
 

3 	 hhiZaoM.- Sp. 4. 4+ 3200 200 200
 
(TAL 82)
 

4R pH.UICi 4+ 2+-4. 800 nt 800 
(1tA 182) 

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

IF with 1:8 diluted FA; fluorescent grading: I+ dull, 2- yellow-green, 3. bright-yellow-green, 4+ brilliant
 

yellow-gleen.
 

Antiserum prepared. against t.ooratory cultured cells.
 

Steamed bacteroid antige',; 1" unsteamed bacteroid antigen
 

+ Not tested 



- -

102 

FIGURE 12 Identification of two strains of R. japonicwn (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
 
(IF) (IF) 
 (Aggln)


Nodule TAL TAL TAL TAL TAL TAL
 
number 
 379 102 379 102 379 


1 4+* - 4+ - +**. 
2 4+ - 4+ - +
3 4+ - 4+ - + _
4 4+ - 4+ - + _ 
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+ 4+ + +
20 4+ - 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+ - 4+ - + . 
35 4+ - 4+ - + .

36 4+ ­ 4+ ­ + _ 
*Bright fluorescence.
 

**Strong agglutination.
 

-No agglutination or no fluorescence. 



FIGURE 13 FIGURE 14 

CULTURE REQUESTS - 1981 LIST OF A.;iISERA STOCKED FOR IDE:NIIFICATIoN :r 35 ILIT STRAINS 

COUNTRY UMBIEROF REQUEST NMBER OF CULTURES SENT TAL N MBER I.D. 
2 

FA 
3 

LEGC E SPECIES TLN BR Ag .. A G 

":c'c:n ,-:~oja~ ~t1000 X X 

Argentina 3 
1371 X X 

Bolivia 3 29Ce'.' o'ees 651 X 

Brazil 1 1 
655 

1146 
X 
X 

x x 

Canada I Cicer c tnwm 620 X X X 

Chile 1 
480 

1148 
I 
IC X 

X 
X X 

China 

Colombia 

i 

3 
31 

Desrioditwn uLciatz.. 569 

1147 
667 

X 
X 
X 

X I 

Dominican Republic 

England 4 

3 

8 

GZycine r,= 102 
3377 

379 

x 
X 

X 

X 
I 

X 

X 
I 

Equador 

Guyana 

Haaii 

3 

2 

1 
2 

7 

11 
9Leucaena 

Lens cuZ inr.risS 

Zeucocep.aZa 

634 

638 
640 

821145 

X 

X 
X 

X 

X 

X 
X 

I 
I 

India 12 47 582 
X 
X 

Indonesia 

Japan 

Indonsa14 Med.cao sativa 380 
1372 

1373 

X 
I 
X 

I 
I 

al aysia 3 15 PhaseoZus vulgaris 1821376 X 

Mauritius 2 30 1383 
X 
X 

Mexico S 39 SruZosanthes guianenr is 309 X X I 

Puerto Rico 1 9 310 
658 

I 
X 

I I 

Senegal 2 VigrV0 radiata 441420 XX 

Somalia 

Thailand 
1 

S 26 Vi~gna unguiceuZata 
169 
209173 

X 

X 

X 

X 

Uganda 1 2 t58 X 

Venezuela 3 71 
1 Antisera 
2 Antisera 

for Agglutination 
for Immunodiffusion 

West Germany 2 9 
3 Fluorescent Antibodies 
4 Purified Gammaglobulins 



FIGURE 15 

Effect of different diluents on the growth and survival of 
R. phzazeoli (TAL 182) in autoclaved Nitragin peat during long 
term storage at 28

0
C. 

logl0 Number of Viahle Cells g-I Moist Peat 

0 2 8 16 24
 

-------- Weeks after incorporation in peat ---------
DI LUENTS 

Sterilized Delonized Water 4.41 9.18 8.07 7.57 7.50
 

251 Yeast-Kannitol Medium 4.fl5 9.40 8.14 7.86 7.59 

25% Yeast-Water Medium 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. Japonicwn (TAL 102) In autoclaved Nitragln pent during long 
term storage at 280C.
 

Log Nunber of Viable Cells g-I Moiqt Peat 

0 2 8 16 24 

--------Weeks after incorporation in peat ---------


DILUENTS
 

Sterilized Deionized Water 4.68 8.11 9.32 9.29 9.18
 

25% Yeast-Kinnitol Medium 4.76 7.93 9.26 9.16 9.10
 

25% Yeast-Water Medium 4,75 8.02 9.35 9.13 


251 Yeast-Sucrose Medium 4.67 8.54 9.1f. 9.40 9.26 

9.25 



FIGURE 17
 

Growth and survival of Rhizohia in inoculants prepared
from nutoclnved Nitragin pent and deionized water diluted 
liquid culture. 

1
Log Number of rhizobia g- Moist Peat after (weeks) 	 Difference for
 
Signi ficance
 
(Bayes LSD, p.0.051
 

Rhizubium Most Legume 	 2 3 8 16
 

laiobi'tt sp. beucaena 9.45 8.92 8.70 8.23 0.21
(TAI.82) 

17hiaoiwssp1 V. unguiculata 6.26 8.29 9.14 8.R8 NS*
 

R. 	 ,a .j. 9.77 9.72 9.11 9.31 0.07 

fl.meitoti M. Pativa 	 9.62 9.77 9.11 h.70 0.19
 
(IAI.3AO)
 

Rhittobitw sp. C. arietinin 	 9.41 9.61 9.30 8.94 0.19
 
(1AI, th21) 

RhihiUM S . Caopo. mueu'toiden 9.41 9.45 9.22 9.01 NS*
 
(TAL 651) 

R. 1t(2tl%'°l Pit.V tgoin 	 9.35 9.08 8.110 7.67 0.19 
i1A 131,2)' " ug'i 

° 

NS a not significant
 

FIGURE 18
 

Growth of Rhi ticbimin premoisturized autoclaved peat-

Log Number of rhizohia g-l moist peat after (weeks) Difference for
 
10 Significance
 

(Bayes LSD, p-0.05)
 

Rhizobium Host Legui.e 	 2 8 16 

IhizohhtM .sp.. rel-aent 0 0 	 00 	 0 


R oll G. max 8.76 8.74 9.47 8.97 NS* 
(TAL 102) 

I(,isobit sp. V. wtiqdetulata 6.81 8.09 9.31 8.98 0.75
 

R h s.oi P. I'l; rin 	 6.39 7.97 8.55 1.13 0.38 

I,. ,,Flotf'i M. qt 1,'a 	 9.47 8.83 9.33 1.11 0.78
 
IAI
L, 3(T) 

f -tiaahrzciCfeor arietinlon 	 9.23 8.91 4.67p. 	 9.72 
FIAL620 }	 o.06 

Ifhinrbitn sj A. hypcgapa 	 7.76 8.98 9.74 ).29 0.83
 
( I'AI, 
1000) 

* 	 NS , tot gignifican
 
Peat inoculantq were prepared hy injecting 4-5 ml of liquid ctilture
 
Into Molg of premoiqturized pent.
 



APPENDIX II
 

APPENDIX III
 

INLIT EXPIERIMENT "B" OUTLINE 

TITLE: 	 Experiment B, Selection of Strains of Rhinolbtit for 
Local Legume Varieties 

1st Section: Lxperimental philosophy 
Soil collection and preparation 
Experimental design 
Location of experiment 
Treatments
 
Inoculatiuon procedure
 
Planting prcedure
 
Mintenance of the experiment 

Harvesting 
Supplemental experiments 

2nd Section: Appendices: 

Calcilation of plant spacing and fertilizer rates 

Setting tipa "B" experiment 
Support from the NifCAL Project 
Flow chart for Experiment B 

3rd Section: Data Sheets: 

Details of Network Experiment B
 

Inioculant Data Sheet
 
Harvest data sheets "I"
 
larvest data Meets "2"
 

COLLABORATIVE RISLARCII ON INIT "I" EXPERIMENT 

(1) With J. iHartm:n, Africa Bureau, USAID (NifTAL trainee) 

The ability of the Asian soybean variety N-29 to nodulate with 

some local cowpea species rhizobia has been confirmed. Corsses of 
this ciltivar with irproved U.S. cultivars have been carried through 
to the 12 generation and these are beinp tested for agronomic and 

microbial characteristics. 

(2) With Lester Nakanv, University of Hawaii 

Estimates 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 

Cotference; Ain Sham% and Cairo Universities, Egypt; IITA, Nigeria; 
ISISA and ORSTOh, Senegal. 



APPENDIX IV
 

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 

Nutrition. Agron. J. 73: 17-22. 


A field experiment was conducted on a tropical moll 
(Humoxk Tropohumult) with a high P sorption capacity 
to compare the critical external and Internal P require­
meVts of soybean (Glycin max (L) MWrl.) and cowpc
(Vigm una usa1a (L) Walp.) affected them as by ron 
dominant mode of N nutrition during crop growth. ThM 
experiment had a split-plot design with two N-level sub-
plots established within each of six P-level mainplot,
Phosphoru treatment ranged from 0.0015 (unamended
mail) to 0.08 (1,80 kg P/ha) pg P/ml in 0.01H Cac 
solutions equilibrated with soil for 6 days. Nitrogen 
levels were either deficient (plants primarily dependent 
on N fixation) or sufficient (N fertilizer supplied at 
rates sufficient to satisfy the crop N requirement). Nitro-
gen.rxing soybeans required 750 kg P/ha to obtain a 
90% relative yield which was 320 kg P/ha more than 
that required by N-supplied plants to obtain a conm-
parable relative yield. The P concentration of N-fxng 
soybean plants was aignificantly lower than that of N-
supplied plants at all levels of applied P fertilizer. The 
external P requirement and tissue concentration of cow-
pea were unaffected by soil N level The data show that 
cowpe was more tolerant of P stres than soybean, espe. 
dally when dependent on N fixation. The cowpea ulti. 
var grown without P or N fertilixer yielded 720 of the 
maximum yield obtained at optimum P levels while the 
comparable relative yield for the Soybean cultivar was 
28%. We conclude that (i) some N-fixing grain legumes 
can make respectable yields with little or no P fertilizer 
while others might not and, (i) screning N-fixing grain 
legumes for tolerance to nutrient stress should be con­
ducted on N-eficient soil to insure that nutritional re­quirments are asewed for the M-ixing plant, especiallyon the highly weatheredfols of the tropicls 


Davis, R.J., J. Ilalliday and P. Somasegaran, 1980. An 

International Network of Legume Inoculation Trials. Pro-

ceedings American Society of Microbiology. 

Dravis,k.J., The Impact of Tiamning in Biological Nitrogen 

Fisation Technology on Agricolture in D)eveloping Couiltries. 

Call Workship Proceed igs. 


A uivveywas condltrted to assay the iripactthat training 
in Biological Nitrogen Fixation has made in developing coer-
frie,. Since our prime interest was to evaluate training of 
the type fc,vr'tly available, only t raining conducted within 
the lis"t tell yerars was evaluated. 

t(restionnarri- were developed and sent to all ident-
fiable former trainee!, and to the directors of institutions 
ierilnythese Ir lles. As. of our cut off dite there had 
en .l ra,n e roinfoirmer tiainens rind 41% response 

from institutorns. tc res ults have ieen tabnlated arid will 
form the basi, for the dlscuission on the impact of training, 

lalliday, J., 1981, Rhiz-obim Relations of Tropical Legumes 
in Tropical Soils and Implications for Transfer of Agro­
technology. Benchmark Soils Project Workshop. 

A technology is available for establishing effective
 
nitrogen-fixing symbioses between legunes and rhizohia.
 
It involves application of Rhiz cehjn bacteria either to
 

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

Since the specific rhizobial inoculants are marketed 
the basis of the legume species and variety with which 

they are to be used antd not hased on the characteristics 
of the soil into which they are introduced, it is inferred 
that the same inculant is expcted to perform equally
well at locaticns with different soil characteristics. 

L.?Uw-aena ,,o, h;ZZ(1 is the only legume for wiich
 
the inoculant
 
Leticrci lt(uoi2i'jphis h nl eunefrwhc h
inocrla strainstrain isdee tue chracteinoculant varies dependingon onl the characteristics 
of the soil into which it will be introduced. Rhizobiwn 
strain CB 81 is recommended for leucaena grown in acid 
soil and NGR8 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 unnecessary and even harmful to lime-pellet

alkali-producing strains of tropical rhizobia. Resultsfrom field trials of strains of Rhizobium for tropical

forage legumes at two sites in Colombia and of rhizobia
 
for 'hanleolua vuZgaria 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 antidifferent soils. 
The feasibility of taking account of soil character­
istics in development of inoculation recommendations and 
the possibility that performance of inoculants could be 
predicited on the basis of Soil Taxonomy are discussed. 

Ilalliday, J.. 1980. Biological Nitrogen Fixation: Its
 
Potential 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 Affnirs, U. S. 
Ilouse of Representatives.
 

The technology for establishing effective nitrogen­

fixing symbioses between legumes and rhizobia involved
 

application of Hhizobiurn 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 variety 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. Leuczaena leucocephala
is the only legume for which the inoculant strain varies 
depending on the characteristics of the soil into which
 
it will be introduced (Rhizobiten strain CB 81 for acid 
soil and NGR 8 for alkaline soil). Some account is taken
 
of the soil type in inorlation procedures. In general,
 
lime-pelleting of inoculated legune seeds is advocated
 
for plantings iii acid 'oils though it may le unnecessary
 
or even harmful to lime-pellet strains of tropical rhizobia 
that produce their own alkalinity. Results from laboratory, 
greenhouse and field trials of strains of lehihobiwn and 
inoculation techniques for tropical forage leguies in 
Colombia, fnd of rhizohia for lhianeolrt ulflrion in Hlawaii, 
are used to illustrate the influence of soil andl environ­
ment of legume reslponse to inoculation and the relative 
perforioceof strains introduced to similar and different 
soils. Concern is expressed over the nen-redictahility 

of strain pierformance and inocilant response at different 
locations. The possibility that performance of inoculants 
could tiepredicted oilthe basis of fuller understanding 
of soil factors is discussed. 
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tolerances have involved screening strains heldn existingod

Rhisobiwn collections.Strainsin existing collections' have0
been isolated by accepted techniquesIn which the medium used
for primary solation (YPA) ispi netural.,When primary iso-
tshowed
lations were made, for example, onto an acidified (pih

medium a few strains were encountered which grew well at p,
4.a5~b butaanaie4.5 ut 17,0.Thigrw ossall t idno rased he os-in

sibility that theworld's hao collectionsay be
dificient in 
strains adapted to particular stresses. To
-papuloduoe'mess
oxainethesigifcane
o ths ossbilty, pimay io-''.
exainethesinifcaneo tis ossbilty prmar is-,abilitylations of rhizobial strains for Arachie hypogaea, DeB,diwn 
vantortio Lattoaantcchalaguiwnaosr ade on mhaeaofvulgaris, and Stylosanthea guiane B were made on md of: 

' 

pH 4.5, pH 7.0, andtPH8.5. Nodules and soils were col-o't 
ected from those, sites in Hawaii with different pit values(. 7.0, 'and 8.5). The experiment involves characterization

of pH tolrance in 100 isolates from each site and for each of

six legumes, results reporfe fpliedtnhi i made
 
up to weraury.
1, 1981. T e data already inaicate tnat~rnito-

bia are moe tolerant of alkalinity than acidity; that 
 e
relative distribution of pH tolerance 'in.strain population de 
--dvpedponds on: (a) the legume species form which the'strains were,

isolated; and (b)the pHtof the soil form which the strains 


ccn 
Xitamura, Y., A,S. Whitney,.and A.B.'Cuevarra. 1981. Legume

Growth and Nitrogen Fixation as Affectedby Plant Competition
for Light and Soil Nitrogen.. Agron..'J. 73: 395-398.' ' 

n,}w.. odIf
Since the legume responses to environmenta factors 'myIncreased

be differnt in gra mixtures than In p retads, a pot
experiment was conducted to evaluat heeiffects of plant 


Sto nd ot co t gowth 'anN iation utwas
a mpetitiontop ndiur ort cttono threencand N'ixansof w...inth neto , c.a Na argio dle 
 •.......were
tion wihTtraacpc. Nnl17h a ee 

grown in deep, narrow po which provid for ttop'

competition (set dlose together or far apart) and -t soot
competillon (roots In same or'diffcrent hal sections of the 

' 

o).All treatments were' grown with and without an ,' 

'It 

Initial mpikadlon'of 60 Ikg N/a. .rhizobia

Gr eleaf was' abetter competitor for light than Nandi , 


in-spite of the taller height of Nandi. However In con­
trast with Nandi, Greenleaf:,yields and leaf areas were

reduced. by root competition, especially in the minus-N
 
treatments. 7here wer no significant differences to
acetylene'reduction activity due'to'either N levels 0 X' 'Somasegaran,

rotcmeition uatrtet.Ndl re heboth Ner d byxercises
1=c top and rocoptto uohNly:btheHawaii
plants were able to comrnsate to various dees by lIn.t,

orcases In tiodule stue a to a greater ex tent I increases'J;; acetylene reduction activityperunitof nodule weight. 

McNeil, Do., LI, Croft, and T.S, Sandhu, 1981. Response ofi 
Chickopeas to Inoculation with Rhisobiwn, in Hawaii, InternationalChickpea Newsletter.' 41 25126 .' 

Ciceaw o enle 

Haaii t th r o protectie easures nere to
esentialI e(all rt oete in poteconimeasue yeld Assentiblrto 

n ers f nceaed
reaiz tisrepose ied.A olabr-from
ative project with T.S, Saindhu of the Punish Agricultural
tiniversity, Imdla, 

Mc4'l 19H" QuniiainofSmitcNtrgnFxto
 .D4"44 

using Ureides: A review. Proceedings, Int.Workshop on BNFat CAT. 

This paper considers the genera of, legumes. kown to prodce
ureides; the tissues on which ureide ana11lysis 4and ,2can be made;'
the disadvantages and advantages of oreideanalysis asa means
oftestimating symbioticetN fixation.,e
 

I D. Rhsobi niapon strain jvasiablon inability tosoybeans and maintain nitrogen' fixation in the presenc 
of nitrateTFor submission: Applied -nvir M 

' . ' 4'.,"........... 
 o.ogyThissstudy .... ..... e t
.......... Investigated diffreces 

to Tisa of soybean rising from ran e o Rhii­
japoniou',strains. Two creening'procedures wereaed: (1)De­
gree of inhibition of nitrogen fixation besB1tablished syabioseswas measuredusing acetylene reduction. .No significant differences'were 	 found between the 16 strains teted.'he (2) Days toemergenceof nodules was tested in the preseniceof moderate (.5 m4) levels 
f n(trate. This value varied fom lessthin'i0 (C31809"
.. 

Nit lelASl)more 16 (11of 16 strains tested).to than 

High..pvioo f wereeal Inhii nn llnit rate j pry o ym - .bioses whereas low (0.S 'd)and meditm (2.0 
 ti,')
levels of nitrate
specific strain effects." Symbioses arising.from C1:1809
ol I en
n t nitrte bu increased nodulepfm edpoorlyainoteasenof nitrate 
 manae n
b t
atdlow level of naltal nodu..eimassestee m the presence of 2.0 i'd nitrate. The remaining 6 strains
 
tested l aseduea
a olo
 
when nitrate was added. t '. nekeveso f et;AOU5
CB:1809 also increased its comp~etitive', A
relative to ?USDA:110 when nitrate was added in a pot '. ,
trial. "Ifno nitrate was ,addad,.'CB:Ia09 occupied 0.97 times'as 
 ' 

many 	 nodules as USDA:110. If,10 MNnitrate'was added,'4CB:1809 ~ 1occupiedl.7S;times as many nodules as USDA:t0
 
One substrai tested (0d:1809-16pb9) not onl so deease


nodule ma:sbu al so decreased plant mass relative 
 to the nitrateblreased.t o e
f. a alo ls lied4iur4o p
on olatilo leve'f e 
Ateps, tselect 'nitroe4da te of R4odati.n 


.ten..'Atespts solateionape roubin sfa t
to senal 

I rohprseet o nisolatn er
developed in prse o t ne f nsdes th tn heitr 

4 '.he 

Neil, D.L. Statistical analysis of Soybean Response to ioculation 
'with Rtisobil h dapnscw i-wnte presencprec naturalizednt anddbsence of a

si ouain'Frsbiso:Arn . ,' .- , .
 

An analysis was made of1,000 published experiments on the
effect of Inoculation with Rhisob 0aponom on, soybean yields.


nodules were not present In uninoculated plants;inoculation

'yeilds by SS%. .4If'.a few, nodules were presno'i


uninoculated yield. were high' inoculation' lead'to smaller In­
creases. When soil 'rhizobiap;roduced adeuqate nodulation',there
 

no response to normal levels of inoculation. . This was part­tally because'more than I07 .'rhizobla per seedsoil pouato.iogsbisin:tro.J
 were neded to Setsubstantial 12%) occupancy of the(more than . nodules. ith'.'inoculant bacteria. 
' 

USDA110O'has proven to be asuperior competitor in the field.
has also' proven highly effective, Increasing yields by up to11%(390 kg/ha) in proportion to the extent that It displaced soil


from the nodules. Displacement of soil rhizobia from, the

nodules by other strains has net been shown to increase yields.
 

,, 	 '.--

P.', Ii.Hoben and .1,H~alliday, 1980. .Practical'
In LegumelRhimobiw.. Technology. University of


N~fTAL Project.
 

A S, 19 . Rle o th L gu e n Hi d Pa t es 
Whitny AorSopProce oeding eLeuesnMiePsurs 

Legumes can greatly contribute te pasture production by

providing high protein forage which 'is especially important.during the dry season when grass quality ispoor, 

4" 	 . .i or 
Little N is transferred undergrond by actively growing 
s but bove ground transfer of N can be sigificant,'

TheprincipAlmeans of transfer are legume leaf litter, green
leaf 	which Istrampled intothe soil by gratsing anials, urine
 
animals grating legumes, and fee.Maaentltr
ateso dietelgueNconrbto ardscssd 

ai ~omlietelgmeI n uinaedsisd 



Halliday, L.. 1980. Agrotechnologies Based on Symbiotic

Systems that Fix Nitrogen. In.proceedings of the Sixth
 
International Congress on th-Global Impacts of Applied
Microbiology. University of Lagos, Nigeria. 

Legume crops are especially attractiveGreatest future potenti.l would appear to rest in the development of: 	 sought from low-input farming when sustained productivity islegume-based pastures and viable multiple-cropping systems including 	
systems in the tropics and subtropics

becauselegumes for under-utilized savannahs; agrofrest-y systems that 	
of their unusual ability to be self-sufficient for nitrogencombine

fast-growing, nitrogen-fixing trees, leguminous .nd other crops to meet 	
supply. Life on earth is dependent on transformations of atmospheric

nitrogen to a formthe food and fuel requirements of the rural poor; fast-growing leguminous 	

in which it can be absorbed from soil by plants for

protein synthesis.
trees for reclothing water catchment areas 	 The process can be accomplished industrially but
following forest clearance; 	 at
legume-based cropping systems to give sustained productivity in cleared 

a very high energy cost. Biological nitrogen fixation (BNF) by
 
jungle soils which typically exhibit a rapid decline in fertility under 

symbiotic associations of plants with microorganisms is economically

more sound and environmentally more acceptable than nitrogen 
Certilizer
conventional cropping; selection of deep-rooted, drought-tolerant leguminous 
 use in agriculture
trees that can serve as browse species in the world's dry lands. 

The major constraints to full implementation of legume-based BNF 	 Agrotechnology based on BNF by legumes has two facets,technology and 	 the use of legumesinoculant technology. Currently legumes are
in the tropics relate to the delivery and acceptability of the technology 	 used in many systems
 
at the far-- level, and are political, cultural, 	

without any specific attempt to maximize their nitrogen fixation through
socioeconomic and, to a 
 inoculaut technologf.
lesser extent, scientific in nature. 	 Yields can be increased and nitrogen fertilizer
The major scientific constraint is

inadequate understanding of host 	

requirements reduced through implementation of appropriate inoculant
legume x rhizobial strain x environment 

interactions resulting in inability to predict whether a given legume will 	

technology. Maximun. gains from BNF in agriculture will arise from
 
innovative use of legu.nes in areas and in roles
respond to inocula-ion in a particular region or not. 	 they have not occupied
A coistraint to 
 previously, provided that their nodulation and nitrogen fixation is
deriving a better understanding of these interactions is tle lack of 
 assured.
trained personnel in the tropical regions to execute 	

Most legumes in the tropics "fix" about 100 kg/ha/year of
legre inoculation

trials for 	 nitrogen with levels around 350 kg/ha/year common for the forage
letermining the economic yield benefit attributable to legume 	 tree
leucaena and fixation as
inoculation. 	 high as 800 kg/ha/year within the pote-tial of
A lack of domestic inoculant production plants in the 
 some species. Fertilizer savings through the use of legumes represent
majority of countries also constrains research, development and production

enterprises with legumes. 	 not only significant savings in foreign exchange but also reduced


dependence on the 
oil-rich nations whose influence over the cost and
 
availability of nitrogen fertilizer is increasing.
The scenario in which legume-based BNF technology would realize its
potential would include: increasing economic and political pressure for 
 The use of legumes
greater energy efficiency in agriculture; increased recognition, by 	

involves the management of legume species in farming
 
decision makers in funding agencies and in governments, of the potentials 	

systems not only for direct benefits accruing from the multiple uses of
 
for exploiting BNF in the agricultural sector of the economies of developing 	

legume products and the greater stability of mixed-cropping, as opposed
 
countries; an 	 to monocrop systems, but also for indirect benefits arising from their
increase in the cadre of trained professionals and technicians 
 ability in some circumstances to make a net contribution of nitrogen to
in countries of the tropics; improved integration of legume germplasm 
 the soil and thereby to companion or following non-leguminous crops.
improvement programs and legume bacteriulogy programs; concerted application
of international funding to catalyze establishment of a BNF Resource Center 
 The underlying objective of inoculant technology is to
staffed, equipped and budgeted to provide technical assistance, offer 	 introduce sufficiently


high numbers of preselected strains of rhizobia
germplasm and information services, provide professional and technical 	 into the vicinity of the
 
trairing and conduct such research as 	

emerging root that they have a competitive advantage over any indigenous soil
may be necessary for adaptation of
BNF technology to individual needs of developing countries but which is 	
strains of lesser N-fixing ability in the formation of root-nodules. 
Inoculation technology involves: selection of strains of rhizobia that
beyond the current capability of local researchers; improved opportunity 
 are compatible and effective N-fixers with particulai legumes; multiplying
for int-rchange of findings from field research programs; implementation 
 selected strains to high population densities in bulk cultures; incorpo­of a competently executed sequence of standardized experiments designed 
 rating the liquid rhizobial cultures into a carrier material (usually
to quantify the economic yield benefit attributable to legume inoculation 


under field conditions and followed up by studies 	
finely milled peat) for.packaging and distribution; and finally, coating
to quantify the nitrogen 
 the seeds of legumes with the carrier or implanting the soil with the
balance in multiple cropping systems that include legumes. 
 inoculant directly into the seed drill.
 

Legume inoculation does not substantially affect the need 
for farm labor. 	 Legumes areThe inoculation is accomplished as an integral part of the sowing method 
already used widely and consistently, but as minor crops. in 

whether by hand or mechanized planter. If fertilizers are normally 
farming systems of the tropics. Inoculant technology is in use on ameaningful scale only in a few countries other than the U.S. and Australia.
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
crops is consistent wstn tne tarming systems already prevalent in the
tropics. To use legume-fixed nitrogen for, as an example, cereal pro­
duction in the U.S. would necessitate adoption of mixed-cropping systems
that are not easily mechanized. Thus an increased demand for laborwould be an impact. The rajcr 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.
 



PRESENTATIONS
 

Burton, J. 12/80. Discussion Leader. Field inoculation of Legumes: The
 
useskinds and 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. Invited 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, Venezuela.
 

lalliday, J. 1981. Invited Seminar. "Nitrogen-fixing trees lots of-
eggs---one basket." 
 Rocekfeller Foundation, NY, NY.
 

lalliday, J. Invited6/81. 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 World­wide 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/WFCC/ICPO/Ni fTAL/MIRCEN Training Course, Cairo, Egypt. 

Somasegaran, P., 1981. Seminar, The Dilution of Liquid Culture of Ihi;obium
for Increasing the Production Capacity of Inoculant Plants. University of
Iawaii Departmental Seminar. 



APPENDIX V STAFF TRAVEL
 

Staff Member Dates of Travel 
 Destination 


Joe C. Burton 	 11/7-14/80 Malaysia 

11/15-12/4/80 Thailand 


Australia 

1/4-8/81 Trinidad 
3/7-15/81 Colombia 
6/23-7/5/81 Mexico 

Robert J. 	 Davis 9/3-10/5/80 India/Pakistan/ 
Nepal 

10/19/80-1/8/81 Manilla 

Sri Lanka 
Australia 


India 

2/27-3/21/81 Colombia 


Jake Halliday 	 8/20-9/6/80 Nigeria 


9/13-22/80 Venezuela 

3/6-22/81 Colombia 

6/12-22/81 Peru/Mexico 

Susan Harris 	 3/4-30/81 Colombia 

Hleinz ltoben 	 7/8-31/80 Brazil 

10/9-11/14/80 Malaysia 


5/29-7/5/81 Mexico 

Bill Kerrey 	 1/2-11/81 Trinidad 
1/15-2/2/81 Sri Lanka 

3/5-4/8/81 Colombia 
Mexi co 

5/22-715/81 Mexico 

David McNeil 	 8/30-1(1/1 8/8 gIypt/Ni geria/ 
(Mhann/Sene'al/ 

Bajii"il / lvory Coast 
3/5-22/81 Colombia 

Padmia Somnsga ran 	 11I5I.-12/20/8O Maiilaysia 
5/29-7/5/MnI Mxico 

rean Zlke'ran 3/5-16 /81 Colombia 

Purpose
 

Lectured at MARDI Course 
Visit Inoculant Plant & Research 
Center at Univ. of Kaselsart 
Atte;d 4th International Symposium 
on BNF at Canberra 
Attend OECD Workshop on Germplasm
Attend Regional Workshop on BNF
 
Participate in Cali Workshop
 
Teach at Chapingo Course
 

Establish linkges, follow-up,
 
plan experiments. Make contacts
 
Attend All-India Pulse Workshop
 
Meet with cooperators
 
MARDI Course 
4th Symposium on BNF
 
Attend OECD Workshop on Germplasm

Meet with cooperators
 
Participate in Cali Workshop
 

Attend Global Impacts of Applied
 
Microbiology Congress as invited
 
speaker
 
Meet with IITA/MIRCEN/UNEP/UNESCO
 
Attend Latin American Rhizobium
 
Conference as invited speaker
 
Part i cipate in Ca 1i Workshop
 
Present invited paper at workshop
 

Participate in Cali Workshop 

Consult at 
Prepare, coordinate, and instruct 
at MARDI Course 
Coordinat e Chapingo Course 

Attend Regional BN" Workshop
 
Represent 
 NifTIAL at INTSOY Conferencc 
and 4uternational Wing Bean Seminar
Part i c pate in Ca li Workshop 
Arrange for Chap i ngo Cou rse 
Manage Ch api ngo Couirse 

(ndnrct MIlRCI:N/NITAI, Course 
Ar'r;illg IITA/Ni CourAs,CoUI' 
Meet with INIIT coopera tor.s 
Part icilite in Calli Workshop 

1Instruct in MARD)I Course 
Instruct in Chapilo Course 

Particilpat ( in Cali Workshop 
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ORGANIZATION AND PERSONNEL
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Staff "' ~ <"3 '3'3 .3333333<3.3323 V A 'i :" iA~ 3~33 

R. Davis3'3 NetorkAgonoistDiect<. o3333in 

D. Mc3eil NetworkAgronomist 

I3. oben..3 Forig Training~'3333 Coordinato 

S.3~3.3Hari Information3 Specialist"3ji 

J~&3.3urton3 PROJECTnPERSONtioL Specialist33,~ 

P. Naka Reeac Associate 

C. AbliRsac soit 

K. Maclaa Trinn Tecniia 

S1atff Reeac Associate' ~ '3 

L. Croft'' Researc Associate,~3 
3 '2~ . 

). Biling 
Resarc Assoiat 

S. Chuhr Graduate3~.. Reeac Assistan 

S. ll4o.ii, Seniort Mieach AssstanPr 3t 

B.SBoiey Seniror AistAg orenls~'Clerk7 t 
3 >~ 

K. Stinger Lagoraonom sist ant 3 

33 PSoniaegaa Frnen riigIsrco/irbo6i~t3, 
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isAl Cornell,
 

MikeSadwsk MicobioogyDept,,'Univ. of-Hawaii
 
5Renee -Kasslak- Microbiology Dept.,7n'-fHwii 

Wong Choi Chee MARDI, Selangor, Malaysia:- , 

'NSW)David Herridge Dept., Agriculture, Australia 
LjeeTao-Sheng Taiwan 'ForestIrys-Bureau, ROC,
 
Ho Ch' Fong Taiwan' Forestry Bureau, ROC',
 
A Ayanaba- iI Th; 'Ibadan,,Nigeria
 

LM.BreeuCanada Agriculture- - '. 

Marcelo Sargardoy -sArgentina, 's­

~~ BelalVAhmed -- CARDI, St. Augustine, Trinidads-s's ­1 

Somchai 'Patiynth Plant Patlhology". Div.,- Dept. of Agricuilturo, 
GooffreyNorman 'Bangkok,;,Thailand -

University of,Migan -
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Gaspar Silvora Soybean PlftAedrE1Doa , Panama
 
5 Kathleen McNamara USAID Asia Bureau-
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Prjet ndNube! itognrixAtion bX Tropcal Agricultural Lcgumo IN.I TL rjcADtiC10 

~ 	NARRATIVE SUWWY., OBJCCTIVELY VERIFIABLE IND0ICATORS '. 14EANS'OF 	 VERIFICATIONIrTONS.~ 

~ ~'v (OI.;> ~~~<J' ~,." , ~,ASSUMPTIONS FORACIIIEVING GOAL: 
- "Tn contribute towards securilng technologiesImprovcd 111W 	 National surveys,. I ,' Nitrogen fertilize~rproduiction

orld order by alleviating the adoptod and utilized at farm 
 AID Mission reports, continues to increase incost.
dependence of developing cintri. leve indeveloping countries. .FA. production statistics. fasterthan market prices for
 
- on oil-rich nations for tli .grains.


nitrogenous fertilizers us. In Logi,,Inoculant prv,' iction
producing basic food commoelties plan' established developing 	 .i 
 Legwie protein continue to be
 
rortheir people, 	 con'e.acceptable 
 to 	consumers InWPCs,
 
PUPO HI O~ i increase'i... Irtein 
To 	generate a data bess forp pnrouction
per unit of itrogen
 
assessment of the benefitsr from. fertilizer Input inagriculture.

ruller use of BNP technologies In . - ­ . ~ oteideveloping to develop Legumes used in m	 ''countries; increasingly 

and delivor validated BNFi multiple purpose roles, 

. .
 

* technologies aippropriate for WDCs1
 
ind to provide support service to
 
(''acilitate Implementation. , - . -- .
 * 

011.1ar TVEs-' 
'.1 
ASSUMPTIONS FOR ACHIEVING PURPOSE;' 

~ Resoui 1.Fuly catalogued I.Anula eor That all components initheFTculture
V 2,Establish Antiserum Bank, collection, 2,Progesrpt. comprehensive strategy for
3,rield-test BNP technologies in 2.Fully catalogued serum bank.~ 3.Newsletters, 	 implemention of BNF ,t
I: ,'C3 . 3. Field trials implemented in 4,Site visits. 	 technologies InLDCs can be4. Improve legue inoculumnts,. developing countries. 
 S. Real outputs as listed at pursued Ina balanced fashion,S. Improve legume management In 4.lmproved~technology Inuse ' left by objectives.
cropping systems, by inoculant producers/farmers, ;


6,Set up legume seed resource, S. Improved,-cultural practice­
7. 	Improve understanding of soil adopted in adeveloping country


stress on DNF, 6.Catalogued: seed collection

8.Con'duct economic evaluation of less-known legumes. 


-of'111. 	 7.Reitearch liublicationts oat 
----

9.Establish regional 81W Resource soil stress effects3 on BNF,

Centers, 8.Economic daa on 131W
benefits.'
 

10.Train manpower, 	 9.Regional Ceniters functional,
 
10. Manpower contributing at many


levels to BiF util ization.
 

I++ 


(This Extension))iou'rITP)S 	 MAGNITUDE OFOUTrPUrS: ASUPIN O ACHIEVING OUITPUTS: 
I . Rhuiaobzu collection; improved 1. 1,500 strains (2S0 active); 1, 2, 6, 7: 	 LDCContinued cooperation by


inoculants; 

catalogues, 2.Antisera for S0 key rhizobial On-site review and check by
 
,itrAinsi peait 200 catalogues distributed, 	 institutes and researchers.
 

2. Antisera stocks; catalogue, strains; 200 catalogues, Independent labs. Continued good will of other3,Cooperative linkages with LUC 
 3.50 cooperators; 200 trials; 	 International 8NP programs,

Institutes, Field manuals, 500 mianuals) 2 Intl) workshops; 3,4,S,81
Statistical analysis. 3 regional workshops. 
 .Application 
 for training are
Publications, Workshops. 4.200 copies of Carrier Inven- Annual reports; site visits, 
 sufficientto fill quotas,
4.Publications, Inventory of toryl I carrier Identified :
carrier resources worldwide, for each LDC, 
 9.Visits to review Regional Suitable host institutes are
 

,
Alternate carriers. S.One N balance methodology; N
1, 	 ~ : : + Centers,+ + + + ++ ++++ + ++ + + ++:++++ + ++++ +:+++++++,: ............prepared to host regional BNF
+ 	 + +++i+ ;+ + 
 + + +++ :++%++ + + +++ '++'++ ......... ..
5,N balance study aodel; N balance for 3 cropping systems,+:i +++++-++--- -	 Resource Centers.-	 - - - - - - - - - ++++++++++++++++++!+++++++++#++++- - - - -- - - - +++++:+++'+++- - - - ­-	 - - ++:+++ +:+++ - - ++ + - ++- + + -- -.balnces of specific cropping 6,Stocks of 1,000 seodi for 50 10, Degrees and certificates .2'­systems. Publications, 	 200 catalogues, awarded..species) 
 Economic analysis indicates net
6,Management recommendations, 7.Three stross tolerant strains
*'.1+:+++ 

++	 technologies.
:+  s +  	 benefit from IIMP : .++++++++++]
!VeS ++ ;,++
IO I ;+ !++i+ ++ i:+
6Seed stocks; catalogue, !++++++++ + ++ + + ++ + + + + ++ + +++ ++++r+ + + + + +k ++.. ..P + +. .
'4++1++ + ++ ++ + +:++ +m+ + for 2 accessiona of 10 species;
++ ++++ +++ + "+ + + ++++ + ++.. .
+ ++++++++ +++++++ 
 ........ ....... ' .. + ++++.....! S m T O s F R+
+ ++ +++++ ....	 ci~ N ' o [ + 7,Acid and salt tolerant rhitobia. 1 low P t.,lcrant strain, each
 

A,Lcrinomic nAlysis report, target leg'ume.

9,Regional BNF Resource Centers) 8. 200 copltn-of economic report.


staff; inoculant plants; 9.Three regional BNF Resource 
research awards, 	 Centers; I U.11. professional

10, TrAined professionals, tech- ineach; 3 pilot plants,

nicianst, extension workers, - 10. Fourteen professionals ,(14

Inocularl' producers, trrining PhD); 140 technicionsi 120
 
ffiateria'i. 

-or 

extension workers;:30;inocu­
lent producers$ SO-interns,
 

(Thll PxtenslonjlINrPUTS 	 IMPLEMENTATION TARGET: 
 ASSLS4PTIONS FOR PROVIDING INPIIISI 
University of lawai 1.558 work months, 1.6. Annual reports, Newsletters, 1-. Qualified personnel continue
n1'i11ijitenl 2,511work months, 	 Site visits, ­rhilobilollsts. 
 Inemployment and new hirsa
2,Technical, admlnistratlie and - 3.Adrquate for project. - -. are effected onaschedule.
Sup~port staff, 	 4.Thtee apartments far S years, 7.8, AID and contractor records,.
3,Ilnlirato~y, greenhouse, field, S.781 work months, 	 U.11.accounting office, 3-., Lease on facilities at Palo
off Ice, c-omputer and accounting 6, Ai'quate for project. renewed for life of project.

(facllitilmA, 7.$A,764,000 in 5 years,
4,Accommntkitions for trailIing 8.Adequate. 5.6. Host countries willing to;


portcipitsCooperate.
 
rvnl~frrt Institutions 7., AID funding and project 

6. lfid gr~nhusmandlabmanagement 	 provided.
 

Y,I ne-ldgehoe n la 

P, I'tpjett management, 

3 



MILESTONE EVENTS
 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
 

OBJECTIVE 1:
 

RB:uzQiIv. GERMPLASM RESOURCE
 

(A' 	COLLECTION MAINTENANCE 2----------------------Q
 
(b) 	STRAIN SELECTION M ©'
0
 
(C) 	INOCULANT PRODUCTION (3) .......... ©.0
 
(D) 	CATALOGUING - ----- ] ............---------- [M
 
(E) 	CULTURE SERVICE - -----------------­

(F) 	INOCULANT SERVICE 0 -------------

KEY: [ 500 STRAINSJ 0 1,000 STRAINSJ a] 1,200 STRAINSJF[@IINOCULANT RECOMMENDATIONS FOR PRIORITY LEGUMESJE[MINOCULANT 

PRODUCTION IN REGIONSJ INTERIM CATALOGUEJM FULL CATALOGUE (1ST ED.)j [IFULL CATALOGUE (2ND ED.)J ImSTRAINS 

AVAILABLE IN REGIONSJ [ INOCULANTS DISTRIBUTED IN REGIONS.
 

OBJECTIVE 2:
 
ANTISERUM BANK
 

(A) 	 ANTISERUM PRODUCTION ----- -----------------Q 
(B) 	CATALOGUING t2©
 
(C) 	ANTISERUM SERVICE ----------- -


KEY: [W]ANTISERA FOR PRIORITY LEGUMES AVAILABLEJ W2ICATALOGUE PRODUCED AND DISTRIBUTEDji1 ANTISERA DISTRIBUTED AND
 
SPECIAL ORDER SERVICE FOR TARGET LEGUMES BEGUN.
 

QJLJLVL3:
 
INTERNATIONAL NETWORK OF
 
LEGUME INOCULATION TRIALS
 

(A) 	NETWORK OF FIELD TRIALS (© ..... 0
 
(B) 	SUPPORTING SERVICES - - - Q
 
(C) 	STATISTICAL ANALYSIS 0 ------ ©
 
(D) 	PUBLICATION OF RESULTS 0 \w
 

(E) 	PLANNING/PROBLEM SOLVINO/
 
FOLLOW UP 
 ®1 - --- [©
 

KEY: a "A" EXPERIMENTS; [2B" EXPERIMENTSi NC" EXPERIMENTSJ tm INTERCROPPING EXPERIMENT) jPLANNING WORKSHOP (MAUI)i
 
[]COORDINATING WORKSHOP (COLOMBIA)i [1REGIONAL PLANNING WORKSHOPS (3); I INTERNATIONAL WORKSHOP FOR REVIEW AND
 
PROJECTION,
 

QB42LYL q: 
INOCULANT DEVELOPMENT
 

(A) CHARACTERIZATION OF PEAT ©
 
(B' COUNTRY CARRIER INVENTORY ( KD
 
(C) 	ALTERNATE CARRIERS -------------------------------------.. Q
 
(D) 	NUN-PEAT CARRIER ENRICHMENT 0 Q 
(E) 	INOCULATION METHODS (D 1© 

KEY: 	W PUBLISHED LIST OF RESOURCES) IIICARRIER EVALUATION BEGINS AT REGIONAL CENTERS,
 

QuiLL5:
 
NITROGEN CONTRIBUTION TO
 
CROPPING SYSTEMS
 

(A) 	N-BALANCE METHODOLOGY © 
(B) 	N-BALANCE CASE STUDIES ------------­

(C) 	MANAGING N CONTRITUION 0 Gn - - - - M 

(B) 	 SOIL. NITRATE EYCESSES S ------ V 
(t COMPLTITIUN EFECTS - - ------- ----- © 
(I-) NOVLL AssOc IATINS (s .© 

KEY: IIIbulN ,TilUIS AT REGIONAL CENTERJ [2) PUBLICATION SHADE TRIALS) [W BEGIN INVENTORY/STUDY OF LOCAL MANAGEMENTJ 1 IMPOSE 
NEW MANAGt.JENT; [51 DIVERT EMPHASIS TO INLITj [W REGIONAL STUDY OF COMPETITION IN SYSTEMS FROM (B) [ REGIONAL TESTING, 



MILESTONE EVENTS
 

1975 1976 1977 1978 
 1979 1980 1981 1982 
 1983 1984 1985 1986
 

LEGUME GERMPLASM RESOURCE
 
(A) ASSEMBLE SEED STOCKS 


--- -.
 
(B) COMPILE INFORMATION 


_ _ _ _ _ -

0
0(C) INCREASE/COLLECT SEED 

_ _ 

(D) DISTRIEUTE SEED/INFORMATION 
 ' ®-m---l- F'l-- 3l-[-- ll...'!© 
KEY: [O][E5 ANNUAL SEED LISTS DISTRIBUTED.
 

OBJECTIVE 7:
 
EFFECT OF SOIL FERTILITY
 

(A) DEFINE TOLERANCES 
 m 
() PHOSPHOROUS REQUIREMENTS
 
(C) SALINITY 
 © 
(D) HYDROGEN IONS AND Al IONS 
 © 
(E) TOLERANCES VERSUS BACKGROUNDS
 
(F) SCREENING YERSUS FIELD
 

PERFORMANCE
 

KEY: [WJPRIORITY LEGUMES COMPLETEJ(2JPRIORITY LEGUMES COMPLETE,
 

OBJECTIVE 8:
 
ECONOMIC EVALUATION
 

(A) FARM MODEL (b
 

(B) AVAILABLE DATA SURVEY
 

(C) ANALYSIS Q
 

OBJECTIVE :
 
REGIONALIZATION OF BNF SUPPORT
 

(A) IDENTIFYING COOPERATORS (3) 0 
(B) LOCATING RESEARCHERS (3)_0

(C) PILOT INOCULANT PLANTS 
 ------------ l(D) ASSISTANCE TO TRAINEES 
 © 

KEY: []INSTALLATION OF PILOT PLANTS AT REGIONAL CENTERS,
 

QDJECTIVE 10:
 
TRAINING MANPOWER
 

(A) GRADUATE TRAINING 

©

(B) TECHNOLOGY SHORT COURSES 
 - A'-- ' 1 - L- H ­ ]
 
(c) EXTENSION WORKSHOPS
 
(D) INOCULANT PRODUCTION COURSES 
 00 
(E) IkrERN TRAINING 
 © 
(F) TRAINING MATERIALS
 

KEY: _AHAWAII COURSEJ [MHAWAII COURSEj ]HAWAII COURSEE,-NAIROBI COURSE) EPORTO ALEGRE COURSEjPORTO ALEGRE COURSEJ
[JCAIRO COURSEj nI]MALAYSIA COURSEJ [MEXICO COURSE) [W1BANGKOK COURSEj 
 WEST AFRICA COURSEj JREGIONAL CENTER
 
WORKShOPSJ F5]OUTREACH WORKSHPSj 1REGIONAL CENTER COURSEj[Z REGIONAL CENTER COURSES,
 



APPENDIX IX
 

REVIEW TEAM REPORT
 



Report of Review 
Project 931-0613; University of 

Team on Nitrogen F:×ation Sv-hbc::c 
Hawaii Contract AID/re-C-1207 

Su--ary Findings 

The review team strongly recommends that the project be continued. Detailed 
findings are summarized below: 

I- Proec Adinistration 

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

IV. Outreach and Technical Assistance 

A. AID management should take more initiative in assisting NifTAL's work 

in LDC's through improved information diasemination to field missions 
and other donors. 

their morale. 

S. The integration of NifTAL with University of Hawaii programs should 

be -i-proved. 

B. The inclusion of a funding coponent for outreach in the developing 

countries in the project renewal request is recomended. 

C. AID missions should =ake better use. of NifTAL professionals. 

D. The University of California. Davis subcontract should be better 

integrated into the overall project. 

E. The establishaent of an External Advissry Board for BNF activities at 

the University of Hawaii is reommended. 

I. Research 

A. The emphasis on inoculum production techniques and the initiation 

of the 

B. A viable 

.IT program are notable achievements. 

data analysis system for INLIT should be developed prior 

to submission of a project renewal requept. 

C. Staffing requirements need to be reassessed before expanding the INLIT 

II. 

program. 

D. An expansios o YiffTAL research on 

Training and Information Diss miation 

tropical forage legtumes is recot~ended. 

A. NifTAL should be cmended for its worldwide leaderahip in Koizobium 

B. 

technology training. 

The encour-c=t=ot of other donors to provide training 

reimbursement for information services is recommended. 

support iuods and 



Report of Review Team on Biological Nitrogen Fixation Project (NifTAL) 

University of Hawaii contract AID/ta-c-1207
 

July 7-10. 1980 


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


the Tropics" has completed the fifth year of a six year 
 contract. The review 


team made site 
 visi.-, -- :h.- T'--.-q;:v :--
 4 En t.e University of 


California (Davis) which has 
a research sub-contrac:. 
 The purpose of the review 
was to assess project performance, to date, and provide guidance o= project 


direction and continuation. 


The review 
 -iously. thinks the 
project is o high quelity, and 

is =aking a substantial contribution to the dissemination of knowledge and 
materials to enhance the application of techniques for manipulating symbiotic 

nitrogen, fixation in tropical crops. The team strongly recomends that the 

project be conntinued. 

Several features of project whichthe are particularly noteworthy and 

exciting are: 

1) Development of small scale low capital inoculum production systems 
an.! the proposed consulting and advisory role of NifTAL on establishing 

inoculant production facilities in LDCs. 

2) The scientific copetence and enthusiasm of the NifTAL staff, 

3) The utetanding Rhizobium culture 
collection and availability 

of this collection to BNT scientists worldwide, 


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

Network of Legue Inoculation trials, 

The basic NifTAL program headquarters are 
on the island of Maui in building
 
leased from Maui county. This program, with a staff of thirty, is under the
jurisdiction of the Soils and Agronomy Department of the College of Tropical
 

Agriculture 
of the University of Hawii. The program also has a subcontract with 

the University of California (Davis) on soil 
stress tolerance of geuo-ypes of
 

legume hosts and Rhizobius.
 

Although somewhat isolated from 
 the main cam s of :he University of Hawaii,
 

the Maui site is ideal for training activities and research on tropical legumes
 
and Rhizobium. 
 Some land is available for experimentation at the site and in 

several nearby areas. 
The team was impressed with the international leadership role of NifT.AL in 

scientific and technical training of LDC personnel andanumber of its research 

activities. 
Indeed, NifTAL is, without doubt, a preeminant organization in
 

training activities on the practical aspects of 
 the use of tropial legums. 

Administration
 

The team noted the dynamic leadership of Jake Ealliday, who 
 in a little 

more 
than one year, has strengthened the project with decisive, resourceful
 

and objective management.
 

The personnel at Ml'" are enthusiastic about the program and ..xhibitec
 
good morale. The project appears 
to be making good progress and certainly i, 

playing a leadership role in the training of young scientists sd trecrician 

in the implemenzaton of nitrogen fixatirv technology.
 

Th, team recognized a 
 need for better integration of NifTAL wit pro.: t-s 

at the University of Hawaii, although some recent progress h. bcen Xvda. WQ 
large AID supported programs, NifT.AL and Benchn-ark Sails, ai: t:. ,at 



4 
the Department of 
Soils and Agronomy, placing a substantial burden on one 


department. 
The University administration is 
considering the establishment of 


an interdisciplinary progra= for Biological Nitrogen Fixation dithin the College. 


If so, NifTAL might fir easily into such a 
framework and be benefited by it. 


Several suggestions may be considered by the contractor which would establish 


NifTAl 
more firmly within the univexsity framework, anI 
overcome 
some of the inherent 

disadvantages due to its relative geographic.i isolation. 
 The Department or College 


should be 
more actively involved in the 
recruitment and 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 Department could more readily be used on a short-term 
basis in NifTAL 


prcjects, particularly the Network activities. 
 This would also contribute to 

the depth of experience within the Department. Greater 
use might be made of 


Strengthening 
 Grant and Section 406 funds to further facilitate integration, 

Special attention must also be paid to the matter of departmental integration 


of outposted 
staff of NifTAL. The Department should also be involved in the 


recruitment and evaluation of graduate students. 
The above actions also would 


im~rove the 
linkage berween basic research and field application. 


We believe that the NifTAL program has attracted a number of first class 


professionals. Somehow, these workers should be better known and made 
ore 

available to AID missions throughout the tropics through an improved communication 


system writh AID. 
This action would improve AID's return on its investment by 


extending the benefits of NifThAL talent and expertise to field missions, many of 

which have programs in this area. 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 program. 
Although the research per-


formance at Davis is 
impressive, both programs would gain substantially through 


better communication. 
In the 
future the NifTAL program could benefit by similar
 

subconcracts 
at other institutions for 
some of the more basic research components.
 

Budget and Financial: 
 The quality of project budget and financial =-snaiememz
 

was jucged satisfactory by the team. However, some suggestions might be considered 

to even further increase returns from expenditures.
 

Although the present system is 
adequate, planning and budgeting by objective
 

would 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 explored (i.e., 
AID Missions, FAO; other national, bilateral
 

and multilateral agencies) 
once real costs 
for training are properly evaluated.
 

The tea favorably endorses the use 
of "The Research Corporation of the
 

University of Hawaii" asa disbursing vehicle for funds. 
 This mechanism has
 

certainly avoided some of the financial difficulties that frequently are encountere 

through traditional university channels. 

Earlier we recousended that NifTAL make greater 
use of University of Hawaii
 

faculty in short-term assignments. 
 This would benefit both the University and
 

NifTA_-. 
 To facilitate this activity the University of Hawaii should more 
clearly
 

define its policy to departments on the methods 
for transferring fucds 
or line
 

items for salaries. 
In most universities this 
can be accomplished in one 
of
 

two ways.
 

1. When a-faculty member is working on a short-term contract atig-enr,
 

he remains on his university line and the department is 
reil=urned for
 

his salary from contract funds. These monies can then be used by z
 

department for alleviating losses to the 
 program frm these re=~rrry 

absences.
 

2. A faculty mer.her Lon rhort-ter= asb;s 
 ent :ansferred
c - .c
 

contract line during his absence from cnc regujar -- artme=L -


The vacant stace line 
can :ncn be used 
o an::her 
 incnen
 

up for the temporary loss. 



Externa Advisorv Board: The tea= strongly recommends that an External 

A&v:sory Beard for BNF activities at the University of Hawaii be established by 

the U=iversizy of Hswaii. This Board could be composed of national and foreign 

sientints, as vell as representatives of other user groups. The Board .0uld 

provide policy guidance to the University of Hawaii, improve the coordination 

with other groups working on nitrogen fixation and enchance the opportunities 

for 	other i=stitutions and 1V7's to become involved in the Network activities. 


-his would be very importamt as NifTAL moves into more country programs where 

much could be gained by working through institutions (including AID-University 

ca=tracts) now in place. 

Evaluatin of Resesrch Efforts at NifTAL 


The evaluation of research progress to date can beat be seen in light of 

the stated criginal and continuing project objectives as described below. Of 

the five. onl, No. 4 may not be judged a major research itrm. 

1) The development of a collection of Rhizobium strains, including 

strains which have been varified and tested on targeted legumes 

for distribution to researchers world-wide. 

2) Development of an improved inocul= delivery technique to ensure 

effetiv dependable field inoculation. 

3) Development of imroved techniques and cultural system to exploit 

more fully the nitrogen contribution of legumes in tropical cropping 

systms. 

4) 	 Development of training programs on applied research and technology 

of hizobium bacteriology for technicians and scientists in tropical 

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

tesin of ihizobium inoculanta. 

maximum emphasis and success has been achieved for objectives 1, 4. and
 

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

e. and even less activity and development with objective 3. These differences
 

are recognized by the NifTA.L staff and represent a decision on research priorities
 

based on budgetary and manpower constraints (see NifTAl Annual Report, 1978-79).
 

Research priorities supported all other training or outreach program and by
 

necessity have a practical orientation.
 

Research progress relative to objectives are further defined: 

1) The development of a collection of Rhizobium strains. 

The collection of Rhizobium isolates (currently 1,493 from 83 different 

legumes species) provides a most valuable resource for BhF research and LDC use. 

Ise by LDC researchers of this collection is appreciable and will undoubtedly 

increase markedly in the future. This activity was necessary to supply the 

best possible strains for the International Network of Legume Inoculation 

Trails (INLIT) which are now just beginning. INLIT should provide a useful 

vehicle to evaluate some of the more promising 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 California at Davis) will receive field verification. 

A delay in providing long-term storage of cultures by lyophilization 

has occurred. Likewise, other research demands and a shortage of technical
 

help will limit t~he most desirable further evaluation and characterization 

of strains for numerous other properties and attributes. This is a comon 

constraint with all cultue collections, not only the one at NifTAL. 

2) Development of an improved inoculum delivery technique. 

NifMAL staff is to be commended for their consideration of and partial 

verification and development of low Capital, low technology, small-scale 

systems for inoculant production in LDCa. The planning for pilot studies 
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AIII.h I 

llruading Nif'FAI.a nuppurt base - Siuaiaiy of ' 1rulp4-u. July, i9HU 

Project Suurce of Funds P.I. Status Amugt 

letter iiiduculaita fur acid 
fertile soils of tropics 

ill USDA SLA/CH. (USAID) IlaI I iday Fuilded 9U'O00 I yin) 

L gume Hhizubiuni Genuplva fur 
lrupical Soil Conditions 

Ali allelopathic interaLction between 
a gramand a legume 

Nitrugen fi ing trees for agro-
fureatry systems 

In ernat iona l Workshop on 
liP Technology 

PartiC ipailt trallning mpnsurah ip 

UIlSection 406 

USDA Cunpetive 
GCraiL 

ICRAF (International 

Council for Research 

in Agroforeatry 

CIAT 20,000 
ICIHISAT 25,000 

USDA SEA/CH 57,000 
UNESCO 8,000 

UNESCU 

Ia I lily/ 

Stuckiiger 

'Iuilig/liar thu hmr, 
WIituIey/Illliuly 

Ila II iday/filiI 

Ila II iday 

IhaI diy 

un hold* 

Funded 

Fluidill. 
probable 

Fund iu 
obligated 

hilndig 

195,00U (yre) 

25,Uo)U (yr a) 

200,000 ( 
3 
yra) 

I10,000 (ine-t ilU) 

IU UUO (ler year) 

Bean/C,.w,ea cRSP 

A1 1 luPrptiate inucuilatiotn tecliiUlugy 

fur Puoleadatiull of leguminusa trees, 

USAI 0 

USDA SEA/CH 

IlaI iday 

Ill II iday 

1II[ ,)i I .ldd 

by ptlainera 

IP epiulpna I 

olpirved -
enl, di -

20U, U0O CJy a ) 

90 uo (Jyre) 

ul unaemeiui CLSR' USAID Ila II iday under revieu undefined share of 

l'CumticuiLty as a toul 
chickpea rhizobia for 
Li lis 

fur electing 
India coadi-

I 
USDA SEA/C l Mhlil/ia l~u o t upI'Io ve d 

integrated diefpirtil 

prujec I 

90 'U 0U ( Jyt b ) 

aiiI 

Ii addition to the albuve,flitl'AI. is in cliudhif) a i tcllical culltrihtli ill two n1ajii ucLiui-ecunonie 

evaluatil)1 oh tle iliplct iif INFL tecliliulucy - en,. Wilhi the East-West Cuelrtre (undler IS ) al d the uiler 
witl Univecsity of Hiiinesuta (undel USAID). liii net Support to NiIlil is writtvii int the project papers
 

funliiig level 
 is under ii'gfo)Iatii i. 

NilIAI.'a i.uternatiunol travel is alaplrmvielted by awards to Icl liday hurn iun-Ni VIAL aourcces. Silice 

Match 1'1, Illiday hueiviailtul Xu~ya (twiie), Egypt (twice), Ituly (twice), france, Sweden, Englaid, 

Ireladi, U.S. mainild (twice), Puertu licu, fleico (twice), Columbia, Peru, IrazIl, Austtalia, Iiduiievia, 

Thailaind, lIdia. 
 (dollar value 21(,O00)
 

*This pr.l-adI can iou be euiluiItted following recent clarifIcat ion that IHalliday, as contract faculty 

aal an Kr;Itllemployer, can act as 'riiicipal Investigator on a grant to the University of Ilawi. . 


