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PES: N.FIXATION, LIHITING FACTORS· 931·0610 6/81 

\3. SUMMARY: 

NitTogen deficiency in c~op. ia a major limiting factor in food production. Current 
and anticipated COIC5 of fertilizer nitrogen limit it. ule. Economic ule of 
biological nitrogen fixation (Bt~r) a. an alternatiVe demands a reliable BNF 
technology. 

Research under chi I limiting factor program addres ••• the problems of quality 
inoculantl and inoculation technology, other limiting faccor. to inoculation, 
nitrogon fixing efficiency in both crop and nodule bacteria, and general crop pro
duction. Results provtde information expected to enable farmors to effectively Ule 
tht. low co.t nitrogen delivery Iy.tem. Thi, program in a mOlt complex rel •• rch 
area 11 only Ilx years old and is beginntng to provide .ignific.nt re.ultl capable 
of u.e in LOCs to inc rea •• legume production. 

To dlte, 41 lub-gronts Cor three year proJect I h.ve b.en awarded t~ 21 U. S. 
unlverlttiel, with 34 principal tnv •• tt •• tor. and I comparabl. nu~ber of araduate 
Itudentl (many fro~ LOOI). At le.lt 23 Icienti.t. [rom LOC. have b~ln .upported 
for coll.borative work in 16 of the 41 .ub-ar.nt.. A coordinatina n..tina t. h.ld 
annuilly. 1n 1981, • workshop WII hlld It CIAT wtth 190 participants to provide an 
al.ell~nt of the ule of BNF technology in the troplc. and to promotu tlchnololY 
tranlfer. 

Th. unu.ual Mch.n"", of thl. proJ.ct (to Cund I PASA With USDA/CSRS whlch tn 
turn flAk ••• ub-arlntl to U.S. In.tituttons) 11 I lound on.. C.rlCul conald.rltton 
by • S.lectlon Connttte. h gtvln to the Icllntiflc qullttY of the propollh for 
lub-ar.nt. II well II to the lik.lihood of It I contribution to LDC probllnl. Thl 
Irrlnsem4nt I, COlt-ftteCttvI Ind drl"l on I broDd b ••• of Ict,ntiflc .xplrti.1 
thlt would not oth,rvl.e have b'ln Iv:tllble. 

R .... rch artl ... have Includedl lurvivll of root nodule bae-teril in inoculantl, i"
provod 1noculDntl, condition. Cor handlin, and Itor'll ot inoculant., ntthodl of 
u.inS lnocul.nt., •• 1Ietion of rhilobill Itrainl .d.pt.d to ho.t, loll Ictdity, 
tlmplraturo. ~oi.ture .trl'I, pI.ti c idll, flrti'illrl, other "icrobo •• nd pllnt 
root., Ill.ctlon to tmrrovo SN' ,.nltic c.p.btltty of pllnt, Of(ICtl 01 chlnica1 
nutrl,nt daftctonct • • , pllnt peltl .nd ch. mScal toxictttll, II w.11 •• Rhilobiun -
hOlt tntar_ctlonl with mlny or the mbovc flctor,. 

Protre • • hi . been highly .ltS.Clctory wtth r llelrch re.ultl docuntnted in 21 r,l.reed 
Journ.1 .rtlcle., In l2 r.port. It worklhopl, nltton.1 .nd 'ntorn.tlon.l "Ittnll. 
and a th •••• ror H.S. or Ph.D. d.'r •••• 

Much rl. l.rch ,,-.tnl to b. dont. but the rl.llrch done '0 fir hi. i~rovld Itvlral 
tlchnique •• td,ntlfl.d Iltlrnltl clrrllrl thAt h.v, potentl.t II I lub.elLute for 
p. at, provod th.t Improv.d B~' .r(, •• lv,n ••••• n b. br.d Into I.,U .. I, Id.ntl(lld 
br.,dlnA llnll of COwpI ••• nd blnn, for Incrlll,d nltrol.n Itxltlon Ind tol.r.nc •• 
to ~.vlr.l . 011 Ind envlron .. nt.l .trl •••• (I.lt, Hn Ind At). In-country studte. 
hlv, Id.nCI(lld nucrl.nt IlnIC.tlon. on INr In NII.rl., '.n ... Ind I"p., Ind 
In.d"quI'" nodulI' Ion In "oro •• o, '"nl •• I, "".1 •• , 'I'PC, "I •• rll, Iudln, ChilI, 
!I Solv.dor .nd Ir •• II. 



13. SUMMARY (continued) 

The program should be continued for another five-year period. The review process 
should continue u, u,~(' hoth peer reviews and the judgmcn~ of the Selection Committee. 
Participating scientists should meet t0gether on a regular basis. Staff from AID 
or USDA should vbit thl' active institutions on an annual basis. 

FlI~un' .111l'JlInCI·flIl'n~~ ILlr prop(lsal~; sll(.uld inc-Iude a list of criteria \I~;l'd to 
l'\'aluate till' suit;lbilit)' uf L'.lch submission. :\lD should impleml·nt a "lropical 
LcgumL' Inoculant Servicp" projl.'Ct to promote IINF tl'chnology transfer; Continue 
the prpsent Rrant proceduH's in which the U.S. univl'rsities an' given major 
responsibility for administering ilnd accounting for funds used both at the i~

sti~lJtion and 0Vt'rSf'ilf, in coopprativl' work. 

Future :-l'qUI·~;tS for n's('arch should cOlltinue th(· present problem an·,is and consider 
pxpansinn t(l inrludl' m(lre w()rk on foragl' I('guml's, work on non-ll'guminCJus trees in 
LOes, Azol Ll dlld blul'-gn'('n algal" Futun' funding ll'v('l!> !;hould maintain the 
",'('scnt Il'vl'! ut program activity. Training of L[)C scipnti"ts under rids program 
should c0ntinll(, with priori~\' giVl'll to !.cientir.ts fl'om counLrie!; lIot previously 
,t'prl'sent£'d. 

ll.. [\'ALUATlO!~ METIIODOLOGY: Sl't' T('am report, pages 7 and 8. 

15. r.XTERNAI. FACTOHS: No rr..1jor chnng<'f'. 

16. 

17. 

1 R. 

1 !; I' t' 1 ~; : ~'" p tl'am rl' por t • pn ~t'!; 1 ') to ilL 

Ol!TI'!!T~; : 'il'e t l'illn n·port. pil~I'~i 13 iI nd 14. 

f'I'Hl';I~d : ~; t' t' l j·.1 III rt·p(.rr, I'd gl·~. L. , ') and 6. 

At !ilch",,"I!'.: .... 1I.',,,'rl III J;,,\'!C'w 'l"'II~i !:V.1111.ltlon of fHolpf!lcn1 Nltrof'cn 
I i)( /I t '() II L 11111 till K 1.11· I II r', I' r II j,' c t I .I U lit' 1 () , 11ltH. 

Il. !;(,PJlr< 01 \JlIr~ - '1,',lIlI I'rlll"rr EVIa 111.1110", 

C I rYin All:, i"'! I \' If \' 11,11,1 :;111'1' t • 

http:ProJc.rt
http:tah:'l.it
http:scienti.ts
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INTRODUCTION 

Biological nitrogen fixation (EKF) has been exploited in 

ag!"icultur~ f""r more than 6000 years even though the process is 

not completely known, What is kDo~n is that nitrogen deficiency 

in crops is a maj~r limiting factor in food production. Before 

the high cost of energy res~lting from hiSh oil and gas prices, 

r.iuch of :.he r.::. trogen for cro? production ""as supplied by cO!TUT'ercial 

!e:tili:crs, Now th~ cost of nitrogen fertilizer prohibits its 

'.lSC to man;:, crops including legumes which formerly used nitrogen 

!e:tilizcr to increase production. 

The Ivg~mes and other plant associations are able to obtain di

nitr09cn !ro~ the air by biological nitrogen fixation. In the 

case of lc-qu:T.c!;, nodules .lrc :formed on the root!; and it is .... ·ithin 

't i i s r t r u c t '.1 ret hat t ~lC P 1 ant ass 0 cia t ion ( 5 ymb i 0 5 is) uti 1 i : C G 

the d:nitroC)cn !ro:n the soil air and convert5 it to a form tho 

plnnt. can use. 

'nlC r:rocc~~!: i!; e.~ploitl~d ""idely in tC'mpcrate countrien and a 

",'hoh~ indu:ary h:l~ f'nclured aroun,,! !1%Jf. In tropical nne.! nubtropical 

porotc'c! into thoir n~~ric\lltul'f: b(:c.'lU!;(, o! Inc}: of t,{'chnolocJY and 

!ttd: (t! t'('cpl;' tr:'lilwc in l\l:r tt·chr.clc,l:'Y, i, p ... :· ... ic~ll.'lr tt'chnoloq~' 

pn(~bl~H' ... LtI~. :'I''H~ not b(~on t·xplc:dtr,c! in l.PC't: hM! bN'"n ""ith 

if)oc~ll1nt~. OVn:; th~ j't"lll"fi n numbtn' of tochni'l'J(H:' hnvo bcan 

uaod !ef inoc~lntin9 lngumon with Dcloctod rhi:ebin. ThaDa havo 



usually been packaged in a peat based carrier. In LDC's, the 

quality of the inoc~!ant has for the most part been poor and 

2. 

1:1 r,.any 0: trlc :'~CIS lit:.:'e i:1foIT.lation e>:ists on producLlg 

quality inoculants and the inocula:1t technology has not been 

exploitee to increase production. Research being performed under 

this limiting factor progrem ad~~esses this particular problem 

an~ other limiting !actors to inoculatio~, nitrogen fixing 

efficiency and general crop production. !t i~ expected to ?rovide 

an in!orrnation base ~hich will eventually enable the smnll land

holder in the LDC'n to effectively utilize this low cost nitrogen 

c5elivcry system. 

• 



3. 

HISTORY OF PROGRAM 

Initial re:e!"ence sho\11c !Je made to proj~ct number 931-0610 

e:1tit1ed "Tear;, P!"oject !:vc.luatior." :c!" detail~ of the reviev.' 

catec June 29-30, 1981. 

'!':lis B~F Lim: U:1g Facto!" p!"ogram in a most complex research 

area is only six ye8!"s old and it is just beyin~ing to provide 

siqnific~:1t !"es\11~s capa~lc cf t!"ans:e!" to the LDC's in supfort 

of legume (!08C, forages, ~rcc~) production in the absence of 

::~ \':,:'5 i:-.i..:i':lted in l\pril o!' 1976 by contract 

~dth USDA/Sti\/Cn .lnd u~i1i:ing the sub-grant approach. 

To date, !orty-one ~ub-g~ents for three-year projects have 

been .''t'v.'.lrc.iec! to ....... 'cn·.:y one c,~, 'Jniv('!"r.itics, \..'ith thirty-four 

P "1' n C l' ~ .. , .; n \' (. ," , (~ .. t, 0 .... ,. "' ... ,~ 
... .:- (.".. .... '" ._ ..... .-;li"", ... ) ..... ~ 

5ccon~ ... h::f·f~-yt~~r phlH~l! of the project to emphasize collaboration 

lOl1nt t\o.'(:ntj'-thff'f~ ::clnntl:.tr. ~·ror;. l.DC countrit~r. hllVC been !undcd • 

. 
rlC'icn'~!!!(: r~It·(··~~:.f~~; ,,"::~'! ':'11 FIB!, r. \o.',J!';:dlnp \o.','!: tl('!d rtt eli'.T in 



4 . 

The original purpose of the grant was to invol e the B~F 

researchers in U.S. universities in a program essen~ial to the 

well bei~g of pecple in the ~D:'s (a US-AID otjectivel I ~o assess 

the s~ate of ~he ~r~ and clabora~e research needs to ~rain 

sc~entists particularly from the LDC's to do BI~F wor~ because 

present capabil:ties are insufficient, and to institute an 

applied :ield-oriented research pros ram essential to the adoptinn 

o! le~~~e-impor~an~ InethodoloSics in the LDC's. 



5. 

n:vo:., \'EME~':' OF LDe' S 

Pr ior to 197 i I the ~!\r pror; ra:ri err.Fha sis \0.'05 plliced on U. s. 

the proJect w~s in the te~hnolo~y d~velopment ~tngc, However, 

since 1977, thCl'C h.'!5 t.een nn incrc8!Jing involvCl:lcrot. of cooperating 

scientist!', in LD':'s,'t-;o:'r,. ~inc~ the inception 0: this project, 

cooperative involvement in 1977, there have been 28 grants to 

U,S, in!3titutions, of .... ·hich 17 tDe's hl\ve been involvec in projects. 

This doc~ not include lntcrnotional Agriculture POfiearch Centers 

(rARC':;) I ""'hich ,1:-e r-nco~!r."aS:('C~ to be C'oopcrntivc in BIJ: work but 

do riot rccci ve "U)), 0: :h(: m:r proj cc t ! undn . 

Prcllcntly th(~:-c h:"\\'c br:cn nt lcn,t 23 Loe Dcicntistc cooprro-

tin 9' ".,. i t h t:.;'. :: c i en t l ~ t :: i nth e!' c 9 r n n t l\ C t i \' i tic r. , The B fJ r 

the nun.bor o! :.nc c;rl,dul1tf' !;~ud('nto trl\intt! In !wi 1 niicrobiology 

4nc! ot~jf'r plhnt :~ci(:ncc:I, 'rh(~:H~ trnint·(' crrfHhll1tc r~~\H~(':'ntn !"6turn 

to t,he: I.[)C'll :-ant! contlnUf- to pr()vic~e lin~"r,f'tl fnr t',f.. !:C',it~nti:lta. 

1P :10 !T!'jl~)2·th:~t to.,l1 'wj'i't~:: C)! .,(;riC'tJlln:·"!(l~\'(;}()p::I(·nt. !:lnce 

l~j'7fj t,L(n'(~ hn'.·f' l,t·t~:j :~Iun' '. hl'1f, 1(1 l.ne qr.it!untr ~~~ \1(1t-n~f! \..'1)0 hnvo 



6. 

the V.S. O~ ~DC's and p~ese~tec papers and published documents on 

their resea~ch. 

~~ a~di~lo~al be~e!i~ ~o the B~r ~esea=ch 1n LDe's is the 

involvemen: ~! new/young C.S. scientists. ~his project provides 

an O?po~tunity 1:or ~heS2 young ::-e5ea!"che~s to l\dc to the U.S. 

~esource ~nsc people who are 3wa:e of LO: proble~s in agricultural 

d(~velo::mc~: anc l~'" ,-1~lis~-.inc.: contacts/lin}:a~cs i:1 LnC' s that \<.'i1l 

mo~e t.ha:-: ~:.}: C: 1 ':' con ~ i nuc beyond the end c! the ?roj cct and 

There hnvc b~cn fi0mc uncxPQc~cd results occuring from the 

hlthoush the rC5carch work on inoculation was 

~"'o""ct·""{;- ".)"'" :~'_ 104_ "'_'" .... ,' •• 

\'ll!"'lc·t!e!l :h.'l~ ' .. 't~re Cllrrer;tly ll\'allr:bl(: in "'11(' country. 1\ local 

. 
il on C~'C1i)r. 'J-.;!lc-r tLlt:'1 ~oyL-t7~nfi. 

http:variet.es
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?ROCE;$ES AND PROCEDURES or THE PROGRAM 

The evaluation team was requested to asseS8 the proqress of 

t!"ie p:ojoC"t and to :nake A de!inite recommendation re9arding fut\:re 

~unding. The stud)' team consisted of Or. Frederick Hu tchinson, 

University of Maine, Chairman, Or. Killiam P. Martin, University 

o! Yoinnesota, Or. Earl R. Swa~lop, University of Illinoil, Or . W. 

Phillip Warren, AID/LAC/DR/RD, and Or. Deane Weber, USDA/ARS. 

Others l'uticipating in the re\'iew included. Dr. Lloyd R. Fredsrick, 

DS/ AGR, Project Manager, Dr. Robert H. Miller, USDA/CSRS and 

Ohi~ StA~e Univarsity Pr09rL~ Dirac or, MI. Rabecoa Burt, AID/LAC/ 

DR/RD, and Dr. Charles M. Smith, USDA/CSRS. 

Tho study team wal !urnilhed the tol10win9 document I for ~oviow 

prior to tho mleting on June 29-30, 1981. 

1. PASA betwean AID and USDA 

2. Ralaaroh Projact Statement 

3. S~~ry of Activitial and CRIS Raportl !or Sub-vrant. 
for 1980 

,. Project Of tic or I , Projoct Rovio~ Swmmary - Fobruary, 1980 
• 

• 5. TOlm Projoct Evalultior. SUl!'.llluy and Roport -
Octobor, 1978 

6. tDmplos of 1919 I:orrativo Roportl 

Durin9 tho !ir.t day ot tho moatinv (Juno 29), thl PrQ9ram 

~irlcto: , 0:. Robort Millar and thl PrOjlCt MlnlVlr, Dr. Lloyd 
, 

Trodlrick , midi orll pra.ontationl of thl hiltory and prl.ont 



8. 

status of the Frojec~. Plans !o~ !utu~e activities were p~esentE_ 

0:; J-..:ne 30. ~~esuate oppo~tu~!ty was given team me~be~s to 

to ~espond. !n general, the scope of the team's evaluation included 

an assessment of acco~plish~cnt5 by the scientists receiving sub-

g~ants, as .... ·ell as mc.ttcrs 0: o:-gani::ation and ad:nin:stration of 

~hc specific prob:ems and issues to be addressed 

. , 
........ c} ... · ~ "l l-, f" ..... .. .r.::........!. _' 1_"" _. _____ ' _ 0 r travt:! and 'per diem . 

I • 

. e-!ght :;{;~(!nt1!:tli who pur·t1e1putcdw(·r(~ contributed by thfl1r own 

~n!lt1-:.ut:("I~l. 
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BENEfICIARIES or THE PROGRAM 

The I:ltimate beneficiaries of the IINr technolog)' ""ill be the 

!armer. an~ the general population o! the LOC'a in which the 

technology ia adopted. Because the technology is relatively .imple 

in term. of the eaae with which it can be integrated into a crop 

management a)'atem, it is expected that small farmera as well as 

larger ones who have more sophisticated management skills, will 

be able to adop~ tho DNr technology. In general, the coat of the 

inoculant should be aufticiently low to induce adoption, even 

though the results may b. viewed by the tarmer aa being aomewhat 

uncortain. That is, the cost of taking a chance with a new tech

nology iD not very high. Furthor, tho BNT tochnology ia conaiatent 

with tho mlineanance ot a labor-intonaive agriculture. Small 

amounta of addod labor will be roquired during application ot tho 

inoculant and to harvost tho increaaed yield. The log in adoption 

by small tarmera, aa compared to larger one., Ihould be Ihort, 

\hus minLmi:ing any adversl incoml di.tribution impacta. Inaotar 

Ii tho 1111' technology h used on , ;'co! cropl conaWlled dirlctly by 

member a of thc form hOUI Ohold, .t ! . likely to benefit small 

farmera relatively more thon larger ono •• 

• 
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EVALUATION OF' PROGRAM 

a, Administration 

Tho basic concept of providin9 a 9rant to the USDA/SE~/CR 

with .ub-9rant to U.S. in.titution. i. a sound one. Thi. admin

istrative arran90ment hal beon successful in attracting thu 

participation of a large number of those U.S. soil microbiolQ9ist • 

• pociali:in; in appliod re.oarch on BNF. In addition. a few othor 

qualifiod .cionti.t. from rolatod eroa. havo participated. a • 

• 'all a •• cme who previoudy had only bade reaearch intoreat •• 
• 

Thi. wido-.pread participation i. du.. in part, to tho utilization 

of USDA re.oarch admini.tration. Howover, additional factor. 

havo been involvod. The working relotion.hip. between the AID 

Project Manager and the USDA Program Director. appaar to be 

excollont. The ovid. nco Available to the team al.o indicat.d 

thAt .ft.ctiv. relation.hip. have dev.lopod w.t. th .cl.entiata at 

tho U. S. in.titution. receiving .ub-grant •• One attra~tiv. faature 

of tho proj.ct i. the diver.ity that i. permittad in the form of 

imp~tant r.ladon.hip. n .. ded b.ltw .. n tho U.8. a'clontiat and, 

tho .. in tho LDC' D. For exampla, thh may bo a vory infornal 

ralation.hip via a gr.duate .tudont and hi. tho.i. r •••• roh or 

it may be • part ot • mon fomal in.titution-to-in.titution 

rel.tion. hip. HowDv.r, .ome avi dDnoD ot • cOllabor . t ive r.lation

Ihi p with .n LDC i. n.c • ••• ry prior to tho award of a .ub-grant. 

• 
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An e::ar..ina tion of 'the p:::-ocedu:::-es for l'e\' ie\>.' of sub-grant 

proposals indicates that care~ul consideration 1S given to the 

scient.':':ic c;uc}i-:y 0~ :'he p!."cposo.l as ",'ell as to the likelihood 

0: i:£ con-:!."ibution to LDC proble~s. Hea\~' reliance is placed 

on peer review in evaluation of the ~cientific quality of 

proposals, One dcsi!."a~le feature of the procedure is the sub-

rr.ission c: a brie: pre-p:-oposal document. The staff may then 

p=ovi~e :he investigator with guidance prior to development and 

su~~is~ion c~ a mc:-e ccrnplete proposal. 

!n comparison ~ith alternati~e forms of administering this 

rcse~!."~h pr~icct, we judge the arrangement to be cost-effective. 

,. r" r. ,., .. ~ --' ... 

qunlitj' eO:;I(·::tically-orlf.:nted m:r rrogrllmn at U.S. in:~titutions. 

n .,.,.,.'" , -.'~ ', .. , •• , r .. ~ .. J .;. f ... ,. .. ..... * ,.~. :.Ihou 1<1 
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applicants injicating the importance of p~oject o~jectives which 

need rno~e c:7.?hasis. ~his may be accorLplished in commer.ts on pre

p!'opcsa: s:..::.,,:i~sions an~/or in the announcement 0: the availability 

of sub-grants. 
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b. Scienti:ic Procuctivitv . 

The USDA/SEA/eR/AID Biological Fixation Program has been 

opera":io:1al for slightly ove!" :i\'e yea:-s. }'ro::,lem c:reas of BNF 

iaenti:iec and ?!"ojects a~cressing these p:-oblerns are as follows: 

A. Factors limiting quality of inoculant and inoculation 

success. 

B. Factors in the soil that limit successful biolo~ical 

nitrogen fixation. 

C. Factors in the plant that limit nodulatio~ and BNF. 

D. ~~i~obiurn-h05t interactions. 
badi.r;~ 

Survival of root noduleAin ReSCllrch areas under "A" are: 

the inocul~nt, i~?:ovcd methods o! producing inoculant, improved 

methods c! !orrnulllting inoculnnts, conditions for handling and 

sto!"age of inocul~nt nnd methode of u~ing inoculant adapted to 

far~cr~' n~ed~ in the tropic~ and ~ub-tropic5. Research areas 

und(:!' ":;" a!'e: ;~hi~obi111 r.trllins adapted to the !;oil, soil tem-

perature and ~oil moi~turc, acidity and nutrient content o! soil, 

antason~~tic e!!0ct~ of plant root~, other microbe~ and pesticides 

and ·!e! .... 'li~(::'!!. 

C ..... ; .. 11" .... ((' .,1,(, t-, t ........ ... ........ J .J • -...,- lH. ':::' i en t 

doc~~ont~d 1n 21 :o!~rcod journ~l~, procontod nc tnlk~ nt 32 
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workshops, national and inte~national meetings, and as eight M.S. 

and Ph.D. theses an~ dissertations. Final solutions to the problems 

!~enti~ied as li~itins ~rop pro~uction have not been attained 

because 0: the cOr:'lplc.xi ty 0: the p:::-oblems. Ho\o:ever, the research 

has identified seve:::-al research techniques, identified and 

improved su~stitute inoculant carriers and inoculation techniques, 

identified breed ins lines of co~peas and bean~ for increased 

ni:ronen !ixation efficiency ~nd tolerances to several soil and - ~ 

environMental ~tresses (sal::, Mn and hl). Further studies have 

identified nutrient effects on !~::F in I:ioeria, Pane-rna, ann Egypt 

and determined ""hether nodula';ion is a limiting factor in t-~orocco, 

~en~gal, Mexico, Egypt, ~igeria, Sudan, Chile, El Salvador and 

Brazil. 
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FUTURE DIRECTIONS FOR THE BNF LIMITING FACTORS PROGRAM 

The strategy for this program was originally conceived in 

1975. It has been extremely successful in mobilizing U.S. scientiAts 

to link with LDC scientists in studying applied aspects of BNF 

for legumes, excluding soybeans, and also certain forage and tree 

legumes. No~' it is imperative the program be appropriately 

structured and focused to assure continuea progress in the future. 

Th9 Review Team has found the program to be very worthwhile. 

It suggests the following points ~or future consideration. 

1. The program should be continued for another five-year 

period beyond April, 1982. The Team recognizes that BNF reaearch 

is by its nature 10n9 term and that a commitmont for at leaat ten 

years is esaential. The five year extension a.sumes another review 

at that time. 

2. The peer review proce.s used in the past three years of 
. 

the pro;ram should be continued because it allows an .ssentiel 

element of jUd;enent by the Selection Committee. 

3. Tho odministrators of the program .hould· continue to oall 

tho participa~ing .cienti.ts to;ethor on a ro;ular ba.i. to inform 

thom of tho total dimon.ion of tho program, and to oncoura;e 

coordination of Rhi:obia atrain. and ho.t plant oultiv.r. to be 

utilizod .s .t.ndard. in tho various oxp.riment.. (Thi. would 

••• uma comp.r.bility of r •••• reh ro.ult. without forcing .11 
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scientists to use e)(act1~· the same' variables). The Norkshop 

being planned for early 1982 is cOl1ll1lendable. It should focus 

primar il)' upon the follo~'ing points: 

I.. Identif)' from the research already done and from the 

literature those Rhizobium strains which are best suited to enhance 

BNF within all the major edible, forage and tree legumes. 

B. Identify from research field testing and from the 

literature, those cultivars of edible food legumes best suited for 

certain Boil and climatic conditiona. 

C. Discussion and evaluation of exp~riences which would 

lead to recol1ll1lendations to improve cooperative BNF research 1n 

LDC countriea. 

4. A representativo of USDA or A!D .~ould a~~pt to via~t • __ . _ 

oach of the U.S. inatitutiona active 1n the BNF program on an annual 

baaia and the LDC aitea whenever poaaible. 

5. In the future, the letter aent out to U.S. Scientiata 

for participation in the program should include a liat of the 

criteria uaed to evaluate the auitability of e.cn aubmiaaion • 
• 

6. Although it ia not the intent of thi. pr09ram t o dlvelop 

tran.fer of BNF technology, it i. important that the projeat 

entitlod "Tropical Logumo Inoculant Service"within AID/DSB/AGR 

bo A c~ivatod. Tho lattor project will ••• ure that now t ochnology 

developed by tho BN' Limiting Factor. Program will bo introduced 

into paakage. of DII' technology ava11obl. to farmora 1n loDe ' •• 
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7. The Review Team finds the procedure used in the BNF 

program by which participating U.S. universities are 9iven major 

responsibility ~cr ad~inisterins an~ accounting !or the funds 

granted to them to be an excellent example of how unive=sities 

should be continued in the !uture. 

8. There.1 re severa 1 a=cas in .... ·hich the B~\F Lim i tins Factors 

P~ogram shoul~ be cxp.1nde~ in the future. ~hese arc as follow; 

::ven though the number of U.S. 5cienti!;ts .... ·ol"}:ing on 

BHf relllted to for:lge legumes if, small, the impo~.-tancc of this 

u~o!ul in Ll)C'a. 
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shou1c be giver. 'serious consideration curing the next five-year 

grant period. 

9. The Review Tea~ suggests this Program should not include 

the area o~ associative ~-!ixation by grasses be~ause the topic 

has not been developed to the point that it lends itself to adapt-

i v ere s e :1 !" chi. n ~ :1 e fie 1 dun d c:.- L Dec 0 n d i t ion s . or he Tea m i 5 a \-: are 

AID is !u~~!n~ ~csea~ch on this topic under another component of 

10. F~~u~e ~unding levels should be adequate to, at the 

minimUM, rn(lin~l1in -:he pn·';cnt le'.'cl 0: prog:.· .. lm activity, -..:ith 

:t 15 ir;rO!"tlln~ th~ ndmini:Jtra-

incluaion in tho !utu:;,o, 



, , . , RECOMMENDATIONS OF THE REVIEW TEAM 
REGARDING THE 

BIOLOGICAL NITROGE~: FIXATION LIHITING FACTORS PROGRAI1 

1. The pro<;ram should be con'tinuetl for "nothe~ !ive-year pe~iotl 
be)'ond Ap~il, 1982, The Team ~ecognizes that EN~' research 
is by its natu~e long te~m anti that a commitment fo~ at least 
ten years is essential. The five year extension a.sumel 
another review at that time. 

2. The peer review process used in the past three years of the 
program should be continued becaule it allow. an e •• ential 
element of judgement by the Selection Committee. 

3. The administrators of the program Ihould continue to call 
the participating scienti.ts together on a regular ba.is to 
in!ot~ them of the total dimen.ion of the program, and to 
encourage coordination of Rhizobia .trains and hOlt plant 
cultivar. to be utilized .s standare. in the variou. experi
ments. (Thi. would as.ume comparability of re.earch re.ultl 
without forcing all .cienti.t. to u.e exactly the .ame 
variable.). The Work.hop being planned for early 1982 i. 
commondable. It should fOCUM primarily upon the following 
points, 

A. Identify from the re.earch already done and from the 
literature tho.e Rhizobium .train. which are beet 
.uited to enhance BNF within all the m.jor edibl., 
forage and tr •• legum ••• 

~ . Id.ntify from r •••• rch field te.ting .nd from tho 
lit.r.ture, those cultiv.rs of edible food l.gumes 
b.st suit.d for certain .oil and climatic condition •• 

C. Di.cuI.ion and ov.luation of oxpori.nc.s uhich would 
l.ad to r.commendation. to improve coopoustive aNF 
rosoarch in LDC countrios. 

,. A roprosontativ. of USDA or AID ahould attompt to vi.it 
.ach of tho U.S. i~ 'titution •• ctivo in tho aNF program on 
an annual ba.i. and tho LDC lito. whonevor posliblo. 

5. In tho futu,ro, tho lattor .ant out to U.S. Iciontiltt for 
participat!c:,n in tho program .hould includo a lilt of tho 
cr1tor!a u.od to ovaluato tho .uitab1l1ty or oach su~ils10n. 

\ 
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6. Although it is not the intent of this program to develop 
transfer of BNF technology. it is important that the project 
entitled "Tropical Legume Inoculant Service" within AID/DSB/ 
AGR be activated. The latter project ,,o1ll assure that ne~' 
technology developed by the aNF Limiting Factors Pros ram will 
be introduced into packages of BNF technoloC;;l' available to 
!~rrne:1 in LOC·s. 

7. Thore are several areas in which the BNF Limiting Fa"tora 
Program should be expanded in t he future. They are. 

A. Forage Legumes 
B. Non-leguminou. Trees 
C. 1.:0110. - blue-green Algae 

8. Thft i\avie~' Toam .uggests this program .hould not includo the 
araa of .... oci .. tive N-fixation by grassos becau.e the topic 
has not beon developed ~o tho point that it lend. itaelf to 
adaptivo re.earch in the field under LOC condition.. The 
Taam i. aware AID i. funding re.earch on this topic under 
anothar componont of its total BNF program. 

9. Futura funding lovels should be adequate to, at the minimum, 
Ir.ain~ain ~he pre.ent level of program activity, with nece .. a:,)' 
funda for inflation included. The hiatory of the pr09ram 
show. that there have boen many morl aound re.earch propoaal. 
each yoar than were posaible within budget limitationa 
(only 20 porclnt of propo.als have be on fundod). 

10. The BNF Program he. accompli.had the training of • number of 
LDC .cionti.t. to dato. It i. important tho admini.trator. 
of the program conduct a raviaw to dotormino which LOC'. 
havo not boon ropro.ontod in thi. or othor BNF training 
program. and tako appropriata .tep. to oncou~ago their 
.inclu.ion in tho futuro. 

• 



April 22. 1981 

ACTION !1E~[)lWroUM FOR TIlE DEPL'TY ASS IS'rA.'IT ADm~ISTRATOR FOR FOOD AND :-JL'TRITION 
BlJR!AU FOR DEVELOP:-!E~rr SUPPORT , . 

FRD~: DS/AGR. Donald Fiester 

Sl~JECT: Scope of Work. Te~ Evaluation - ~ - Fixation, Limiting Factors -
Project 931-0610; PASA AG/TAB 610-9-76 with USDA/SEA/CR 

Background 

Your ~pproval 1s requested to proceed with a team evaluation of the PASA with 
USDA/SEA/CR; the full title 18 "Symbiotic Nitrogen Fixation: Studies of 
Factors ti::liting N - Fixation for tDC Crop ?roduct10n." This project Wlh 

initiated 1n A~r!l. 1976 for three years as rccoccandcd by RAC and Vol5 extended 
1n April. 1979 for three years with prescnt approval scheduled to oxpire 
April 14.1982. l11U dvaluation will provide guidance for A.I.O.'s decision 
on vhethe~ to continue the project another five year •• 

Rocot=endat1on 

':'0 carr"! out this c· .. du~t10n. your appro· ... u 15 neoded for not only t~e attached 
1c,pe of ~ork but also for the tc~ tr4v~1 exp~nles. 

Sl1.\LL ACTIVITY Pl!IAO:WI F~'NDS AVAIL\llL£:=1 

Al'PRO\'tD:~ __ ~ 

Attachment: Scopo-ot~ork 

c:e: D:;/AC~/:t:Ht. ~J:n"t;~r~· 
t;SOA. ~S~i tIl 
~hl0 St4tl, ~1111r 

DISAPPRC\1:0: ____ --r ____ _ 

DATE : __ £~ 7,,.-IfsW#..J,! ___ _ 

" I 
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' . 
• TEA!I ~ROJECT EVALUATION 

SCOPE OF WORK 

A. Projlet Title: N-Flxat1on. Limit!na Factor. 

Projlct ~umblr: 931-0610 

D. Name of Particip"tin, Asoncy. Unltld StatOI D1partment of Aarlcultur •• 
Scllnc. and Education Admlnl.tratlon. 
Cooporatlve Roa •• rch, W •• h1nlton. D. C. 

Contract Numb.r: PASA No. AC/TAD 610-9-76 

C. Purpa.. and Rational, tor Tlaa Evaluation 

'11111 projlct r .. ult.d from tho n.od to hav. qual1U.d .cl.ntlJtI to .olv. .' 
tho probllm. that limit tho u •• fuln ••• of 'MF tochnololY. Sine. DO.t tho 
quallfi.d .ci.nti.e. Wlr •• c.ee.r.d omonl U.S. unlv.r.itl ••• thl. proj.ee VI. 
co.c.lvld to provld. r.latlv.ly .aall Irane. tor r •••• r.h on 'pleltie probll .. 
In tho rolltiv.ly brolt .p.ctrum of t •• tor. 11mitinl tho u.o of UN'. 'I1Iroulh 
USDA-SEA-CR •• ub-Ir.nt. Ir •• vlrdad to .el.ntl.t. in U.S. In.tltueion. vh.n 
th.lr propo •• l1 .r ••• l.et.d by p •• r r.viov and thl S.l.etlon Coamitt... Att.r 
tho fir.: y ••• ' ••• p •• I ••••• tho .dvant'I" of condu.cinl r •••• r.h on limitlnl 
fie tor. in thl d.v.lop!.1 .0unt.I •• Ind In thl U.S. by cooP ••• tinl •• I.ntl.t. 
led to I .hlft in tho ~ork to .oop •• ltlv ••••••• ch. Ho.t of ch. .u ••• nt 
; •• nc. hovo b •• • IWI.dl d co .uppo.t .00pI •• tlv ••••• ••• h b • • vo.n • U.S. In.ti
t ution Ind on In.tltution In • d.v.lopln; .ount.y. 

'111 •••• vi ••• provid.d by USDA/SEA/CR in. Iud. tho tollovinl' (1) D1lin •• tlon 
or Probl .. Ar ••• - ou ••• ntly. (I) F.cto •• 1i.it"l qu.lity of Inocullnt Ind 
Inocul.t lor. .u.c •••• (b) '"ctor. In tho .011 th.t I!mit .ucc ••• ful aN'. and 
(e) Flcton In tho plant th.t limit lIoduhtlon .nd aNF. (2) SlI.ctlon of 
P.opo.ll. fo. Sub-....... nt. (Sub-I •• nt.), (l) Sub.I ..... nt •• (4) Prolrl. 
Dlro.to. and (S) Suppo.t 'orvlc... '111. PASA VII inUlltld in " 76 and 10 QOW 
In tho •• cond Y.I. of It. tlr.e l-ya.r I.tl •• lon ('eh YOlr of p,oJlce) Ind 
luld.nc. I. 'OUlht on proj •• e dl ••• elon Ind contlnua~lon. 

D. T.eD Conp •• ltlon 

I. ' oil .cl.ntl.t 0. 'I.onoat.t - (JAC aoabl.) - with . e I ... t 10 y •••• 
I .,.rl.n • • In ...... ch/ ••• chin. In l oll microblolo.r, 10111 0' c.op production 
•• l.tl d to 1"uDl produc.lon. Hu. e h.VA I 'PP.lcl.tlon of •• opl •• l flrmin • 
• y. t ••• I . d I~' . I UII • • t Dr. P.E. Hu. chln ••• , U.lv ••• I'r ot Hl ln. (207- 5S1-
7462) .r Dr . w. Phi llip ~.rr ••• LAC/DAiAD (6l2-160') . 

2. Alr •• cal. t or ' I fl cu ltu.,l ,cl.n,'., - (RAe BIBb. r) - wi th I e 1 ••• , 10 
Y"" • .,. r l. . . .. Ho. , h •• , an .ppr.ci • • lon ot ,rop l cll l 'Iu.e1 •• d IMP In 
t .rninl .Yl e.... l u, ••• e Dr. DAyld P' aont. l, Corn. l1 UnIYl r.I,!:, (107-15'-
2212) , or Dr. John Ihranrdllh, Unlwral, y of Idaho (20 ... "-6U ). , 

, . ioU llI1 •• U" whh At 1 .... 10 yUrt ovor"JI .. ~rltnc.. lu;;ue Dr. 
C. Ilakln. Dl/AG~ , (Z" .S"'1 or Dr. J&nll U.lk.r . DI/AG~ (2" -1"', . 

. --
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4. Soil Qi.rObio10,iot with Ot 1000t 10 y.or. oxpo.ionel with Rhizobium 
and BNF and with at l ••• t on. ye.r ov.r •••• experienci. SUI, •• t Or. D. W,blr, 
USDA/BIlt.vil10 (344-2736). 

5. Asrleulturol Spleioli.t - on 1,,1eulturoli.t vith at 1.0.t t1vo y"or. 
project manaa.mlnt exporionci in A.I.D., mole1y 1n an ov.r •••• Inviron •• nc. 
SUISO.t D,. L. W. r1t: •• ,old (NE/TEC/AD), (632-8586) 0' Hlro1d Jonl' (ArR/DR/ 
AJU), (632-2727). 

E. Othlr Portlelpont. 

1. D •• L. R. Fredlriek. OS/AGR projlet 1I0Il1,0', vil1 plrtielpatl in IU 
Ivaluation •••• 1on •• 

2. Otho, rlp.I •• ntotion t,om OS/AGR or ,".lonll burllu. 1. oneour","d at 
thoir own .~.n ••• 

F. Oat •• and PllCI of tvaluation 

USDA South Bul1dln., WI.hiD.ton, D.C. - 29-30 Junl 1981. 

C. Colt AnllYlll to, Evoluotlon 

It 10 bllilv.d that I tl" con be put to,"th". ot no trivii/pl. dll. COlt to 
DS/AGR, but RAC vou1d ~robobly not bl r.prl.lnt.d.To hivi hovi thl ,,"t 
d,.irebl, t.&a, thl COlt. ar ••• ,taatld to bl, 

1. Travll/pI' dll. tor JRC "~Ir .400 
2. TravoI/plr dl_ tor RAC .... bor 300 
J. Trovii/pl. dll. to. othlr. H/e 

Total eo.t 5700 

H. 'roJI.t Ba.kground 

Thl. 'ASA v •• 1nitiot.d with USDA/SEA/ca in April, 1976. Iy Jun., 1976, tho 
inU1al .ub-I.anco h.d b •• n .. d.. Sub .. ,.nt. a ... idl to U.S. in.tleutlon., 
wieh tho U.S. in.titueion PI •• lnl chroulh n •• d.d fund. tor eoop.r,Uvl r •••• rch 
vith in.titut10n. 1n d.v.10pln. count.1 ••• 

a •••• rch on innov.tlvl lnoculonc. hi. producld ••• thod tor 1ncorpor •• inl rhi
lobi. 1nco forUli .. r wlch lood .urvhal. Cool Un.ly Iround .. y b. uo.d ••• 
•• "i" tor rhhobh. Granul., p ... inoculonto puc 1n tho row p,odUCI ·b.nn 
noduli' ion und., .cr ... cond1tlon. thin .I.d-.pplild lnocul.nc.. l urvlvll ot 
b.on ,hl10bll (~tI0blue Ph ••• Rlt' VI' vlry poor In '0" .011. and IIY .ccount 
for nodulltlon ~~ur.. '"on. o\t .. rl.pond to nltro,.n t.rtlI11.' but brlldln, 
vorllUn .. leI. ,,,.tor Clp.blUty fo, ftltro ••• U .. tlon .pp"n pro .. illn., 
II dolt chI vn,~ with COVpo"' •• d pllnut.. Good ,hllobl.1 .c,01n. otcln plrtor • 
... U In IIny diU' .. ne 10Cltlo"., but tlto nl.d for 100lU, Idapud nro1n • 
... rrllltl fv,ch.r ICud,. 

'rOIl ,., 76 co Jlnua" , Itl1, '1 lub-,rann h.d bun .lIl£d.d to 21 U.'. Innl
tuclon.. thirty-four Ano~lcAft prlnc.~.l Inwl.cllltor. vLch Ie l ••• c .... n, 
Ir.duI' •• cudAfttJ Vir. InvoLv.d. HAft, of th. Ir.dult. lcudlnc. cO&@ t,~ 

. ~ 
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countrl •• oth.r thon tho U.S. Coop.r.tLv. work lnvolv.d four Lnt.m.tlon.l 
.,rlcultural r •••• rch c.nt.r. (CIAT. ICRISAT. IFDC .nd IITA). ond 16 .ountrl •• 
(Sl,.rL., Horoc.o, S.n.,.l, Turk.y, Holly.l0, K.ny., El S.lv.dor, Bro.l1, 
Chll., CUY~" Th.l1 •• d, E,ypt. Sudon, Hoxl.o, '.n .... nd Von .... loJ vlth .t 
1 ... t 23 •• nlor •• 1e •• l ••• froo th ••• countrio. Lnvolvtd. E.ch .ub-,rant 1. 
modo for. throo-yo.r porlod with •• nu.l roport.. For. thr.o-yo.r period, 
U.S. Iront •• vor.,od .bout "0,000 .nd Int.m.tl0 •• l .ooper.tlvo Iront. av.r.,od 
.bout '80,000. Hootia,. vLth tho P.I •• 1.0 hold at n.:101101 and Inumatlonal 
.clontltl ... otLn,.. In 19B1, 0 work. hop v •• h.ld •• CIAT I~ Coto.bl. whoro 
thl I~F tlchnolo,y for tho cropl.1 v •••••••• Id vlth p.rtlc.pac1on of ••• rly all 
of th .... ub-Irant invlltl,lto... Tho ·,'!> rk.hop providld .oordin.tion of 
o.Uvttl .. b.tvo.n dHf ... nt projoctl ln A.I. D.'. pro, ... a. voll •• Into ... tlon 
.X.hanll and link •••• vlth vor~.ra .round thl world. Th. pro •• ldlnl' will bl 
publhhld by OIAT. In OlIO of thl .... lon., tho Iroup dh.u ... d tho r .... r.h 
n .. d. tor BNF to.hnoloIY. Crodul" cr.lnlnl of .,rl.ulcuro: .. I.nh .. 10 on 
lnto, .. l p.rt ot DOlt ot tho ... ub ... r.n... '!-any o! CIIt ~rlldu ... nudont ..... 
frOlO .ountrl .. oth.r cha. tho U.S. A .. ".. .v.,\ ... ~lOC1 of ~ I roJ •• t VII 
.000du ... d ln Octobor, 1978 and fllvlor "fOJ"': o.":'~.~~ ... J' n~Y. bun aida 
vlth thl ... t r.can In '"bru • .,., 1980. 

1. 'roblo •• And I •• u •• to kI &ddr •••• d by tho Io .. 

Th. follovLnI .pocItI. Ltc .... ho"ld b ... nlldnod by tho T"... Add,Ult111al 
1 •• ul ... y bo •• tlld by ~~DA , A.I.D., or chi T .... 

Tho To .. h roqulI .. d to uk, an ... lya" of tho ,,,'.1,, tr .. eM ,0Joct thn 
hl.1 bll. obtalnd that con b. ulld by tu ... n. Ir. addLelon, In tllo .. ar ... 
wh"," utlbt. ruul .. h .. , not b ... obtalnld, th. 'I •• • hould IIIko thll. b .. e 
1I.In.tl of whit unlllo ,"ulu ..lp. bo .. p.~;od, whoe .lIdo eo bo donI, and 
vhon ullbl •• nul .. vlll b. rudy tor dl .... .dnnlon. Th. 1' .... hould uk •• 
dot1nl~. r.co.nndnlon f'llrdlDI ~·.tu~ (un,lina. 

1. 'rolr ... - h proJlct proutdIns IICllf.uorl1)'f Art ~hIDIU In tlalnl 
nlldodt 
Z. '.oJ.ce d •• I •• - .ff.cel ...... at tho .ub-ar.ne .ppro.eh, at tho lne ... 
n .. IOCl.' cooperaUn f ..... ch' lulubl11ty of ole .. and Ul'ulMn'al dulp., 
.nd .pproprllcln ••• of lla'~lnl C.cco •• ch., h,v. b.on Idoncltlld. 
1. lIon ...... ~ ot proJoec opo ... IIIM - r.lodon. boe .... " A.I.D. Md \/IDA, 
lloevollll eliDA .nd '.HUth In''U uclCIDI, htvun U,I. IMdeuelnnt and rorelan 
In.elcuel ... , .o.,·.tt.eelvon ••• at proJ'.c, 
t. '.nonn.l - Idoquacy at VIDA ... tUn., nllllf. or .c.&U'"C1 pntlctpnin. 
in proJ •• '. 
S. ,.,IU at unpllMod lV.nu - aID,u In eliDA ... tt. 
•• '.p.ce.d f •• u1eo • ' ubllc.ctonll VIIUi a t f .... feh r.lUltl. 
7. IocDaDl"d.~lon. - rl .... CDInID •• rlon ••••• rdlnl ld.neltlelclan at l181clnl 
tactOtl, "'1' CO 010p11(1 pfoeldurll, con,lnUluoR at proJut, 1 .. ,1 01 ,fton, 
_It pr_'lin •• pproatho •• 

. J. Je". of Do'.DU 
• 

1, Io .. .,cll ,raJ.ce 'Ul_nt 

. -
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3. Sucmary of Activities and eRrS Reports for Sub-Grants for 1980 • 

.:.. Project Officer's Project ,h!vii' .... Su::n:lry - Febru.uy, 1980. 

5. Tc!.l!:l Pn'jcct EV.lluatiurl SU::1t:l . .uy and Rc?ort - October. 1978. 

6. Sa~pl~s of 1979 ~arrative Project Reports. 

1. 1-1:1y 10. 1981 F:\':l1 u:lt ion Plan ilpprovcd 

'I -. June IS, 1981 All tr~v~1 arranR~=ent5 fina11:ed 

3. Ju:y 15, 1')81 Tl!il!:\ evaluation cor.:j>lcted 

4. Sept~~b~r 15, 1981 Original and 10 copics of Evaluation report .ubmitted 
to DSlf.GR. 
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