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Summary Findings 

The review team strongly recommends that the project be continued. Detailed 

findings are summarized below: 

I. Project Administration 

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

their morale. 

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

be improved. 

C. AID missions should make better us~of NifTAL professionals. 

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

integrated into the overall project, 

E. The establishment of an External Advisory Board for BNF activities at 

the University of Hawaii is recommended. 

II. Research 

A. The emphasis on inoculum production techniques and the initiation 

of the INLIT program are notable achievements. 

B. A viable data analysis system for INLIT- ~hould be developed prior 

to submission of a project renewal request. 

C. Staffing requirements need to be reassessed before ~xpanding r.he I~~IT 

program. 

D. An expansion of NifTAL research on tropical forage legumes ~s recommended. 

III. Training and Information Dissemination 

A. NifTAL should be commended for its wor'.dwide leadership in Rhizobium 

technology training. 

B. The encouragement of other donors to provide training support funds and 

reimbursement for informat~on services is recommended. 

http:informati.on


IV. Outreach Gnd Technical Assistance 

A. AID m~~agement should take more initiative 1n assisting NifTAL's work 

in LDC's through improved infQrm~tion dissemination to field missions 

and other donors. 

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

countries in the project renewal request is recommended. 



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 Forag~ Legumes in 

the :'Iopics" has completed the fifth year of a SlX year contrac t. The review 

team made site visits to the University of Hawaii and to the Cr:iversity of 

California (Jdvis) which has a research sub-contract. The pCli.?USe of the reVl.ew 

was to assess project periormance, to date, an ~rovide guidance on projec:: 

direction and contiQu~tio~. 

The review team, unanimously, thinks the project 1S of high quality, and 

lS making a substantial contribution to the disseminatiun of knowledge and 

materials to enhance the application of techniques for manipulating symbiotic 

nitrogen fixation in tropical crops. The team st~ongly recommends that the 

project be continued. 

Several features of the project which are particularly noteworthy and 

exciting are: 

1) Development of small scale low capital inoculum production systems 

and the proposed consulting and advisory role of Nif'lN. on estab::'ishing 

inoculant production facilities in LDC's. 

2) The scientifi~ competence and enthusiasm of the ~ifTAL staff. 

3) The ou~standing BIlizobium culture collection and availability 

of this collection to BNF scientists worldwide. 

4) The initial positive Jteps to develop and i~plement the International 

Network of Legume Inoculation trials. 

http:NifTA.kT
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Overvit!T..l 

The basic NifTAL program hee.dquarter.s are on the island of Maui in building 

leased from Maui county. Th1S program, with a staff of thirty, is under the 

jurisdict::'or. of the Soils and Agrollowy Department of the College of Tropical 

Agriculture of the University of Hawaii. Th~ progran also has a subcontract with 

t~le University cf Californi.a (Davis) on soil stress tolerance of genotypes of 

leguroe hosts dnd Rhizobium. 

Although somewhat isolated from the Qain campus of the University of Hawaii, 

the ~:.1i sile is ideal for. training activities and research on tropical legumes 

and Rhizobium. Some land is availabte for experimentation at the site and 1n 

severa]. nearby areas. 

The team was impressed with the international leade.rship role of NifTAL in 

scientific and technical training of LDe personnel and a number of its research 

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

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

Administration 

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

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

and objective management. 

The personnel at ~ui are enthusiastic about the program and exhibited 

good morale. The project appears to be making good progress and certainly is 

pldying a leadership role in the training of young scientists and technicians 

1n the implementation of nitrogen fixation technology. 

The team recognized a need for better integration of NifTAL with programs 

at the University of Hawaii, although some re~ent progress has been made. Two 

large AID supported programs, NifTAL and Benchmark Soils, are both located 1n 
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the Department of Soila and Aareonoey. plaeiDa & IQb.tautiai burden 6~ one 

department. Th. Univerlity .dmini.tration i. conaiderinl the eatabLi,hment of 

an interdisciplinary program for Biological Nitro~en Fixation within the College 

If 10 , NifTAL miibt fit .,.ily into luch a fT&mework and p e ben~fited by it. 

Several IUlle.cioo. .. , b. con.idered by tbe contractor which would e.tabli.h 

NifTAL more firmly wi~bin the un~ver.ity framework, and overcome lome of tbe inherent 

di.,dvant"e. due to ita relative aeolrap ieal i.olation . The Department or C· llege 

should be more actively involved in the reer iemene and evaluation of professionals 

for NifTAL. 

facil i tated . 

Sub. eque.tly. ten~.n"-promo "lOn of the.e faculty member . could be 

Procedures ub~~ la be established .0 that current fa culty members 

in the Department could more r eadily be used on a short-term basis in NiftAL 

projects, particularly the Network activities. Thi. wou) d also contribute to 

the deptb of esperience within the Department. Greater use milht be m.de of 

Strengtheninl Graut and Section 406 funds to further facilitate integration . 

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

of outposted staff of NifTAL. The Department .hould alao be involved in the 

recruitment and evaluation of araduate .tudents. The above actions al.o would 

~mprove the linkaae between basic research and field applicatbon. 

We believe that tbe NifTAL proaram has attracted a number of first cla •• 

profe •• ional.. Somehow, th~.e workers should be better known and made more 

available to AID mi.sions tbr9uabout the tropics tbrouab an improved communication 

.Yltem with AlD I This action wou!~ improve AlD's return 00 its investment by 

extendina the benefit. of NiftAL talent and expertise to field mi.lions, many of 

whicb have prorrams in this area. AID mechani ... would .110 be useful in participant 

recruitment tbrouab advertisin& and Ichedulina . 

The team recommend. the research lubcontract with the University of California 

(Davis) be better intearated into the Hawaii program. Altbouah the relearch per-

formance at Davia is impressive, ~~th programs ~ouv~ &aio substantially through 
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b_ettat' cCJaIII.LIlicacioSl. III the futu!'. tbe Hif'tA!o pr0p'Ul could. benefit by similar 

.ubcontract. at otber iu.titutioD' for .ome of the more ba.ie re •• arcb component •. 

BU41et and Fi nancial: The quality of project budCec and financial management 

wa. judl_d .aci .factory by the team. However, lome ,ulle.tioD. miaht b. COD' ide red 

to even further iocr ••• e return, from expenditure •• 

Altbouab the pre.ent .y.te. i. adequate, planniDI and budl«tine by objective 

would make it ea.ier to define the true costa of lome activitie. . This i. especially 

true f or traininl programs. We believe that other .ource. of support for training 

activities could be explored (i.e .• AID Missions, FAO; otber national. bilateral 

and multilateral aiene ie,) once real costs for training are properly evaluated. 

The t eam favorably endorses the use of "The Research Corporation of the 

University of Hawaii" as a disbursing vehic:le fo r fu.nd,. 'l'hi. m.ec:hanism has 

t ertainly avoided lome of the financ:ial diffic:ulciu that frequently are enc:ountered 

through traditional univer.ity channe •. 

Ea.rlier we recoa:mend~d that Ni ,,'AL make eater u.e of University of H~wai i 

faculty i n .hort-term ass ignment • . · Thi. both the Univer.ity .nd 

NifTAL. To facilitate tbi. activity the Univer.ity of Hawaii .hould more clearly 

de f ine its policy to department. on tbe method. for tran.ferring fund. or line 

item. for .alarie.. In moat univer.itie. cbi. can be accompli.hed in one of 

two ways. 

1. WheD a . faculty member i. vorkinl on a .bort-term contract a •• ignment, 

he remains on bi~ university line and the dep.rtment is reimbursed for 

hiJ .alary from contract fund.. These monies can then be used by the 

department for &lleviatlDI Iv •• e. to the program from these temporary 

ab.encu. 

2. A faculty member is tran.ferred to a 

contract line during his ab.ence from tbro regular department activities . 

The vacant state line can then be us~d for another appointment to make 

up for tbe temporary los • • 

, 1 _ _ _ --' _ ____ ---1L _ ______________ ...... 
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External Advisory Board: The team strongly recommends t...~at an External 

Advisory Board for BNF activities at the University of Hawaii be e~tablished by 

the University of Hawaii. This Board cOelld be composed of na.ti,)nal and foreign 

scientists, as well as represeu~atives of other user groups. The Board would 

provide policy guidance t~ the University of Hclwaii, improve the coordination 

with ot~~r groups working on nitrogen fixation and enchance the opportunities 

for othe: institutions and pva's tl. b~cDme i~volved in the Network activities. 

This would be ver} important ao1 ~.i.£TAi moves into more country rrograms where 

much could be 6a~ued by working throu~n institutions (including AID-University 

contracts) now in place. 

Evaluation of Rese2rch Efforts at NifTAL 

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

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

the five, only l~O. 4 way not be judged a major research item. 

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

strains which have been varified and tested on targeted J.egumes 

for distribution to researchers wot'ld-wide. 

2) Development of an improved inoculum delivery technique to ensure 

effective dependable field inoculation. 

3) Development of improved techniques and cultural systems to exploit 

more fully the nitrogen contribution of legumes in tropical cropping 

systemd. 

4) Developme~t of training programs on applied research and technology 

of Rhizobium bacteriology for techn~cians and scientists in tropical 

countries, and 

5) revelop a for~l Network of cooperators 1n the tropics for field 

testing of Rhizobium inoculants. 
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Max~um emphasis and success has heen achieved for objectives 1, 4, and 

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

2, and even l~ss activity and development with 0bjectlve J, These differences 

are recognized by the ~ifTA..::. staff aud represent a cieC1Slon 'In research pri.:>rities 

based on b!..ldgerary and manpower constraints (see NifTAL Annual Report, 1978-79). 

Research priurities supported all other training or uutreach prugram and by 

ResearLn progress rel~tive to objectives are turther defined: 

1) The development of a collection or ~~!li2'obium strains. 

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

legumes spe'_'ie::,) proviJes a most valua::>le resource for BNF research and LDC USP.. 

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

increase markedly in the future. This activity was necessary to '3upply the 

best possible strains for the International Network of Legume Inoculation 

Trails (INLIT) which dre now just beginning. INLI'! :I~'.:>uld provide a useful 

vehicle to evaluate some of the more promising strains identified in the 

coll~cti.:>n under a variety of conditions. It is also the place where the 

research on selection of Rhizobium strains tolerant co soil stress factors 

(sub-contract University of Californ~a at DavLs) will receive field verification. 

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

has occurred. Likewise, other research demands and a shorta5e of technical 

help will limit the most desirable fu~ther evaluation and characterization 

of strains for numerous othe.r properties and attributes. This is a common 

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

2) Development of an improved inoculum delivery technique. 

Nif:AL 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 LDCs. The Flanning for pilot studies 



in selected LDCs is an excellent step. Associated st~dies of Rhizobiu~ 

survival at high temperatures during inoculum shipment and storage is 

informative and useful. 
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FurthermorE, the possible development of an outreach for providing a 

technical consultant service to U::3 on inoculant production te<.:hnology 

seems pa;:ti'::'.Jlarlyexclting and useful. 

These positive C,)[IUIlE..-'ts should be tempered by the fact that the 

proposed small-sca12 t~chnulogy for inoculant production has been developed 

only witj pre-sterilized peat inoc~lants. Suitable peat dep~sits may not 

be available in many LDCs. It would appear that a priority should be 

givel: t~ Jevelcpin6 research on alt2rnate carriers, which must proceed 

simultaneously with those of small-scale production facilities. Perhaps 

the use of outside research grants modeled after the University of 

California at Davis approach would be helpful in overcoming this limitation. 

Additionally, the development of inoculation techniques suitable and attractive 

for small-holder farmers must also be developed and thought given to how this 

information and technology can best be disseminated. 

3) Development of improved techniques and cultural systems to exploit legumes. 

This objective, thus far, has not been a high priority. Research has 

been conducted on starter nitrogen effect~ and phosphorus nutrition effects 

on legumes and the legume symbiosis. The initial studies to find legumes 

and Rhizobium strains less affected by the presence of sailor fertilizer 

nitrogen lII.3.y be a useful approach. Logical studies on intercropping have 

been deemphasized because the International C~nters with ~ommodity orientation 

have a strong research effort in this area. The review team learned that a 

current graduate student's research dissertation will focus on intercropping 

systems with legumes. 

A definitive interest and research effort ~n agro-focestry systems seems 
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to be emergl.ng. Initial studies with Leucaena spp. are already in progress. 

It is commendable that outside research funds are being sought to supplement 

NifTAL Project funds for supporting these and~ther studies. It seems 

appropriate that NifTAL continue to expand their if1vulveme.nt with other kinds 

of useful legtimes whenever appropriat~. 

4} Development of training programs in applied research and technology. 

Research effort is largely supportive, and this topic is described 

1.n the training section of this report. 

S) International Network of Legume Inuculation Trials (INLIT) 

Appreciable p~ogress has been made in the implementation phase of 

Im.IT since the Januar~l, 1979 planning workshop. The research data to 

be obtained raises the potential for great benefits to the world-wide 

community of BNF researchers and the LDCs. I~LIT implementation appears 

well planned and ~naged, and holds a very prom1.S1.ng future. 

However, the review team was so~ewha[ surprised t~at the details for 

analyzing and summarizing the large volume of data that are to be generated 

have not been worked out. Planning details on the procedures for regular 

and rapid dissemination of this data in the scientific community after 

aualysis and sl~rization also needs ~o be add:essed. These items can be 

costly both in terfuS of human resource and financial requirements. It is 

important that these lssues be resolved prior to the submittal of a project 

renewal request. 

Some concern was expressed by the review team that the implementation 

and continuation of the Network may be so time consuming to the regional 

coordinators that other resp.arch goals may be diluted. Additional staffing 

may be needed to prevent this detrimental impact. Alternately, specific 

research topics could be sub-contracted to other scientists. 
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Consideration is being given by the NifTAl staff to the idea of 

outposting staff members in geographical regions of the tropics to assist 

in the development 0f 5NF programs and meet NifTAL goal: more effectively. 

Ir seems appropriate that this be done if administrative details can be 

worked out, and this approach should provide a valuable servlce and resource 

to LDC programs in BNF. Initial locations under consideration are in Africa 

(Kenya) or Asia (Thailand). Outposting should h~ve a desirable impact in 

enhancing research of problems specific to a region and expedite the transfer 

of BNF technology. 

The Review Team also encourages greater cooperation of NifTAL and 

faculty in the College of Tropical Agriculture through the development of 

a joint research effort on tropical forage legumes. Tropical forage legumes 

should be an important resource for Hawaiian agriculture. 

Sub-contract with the University of Califor~ia at Davis :UC, Davis): A sub

contract with UC, Davis (Dr. Don ~unns) has been in effect during the entire 

contract p2riod. Dr. Munns' research focused on the selection of soil stress 

tolerar.t genotypes of various legume hosts as well as Rhizobium. To date the 

research has been successful in finding eff2ctive acid tolerant, ~n and Al tolerant 

strains of Rhizobium some of which have been included in the Network trials. 

Current studies are centering on P nutrition ef,and salinity influences on, 

Rhizobium and the methodology and initial results are unique and exciting. 

The que~tion was raised during the reV1ew concerning continuation of 

this linkage with the University of California, Davis, during the next contract 

extension. The Review Committee felt that the research by Dr. Munns' laboratory 

should continue to provide a valuable input to the goals and objectives of 

NifTAL and therefore it is reco~ended that this linkage continue 1n the contr3ct 

extension. Logically any continued research on acid tolerant Rhiz~~ should 
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be coordinated carefully because of the expertise 1n this area of Dr. J. Halliday. 

The future strength of this linkage could be improved by tying the graduate 

studies of University of California, Davis, students of Dr. Mu~ns' more closely 

to NifT.AL. Experience and training of these students at NifTAL would enhance 

their education and provide them a grea~~r appreciation of the significance of 

their research work and tie their research more closely to NifTAL's goals and 

objectives. 

Trainin~ and Information Dissemination 

The team extensively reviewp.d the training and information activities. 

Training. The training component includes short course~ (mostly ln other 

countries), an intern plogram for scientists and technicians and a graduate 

program. There is an increasing demand for the training in the LDC's and 

non-USAID donors are beginning to participate in these programs. The review 

team feels that training costs should be carefully analyzed and a schedule 

of costs published to encourage participation by all user agencies .. Alternate 

vehicles for recruitment of trainees such as USDA/OICD should be explored. 

Dissemination of Information. The scope of NifTAL's information dissemination 

activities was broadened in FY 1979/90. An Iuformation Section was formed and 

staffed by an information specialist, a bibliographer, part-time artist, and 

editorial, circulation and clerical assistants. A list of publications is con

tained in Attachments A through U. 

An extensive but highly specialized document collection, along with a core 

of basic reference books, serve the staff and trainees as a library for special 

research purposes. These resources are also available to eligible clients aboard. 

So far, 900 addressees in 88 countries have been involved in information ex

change. The review team recommends that the possibility of cost reimbursement 

from international agencies I country programs and AiD missions for these services 

should be explored. 
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Outreach and Technical Assistanc£ 

NifTAL management is proceeding in developing linkages with the LDC's and 

International Centers through its programs of bilateral and re6ional training 

workshops and seminars, training programs for LDC personnel at NifTAL facilities 

at the University of Hawaii as well as through the development of the International 

Network of Legume Inoculation Trials. The information rnateri,als developed at 

NifTAL relate~ to the abov~ activities are well presented and detailed, Dis

tributio~1 of these docum'2nt!J i3 made available to a wide range of international 

and r.ational organizations and individuals associated with or involved in BNF 

actl.vities. 

Sl:reamlining information flow and the procedures involved in developing these 

NifTAL outreach activities remains a continual task. While some satisfactory 

linkages ~f the project are being forged in several LDC countries (Thailand, 

Zambi~). NifTAL management 1S hampered by some time-consuming operational 

me~hods. AID should take more oi an iuitiative in helping to find additional 

a10ld more efficient mechanisms. 

As pointed out in the May 2,1971, evaluatior. (Deane Weber, etc.) a 

recommendation was made for AID to "playa far more active role in forging 

links between the NifTAL Project and operational agricultural development 

projects, and between NifTAL and the LDC's". Essentially this recommendation 

1S still appropriate and can be further defined to incluce: 

1) Fuller use should be made of the AID information delivery system 

(cables and letters) to missions that describe NifTAL services a:~d outline 

potentials of MifTAL activities to local agricultural deve.1.opment !>tra.tegies. 

2) The AID Project Manager shc"'d help educate regior.al Bureaus 1n 

Washington and explore areas of cooperation whereby NifTAL 1S better 

understood within the agency. 
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3) The AlD Project Manager should expand and maintain contacts with other 

organizations and agencies (such as Peace Corps, private voluntary agencies, 

and National Science Foundation) and encourage participation with their 

resources in the NifTAL program. 

To further ~lifTAL outreach needed in satisfying the rapidly expanding 

technical assistance requests in the field of BNF by LDG's, the team recommends 

the proje~t extension include a funding component for these purposes. This 

should be separate from the core research funi and designed to provide expertise 

on a case-by-case basis for special research and outreach issues in the developing 

countries. This service should be then n~de known to AID missions and respective 

host country ~ rsonnel. Procedures for engaging these services can be similar to 

other DSB centrally funded activities. An example of NifTAL' s attempt to broaden 

its resource base can be se;,,~c ic Table 1. These attempt:il should be encouraged. 
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Broading NifTAL's support base - Sununary of Progresl:l. July,198'J 

Project 

iletter indoculants for acid 1.n 
ferti!e ~oils of tropics 

Legume Rhizobium Genoplasm for 
Tropical Soil Conditions 

An allelopdthic interaction between 
a grass and a legume 

Nitrogen fixing trees for agro
forestry systems 

International Workshop on 
llNF Technology 

Participant training sponsorship 

llean/Cowpea CRSP 

Appropriate inoculation technology 
fur propaga: ion of leguminous trees 

Boil management CRSP 

Promiscuity as a tool for selecting 
chickpea chizobia for India concii
tions 

Source of Funds 

USDA SEA/CR (USAID) 

IJH Section 406 

USDA Competive 
Grants 

ICRAF (International 
Council for Research 
in Agroforestry 

CIAT 20.000 
ICRISAT 25,000 
USDA SEA/cR 57,000 
UNESCO 8,000 

UNESCU 

USAID 

USDA SEA/CR 

USAID 

USDA SEA/cR 

P .1. 

Halliday 

HallidClY/ 
Stockinger 

Tang/Bartholomen 
Whitney/Halliday 

Ha lliday/Na ir 

Halliday 

lia lliday 

Halliday 

Halliday 

lIalliday 

McNeil/Sandhu 

Status 

Funded 

on hold* 

Funded 

Funding 
probable 

Funding 
obligated 

Funding 
aSfJessible 

UII excluded 
by planners 

Plepl-oposal 
approved -
full proposal 
pending 

under review 

not approved 

Amount 

90,000 Oyrs) 

195.000 (3yrs) 

25,000 (3yrs) 

200.000 (3yrs) 

110.000 (one-time) 

10,000 (per year) 

200,000 (3yrs) 

90,000 Oyrs) 

undefined share of 
integrated departmental 
project 

90,000 (Jyrs) 



In addition to the above,NifTAL is includ~d as a tecllnical contributor in two major socio-economic 

~valuat;ions of the inpacts of BNF technology - one with the East-\.Jest Centre (under NSF) and the other 

with University of Minnesota (under USAID). Direct support to NifTAL is written into the project papers. 

funding l~'lel is und~r negotiation. 

NifTAL's internat iona I trcvel is supplemented by awards to Ha 11 iday from non-NifTAL sourc es. Since 

Harch 1979,lIa11iday has visited Kenya (twice), Egypt (twice), Italy (twice), France, Sweden. England, 

Ireland, U.S. mainland (twice), Puerto Rico, Mexico (twice), Colombia, Peru, Brazil, Australia, Indonesia, 

Thailand, India. (dollar value $20,000) 

*Thi5 proposal can now be resubmitted following recent clarification that Halliday, as contract faculty 

and an RCUll employer, can act as Principal Investigator on a grant to the L..iversity of Hawaii. 



ATTACHMENT A 

Published Publications and Documents Sp'lsored by NifTAL 

1. Berger, J. A., S. N. ;.'~Y) L. R. Berger, and B. B. Bohlool. 1979. 
Colorimetr ic enzyme - Link immunosorbent as sa y for the ident if~ca tion 
of strains of Rhil..:Jbium in cultures and in the nodules of lentils. 
AppL Environ.' Microbia 1. 37 (3): 642-646. 

2. Bose, J. II. 1979. The legwne/Rhizohium symbiosis in tropi.cal agriculture: 
A selective bibliography with annotations. Uoiv. Hawaii. 193 p. 

3. Sase, J. II. 1·?8U. The leg'_ll11e/l"Zh~zllbillm sywbiosis 1.1"' tropical agriculture: 
A biblicJgraptll': update. Loi'J. Hawaii. 107 p. 

4. Cassman, K. C. L979. The phosphorus nutrition of two grain legumEs as 
affected by mode of nitrogen nutrition. Ph.D. Dissertation. Univ. Hawaii. 
95 p. 

5. Cassman, K. G., .~. ::.,.";hlC~·ley, and K. R. St,jckinger. ~)SO. Root growth 
and dry m3cter dlstribution as affected by phosphorus stress, 
nodulation and N source. Crop Scienc~ 20(3):239-244. 

6. Cassman, K. G., A. S. Whitney, and R. L. Fox. 1980. Symbiotic nitrogen 
fixation by legumes requires extra phosphorus. Illustrated concepts 
in Tropical Agriculture. Uoiv. Hawaii, Dep. Agron. Soil Sci. No. 17. 

7. Guevarra, A. B., Y. Kitanura, A. S. Whitney, and K. G. CaSSQan. 1980. 
A low cost system fer circulating nutrient solutions in pot studies. 
Crop S~ience 20Cl): 110-112. 

8. Harris, S. C. 1979. Planning an international network of legume inoculation 
trials. Univ. Hawaii. 241 p. 

9. Keyser, H. H., and D. N. Munn~. 1979. Effects of calcium, manganese, and 
aluminum on growth of rhizobia in acid media. Soil Sci. Soc. of Am. J. 
71 (2) ; 256- 260. 

10. May, S. N. 1979. Ecological studies on h:ntiJ. rhizobia: Competiti.on 
and persistence in some tropical soils. M.S. Thesis. Univ. Hawaii. 
54 p. 

11. Munns, D. N., et al. 1979. Tolerance of soil acidity ~n symbiords of 
mung bean with rhizobia. Agron. J. 71(2):256-260. 

12. Reyes, V. G., P. Somasegarau, and D. N. Munns. 1978. Catalog of selected 
strains from the NifTAL Rhizobium collection. Univ. Hawaii. 16 p. 

13. Samasegaran, P., H. Hoben, and J. Halliday. 1979. Practical exercises 
in Rhizobjum technology: A training manual. Vniv. Hawaii. 

14. . 1979. International network of legume inoculation trails: Experiment 
A. Univ. Hawaii. 19 p. 



15. Singleton, P. W. 1979. Effect of inoculation with Rhizobium bacteria 
on Arachis hypogaea. M.S. Thesis. Univ. Hawaii. 70 p. 

16. Vincent, J. M., A. S. Whitney .. and J. Bose II. (Editors). 1977. Exploiti:.~g 
the legume. Rhizob ium symbioses in tropical agr iculture. Uni v. Hawa ii Call. 
Trap. Agr. Misc. Pub. K/5. 467 p. 

17. Woomer, P. L. 1979. Root tuberization and nitrogen fixation by Pac:hyrhi.zus 
erosus (sic), M.S. Thesis. Dniv. Hawaii. 96 p. 

18. Annual Report NifTAL Proj ec t. Univ. U",·",ai.i. 1975-76. 

19. Annual Report Nie.u Pl'oj~ct. Univ. Hawaii. 1976-77. 

20. Annual Report NlfIAL Proj~ct. LJniv. Hawaii. 1977-78. 

2l. Annual Report NifTAL Project. Univ. Hawaii. 1978-79. 



Publications and L'ocuments Sponsored by NitTAJ 1.n Final Preparation 

1. Cassman, K. G., A. S. Whitney, and R. L. Fox. 1980. Phosphorus requirements 
of soybean and cowpea as affected by mode of N nutrition. Submitted to 
Agron. J. 

2. Eriksen, F. 1. and A. S. Whitney. The effects of light intensity on the 
growth of some tropical forage species. 1. Interaction of light intensity 
and nitrogen fertilization on six for~ge grasses. Submitted ~o Crop 
Science. 

3. Eriksen, F. I. ~ .. .j A. S. whitney. The effects of light intensity on the 
growth of some tropical forages specles. I~. Legumes. Revised manu
script to be submitted to Crop Science. 

4. Eriksen, F. I. ~nd A. S. Whitney. The ~ffECLs of llght inte~sity on 
acetylene redu~ti0n, dry matter dccumulaticn anJ grain yi8ld of 
soybean, c'owpea and busnbea;1. Hanuscript submitted to jepartmental 
review and subsequently to Crop Scienl~. 

5. Guevarra, A. B., A. S. Whitney, and Y. Kitamura. Nitrogen relationships 
among some tropical legumes and their associa ted grasses. I. Maize
legume inrercropping experiments. First draft manuscript for submission 
to Agron. J. 

6. Guevarra, A. 3., A. S. ~litney, and Y. Kitamura. Nitrogen relationships 
among 50l;:;e tropical legumes and their associated grasses. II. Nitrogen 
competit1.on and relE:ase among contd:ner-grown plants. Manuscript in 
preparation for submission to Agron. J. 

7. Kitamura, Y., A. S. wnitney, and A. B. Guevarra. 1980. Legume growth and 
nitrogen fixation as affected by plant competition for light and soil 
nitrogen. Submitted to Crop Science. 

8. Kitamura, Y., A. S. Whitney, and A. B. Guevarra. Nitrogen iixation and 
nitrogen transfer in grass-legume mixtures as affected by the levels 
of starter nitrogen. ;1anuscript in preparation. 

9. Singleton, P. W., W. G. Sanford, and K. R. Stockinger. Effort of varying 
proportions of effective and ineffective nodules on the growth and 
nitrogen fixation of soyb~an (Glycine ~). In departmental review. 

10. Annual Report NifTAL Project. Univ. Hawaii 1979-80. 



ATT Ar.HMENT '-

Brochures, Newsletters, Bulletins and Announcements by NifTAL 

Brochures 

Questions and Answers About' NifTAL. 1976. 
What is NifTAL. 1979. 
Training Opportunities. 1979. 
An International Network. 198C. 
Training Opportunities. 1980. 

Newsletters 

Notes from NifTAL (for trainees) 
December, 1979. 
May, 1980. 

Bulle tins 

8(iological) NCitrogen) F(ixation) Bulletin. Univ. Hawaii (also 
Consortium for BNF). 
March, 1S80. 
July, 1980. 

Announcements 

Courses: Nairobi; Malaysia; Mexj~o (in preparation). 

~onferences: CIAT; NifTAL; ICRl~AT 



ArI'ACHMENT D 

Papers Presented 

1. Burton, J. 1980. Paper presented at Biological Nitrogen Fixation Worksho~, 
FAO, Rome, Italy, June 16-20. 

2. Cassman, K. G. 1978. Paper preseIited at Amer. Soc. Agron. Annual Meeting, 
Chicago, Ill., November. 

3. Cassman, K. G. and p. N. Munns. 1980. Soil N availability and assessment 
of symbiotic N2 fixation. Enhancing biological production of ammonia 
from atmGsph~ric nitr0g~n and soil nitrate. National Science foundation 
and Univ. Calif., Davis, June 29-July 2. 

4. Davis, iI.. J. 19bO. What 1S NifTAL? What is the Internat10nal Network? 
All I':1dia Coordinated Pulse i,.jorkshop, Kanpus, India, \pril 7-lJ. 

5. Davis, R. J.) J. :ia11iday and P. SOlliasegaran. 1980. An international network 
of legume in,.)Lulation trails .. -\mer. Soc. Microbiol. Annual :1eeting, 

6. 

2'liami neach, Fla., :1ay 11-16. 

Eriksen, F. I. and A. S. wnitney. 1977. Light intensity effects on yield and 
nitrogenase activity of three grain legumes. Amer. Soc. Agron. Annual 
Meetings, Los Angeles, Calif., Nov. 13-17. 

7. Guevarra, A 6. 1977. N Contributions of legumes to cropping systems. In 
Fertilizer INPUTS: Research Methodology Assessments. East-West Center 
Resource Systems Institute, Chaing Mai, Thailand, May 18-27. 

8. Guevarra, A. B., Y. Kitamura, A. S. Whitney, and J. R. Thompson. 1977. Yield 
of Leucaena 1eucocepha1a and its nitrogen contributions to intercropped 
ma1ze. Amer. Soc. Agron. Annual Meetings, Los Angeles, Calif., Nov. 13-17. 

9. Halliday, J. 1979a. Paper prese~ted at Amer. Soc. Microbiol. meeting, Honolulu, 
Hawa ii, 1".ay. 

10. Halliday, J. 1979b. Paper presented at North Amer. Rhizobium meetings, 
College Station, Texas, June. 

11. Halliday, J. 1980. Paper presented at Biological Nitrogen Fixation Workshop, 
FAO, Rome, Italy, June 16-20. 

12. Keyer, H. H. and D. N. Munns. 1977. Characterization of rhizobia in an acid 
environment .. Sixth Ar.er. Rhizobium ConL, Gainesville, Fla., Aug 29-Sept. 2. 

13. Xay, S. N. and B. B. Bohlool. 1978. Application of immunofluorescence to the 
selection of highly competitive strains of lentil Rhizobium. Amer. Soc. 
Microbiol. Annual Meeting, Las Vegas, Nevada, May. 

14. May, S. N. 1979. Paper ~resented at North Amer. Rhizobium meetings, College 
Staticn, Texas, June. 



15. McNeil, D. L . 1980a. Nitrogen transport Ln soybeans. Hawaii Plant Physiology 
meeting, Honolulu, Hawaii, May. 

16. ~cNeil, D. L. 1980b. Nitrogen transport Ln soybeans. Vienna, Austri?, June. 

17. Padmanabhan, S., R. W. Weaver, and L. W. Barnes. 1977. A simple shielding 
method for avoiding excessive root-zone temperature in contained-grown 
legumes in the glasshouse. Sixth Amer. Rhizobium Conf., GainesvillE!, Fla., 
Aug. 29-Sept. 2. 

18. Reyes, V. C and P. L. Nakao. 1977. Cross Infection in the Vigna and 
Arachis ';;[Jp. by cowpea type rhizobia. Sixth .ewer. Rhizobium Conf., 
GainesvIlle, Fla., Aug. 29-Sept. 2. 

19. Singleton, P. ~. 1978. Paper presented by Amer. Soc. Agron. Annual Meeting, 
Chicago, Ill., Ncvember. 

20. Somasegaran, P. 1979. Paper presented at North Arner. RhiZOQi,~ meetings, 
College Station, Texas, June. 

21. '.{hitney, A, S. 1]75a. Symbiotic and nonsY1Dbiotic nitrogen fj:<ati0n as viewed 
by an agronomist, p. 51-75. In Proceedings of a Soil and ~ater Management 
Worksho?, Washington, D. C. 

22. Wh i r: ne y, A. S. 197 '5 b . 
of mixed swards: A 
Biological Nitrogen 
Nigeria, Octobe~. 

Contribution of forage legumes to the nitrogen economy 
review of relevant Hawaiian research. Symbosium on 
Fixation ~n Farming Systems of the Tropics, Ibadan, 

23. Whitney. A. S. 1976a. NifTAL inoculum production gor legume-based research . 
.!E. Fertilizer INPUTS. Proceedings East-West Center Resource Systems Institute, 
Honolu~u, Hawaii, June 6-19. 

24. Whitney, A. S. 1976b. NifTAL Rhizobium ['esearch pl'ogram. VIII RELAR 
(Reunion Latinoamericana de Rhizobium), Cali, Colombia, Oct. 18-20. 

25. Whitney, A. S. and B. B. Bohlool. 1977. 
the exploitation of nitrogen fixation 
legumes. Sixth Amer. Rhizobium Conf., 

NifTAL's rcle in increasing 
by tropical agricultural 
Gainesville, Fla., Aug. 29-g~pt. 2. 

26. Whitney, A. S. 1979. Paper presented at 12th Hawaii Fert. Coni., Kahului, 
Maui, Halo/',aii, April. 

27. l-lhitney, A. S. 1979. Improving N Contribution of legumes in Hawaii. Amer. 
Soc. Microbiol. meetings, Honolulu, Hawaii, May. 

28. Wc)o!!1.er, P. 1., A. B. Guevarra, and K. R. Stockinger. 1978. Winged bean 
investigations at the NifTAL project: Observational garden, Rhizobium 
strain testing and response across a liming gradient. Workshop/Seminar 
on the Development of the Potential of the Winged Bean, Los Banos, 
Philippines, January. 

29. Woomer, P. L. 1975. Paper presented at North Amer. Rhizobium meetings, 
College Station, Texas, June. 




