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Preface 

\VtWhil the last dectde Siglifica lit cps hhave b lak:1to0an 'row i .agriC u
to r'aICeCh notIx' ap anioil ColltI. internition aI grieuhor: lx'esearch1iCs. 
Cente rCshave bleen estahliishcdl, aId a ii mher: f deCloping C ItiIt ik's ha'e 
mad1.9ok.stmati:il jrog'Cs 31)i tr)1 I h nIl ir lia al aiculg Iji, ht rl rVseirch 

apa '.It is est imla ted tha11w( tlld CSIpv~tililC I'C agrk o11 iii oal rt sarh 
constant 1971 U.S. dollars) have tisenCrow approxiut:ol, $1.3 hilitli ill 
1959 to $3.8 hillion in 1971. In the ley;: devh 1 wt emounm~ris o.ftit Amer. 
ica, Af eiCa.nd ASiJ ,he ML'iIated iCese:lii) rcRWarvd C,\petlirITs 1'"1 tlre 
SMe period was froln -11lmillion to $957 million. 

'lie crCati(ll if, two iivirnatiolil agVriSUht,';d lC5C1'Ch instituC's iti the 
cMy 1960s was a ior"an t Catr it, ti s s )I*rearc.h investll nI, Tile 

CSIablishinetit of tile Interial ional R<ice RL-se:ttel hiilute (11RRI) il t le Phil. 
ililims in1960 and the hmcitatiod M1aie. atil Irati 'povatiCeteir 
(ChMMY'iT) in Mexico in1966 siimald a wider C tttltiipot 'c0SiItg (11i 

r-es(':i rel as attiese ttiaI itin t nien t of' :)gie it oral ipro ductivit y elt.mtti in the 
less dcevelopcd oi lit ris (I .i)C's). 

The ensuning st ory is well know i. CIMMYiT'ad IlI4l develop d shill
strawed, f1tilixer-re.pl osi, hilh -yie di g wheat and rice varieties whiich 
weCe riApidh, adt lecd aid atoptCd ill parts of Asia, AfniCa,3nt.a ti Alnic'h:i 
31alwiich produced ml II SM0rg in gtail irodtion Ip)oIthIl I1Own is tile 
glIei tcvolttiom.' By 1975, IIl' i csnallhIl Inult's andi twoin 

atlle t lternaioniaI pl'trt,rans were citlet ill opelti Io or ill e proccl. of bhc 
itt established ii tle I.IC's (Cc' TablIe 11 ). 
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vi PIEACIE 

research cp 
ry incans tL raisin.l,.agicaiIral li-cti'ivi is nw wiJelv sh:i-cd. Th \\'orld 

Bank, the Lnit'd Sl;ItLs AiM'lci fOlr 

The vicw that 'll'cctic'- cit. in deltcl ping ca nt ri cs is :1 ill

linlti:flul;l i)¢'ch1piacnt (WSAI)), tlld 

llicl" vc bi,,Oll to give :,[icliual rescarli ahii.hci priority for as(illirs hl\' 

alricuhlur.il rcCarch in dcvcalopialg 

ra;pidIlV in I''iT111;irs. 
sislaice. li.ivStilIIll ill 	 colitrics has glown 

As the ailiiihu:il l rcscairch .N's.,lCha,; caI1IiiIIcd to 

e'xpandl, I'iscarih podalcil itLti resoa 'Scalch 	 c al1locationl h;acL."Colli 
iIIII)O{ ll t~liYAWtLS fill'LilI\' 0'l 111I.-t'll. I',l.l1111cl'; 311d sCi w ct n11131M 11"'l'S. 

, aiC O1.l'llal] h 'ld :11Ill ORlit It iN 111ilIIli l ' iSNI.:a1il ll CtlI .I1C12\, 
Airlic 1Il':., ill .13111,1r1v 197.1. Thu' colnl't'ccce had I\%.( 1llii oljec.\i'ir!:lli~l, 


Iculllils~ to n1.1tion'lll. l
Ji\VVS: tol CX;jIlliIjC IC,.TCt'11,..Vidll l(.ht im -\'t m lit ill ;Ild 

ll-al it:1111 h , t 'll,; h ' i to cNI)IOl' i lTI C ' ],\ ll. 0illi latll|ill,1 ;I--,Ii,'u~ll 

l o:ttn'll
ilt11' 	 Il~l~ lll of,,ll/liHIl,ui
socialI nU t U ,li' I';m-torIkI l 


" 

i it 111.1lA Il I,l I ,"I:I l'I SV,S IL'II , . Cl.. it'.!! 5 '']IlC' t lI tI I i t ;"',IiI'11n iSSIICS IIIL' C 

i -If I I ii 	, tIll; I , 'h I'll',.Jlld !L .I ll I It': it it t IIL ' ititILc t;I II 

I lo' . ll o f I t 	 h ,I, Ills %.C , :I,,( ,!il.ct, L 
v.. till,.0 (w.lill i 'l; " 'IhIi c0 1 fc)v I ', x,t ,; t Ir4),.t l it1 -l Ci(Illl' , -. S,(-: 

' 'I~ t ';l W .it t I iit I;! V.ll i :', , , .1'W1(1111]; lL ( InI , t !C1 I'h I 11A . p 1, LCIJh'.. L':l 

' l ' A L l .
, T

I t IL'. 1.1t %',,If"! :"I ,11 

. 
\v],II I l, I. IIv idI,' I!:l(I lt Cl !,,.. I ll , Ii''!' 

J l I,I IIt, n ,.llJII N Ll~ IunI ,uTIIll idt' ' ,,rI rIf IkIICt Irt' !,' ,. 

. :i %t II1 Il' ! t i 1- I t I;l I U , : 1lI ',I rLt.l; I l ' Ii-t l l I.C I: 1 1!. 1 ll' t l d I.' I'' d 

cd lit x,hI t !I. .. , ) , C',(I, t:l:I.(cic!II, tili. lol c, 1o a ! td,,i"t,' I :ct,1; 

, ' I.t l ' 'd, Ii. - t i ,i :' 1 .,~'c\%.;!,I i .t'11 , ,1, 1',.! I t I, i It.c ; , ! ' 

I:11 V jt I'' "I, l ,tl. ' I ,r V.c:I.,!,.I It I."it\'v ,I icx;i fC CII! 


thcill :I t'rlh,Ihit( lI ,i ,%.'v*.,:,, . !V .i'" ri: Itx ,! !::1,', 

i ) i It t ! ,., ;W i I Icd :1lid 1It' iLI I I I I I I ti Li ;llI I I .I ; '. J! } .".I.iA p r, :,,, 

i h v, ,I, 1\c *.I.". \, I 1)' il.,i!:,li'.cv'.hI ., W i-!(tc, Ill!%",', I - It . 11.;111 1i;" , 

I\WC IIIV Cit,I I 1 .	 1t VCI\'.CC'l ,,I i d iI ll ., *L" li,,hC..'Ilh it ;Hi' ,. 

b al l tII 	I t- :,,at;I IIiIt' III 1.I II I Ic.1 L,.I
i t I ic :::! 


i l,fliI!C'\ cd .1il1d . ,'.;l'"oft." , <, /i ,,!, ;i : .: CIl,, it'lh tc 


i.1 1\v()l cr ' , 'lll i,ii '. r'
 

SC.ii''h S,''.,!lllh1),IC'Ic~o t (I)v V uJI, I1.' :!n ),'lt 


t'olliilrI~ c , ,im- p '', ,. : I ;',:' I I'l(-J IV 

iilo L , :ihcli'ill.i o h " !!Ili . -

11L'S ' .1.1 lll\IA;i!,lli ) II ' 111. t ;til I wit s\ ,lclllill.Iip~ill; ",C < id 

, I
0h.1 li'c',L. I! I .1: Il .i!L i:i , !',l I I I I.I :.I t' St.,\'I I. ;!l (! 


11i k!lill hv l lt ii ll!1) 
:, 

ill "!Il'ill it.,cmi d t \ ll:i: , ,'tilli 1. di'iiv, 11 (',,I,,ll~lii11 

lx 111,il1l,'i lt;',\r i lh,A. t ,h:o;li L.Ilo" T ]itiji]i t OW:,.lic f(JIrd , .li !IlIh: (:11 

11 .. Ao. 11Ill. : 1 c;it I ,
 

aild Iliv il t . 1hW fI11M , c SCO 1 0 ',V I' 

I~lIll) (111Ct10CUi'1 upoln lhidl.i , S. IK,.li . i I1. I., 

.ll:lI . il V I:111hi'.'itl R(Tid Iifd :iild 
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IRII'FAC. vii 

Andrew Schmitz), prepared alter the conference, rev'i \%s sonl of the hcoct'
ical fol lund:ijons of, and cmpirical coi siderati ins involved in, thte- ev luiation 
of ret urns II resIrhl . 

The second stt'tit'll intindes three lalirs 1,ll tile prolllcli'il , inhort. 
lio"la. c, sy.tem.. The firs t lpaplCr (by )aia G. i)31r'1t111).0 doiut1neti S 
it ll tu. G ,IYT and IRRI sriclal tleeiopielt prtiu, 110. inmlipcf (].i\ on'va;
 

and ri e protiti'lil ill . sia. A Seond paper v Rolblet IE. i.'vt'nsl 
 ,ii ev'\i 
the himory (11, C c,'h.s it) 1''st' l ~ ;1id illnt' 'k-h11 i'i) in i':lli(1lld di;'l.' Ni1,l 

pl: te.rns f'or three' Co{nlilodi ',s: slulj:irk'?.,, v, h it ,,,and rice. :A thild ,:l-r(;]I

lA\vtt1 lt 1i-,.lsO by ) Ir asin t, ofOti w rItl.; of retrti to the redicr. , ill
vested ill rei.c l: h at Ii,1i and (IMAI ' a rth p.i .l b . Pi\ ,)I'. Ill [k1l0 a r (hiv \ 
aI ll t'lillpl k" lil.ldcit to} dc.'\,'h11, :1 thvtOIiH't l; ivh1M.'] Of ;11))I l rI ' ,ir!'Ch Coll
sim Nol wit h Ohlimq .', tdexl,iw 'me' i _v~iv I+'in+th t u i.rpI.,, r,, inl thu lI nt 

two Sect lltit;. 

l e third.,' cti hl i d lt! It' lIh, ' /;t(I, ! W : ' .:'i Cll i 

i. Ct . -1trditlx lm , . , F i , iThe ii h V h 1 

llln H.(!). ,\ Ilw i i tvI1 r ( 11 (: ,' l I (-', \lit (k ; .!I.t',d 
C1I,:16 .11 o lf . t,tl J: . kjc . "14, J[,; ,t.'] ri.ih ''', ' ..llp h ? n,'. ".7., ,l in, 

I(h,,I I iIh:I,, kt1 1 ;c , , il v , 1, lt1 ; l, (, . Cl 1:! 1,. 1hI i ., i 1; I 1, tL1 : :< 

N wi,m i., nh, I,, m t , l I,.Ii.., i l, I).l i!<.p. I c . ! 

T he ft0 1l1'111 ,. 't ln iN ,It\ :1 l"t k,<.,..1 ~'.1,";l; dli tl t h ,ll il L 

iII. '\lo s~t'l11.1lll 1l''l c %i t '%l ~ V h ri 11i',l l i'1 , , -+ ! ji. 1jL- Z1. " 0 l { ; l I~ till.I 

ftl illl1:'11\V;11, , !110d~ (I )j) t! vt',Il'tlmi.''!. (Ol':'ill1hu\ li,!',I 'If Iu"oJ/ 

N tr.xt, the. ci'l lh~liii !i ofl pli i\; c .c'clorl ilil( I;, ~ l~! i lll li.l i. t;1'1i 
d C S:c i bhe' ( h y) ". M .s ] ~t, 1 1 On,' O WiI' I i t i h ' * 1 ) : i ; t i 'l \ ' ] ILc ' P~ o n ,: I ) i l i 
nlitoil:d. A.\ \l' Wln l r,.~ it I1 .'; Clll ..0,0;(tC ll ,;'i, l.,: ,~ it 
andlt c\-.lhilo k (1)'v P l'i,. tTI :\ ll i . 1"d ).!vl ,idIIri }ll '1JI i v ;, l . 
It '" h h 'tilt ll hhkC. 'iC'h:.Idl .%hIollv .!'. ) I r "..Ills :i iti'v. :.I!.! < . !t l ,: 
o f, the' lih l~L tilic (,11 t' l ,.]l; , v .1n l Ini ' , k !. ) :ill,)(c ;till:: it , i . i r.:. 

.W';rchl. 

Tile fif'th Sec tionll t.c.llliilll.- diW IOICt ofl 1Yf'l?0))lli" ,111,1 NO)l!'/.idi /o . ill )'-r



viii PREl'VACII 

-ccilrd, . alaios. vic first paper (bMartin El.AIbl aind Dclanc E.i ,.ou;rv 
WI elsch) outlines I tlorctLil niodel cio exploring the relative effects of en

vironiciultal constrii:its and coninioditv mix rescarch rcsource:on alloc0ation. 
he eo....p.per• ",: c (b' -JohnAV-Melr)'.is . .e.ted.--. ......----p.rical wi-i 

oif 1110 ffCtS Of effortS to Irelae rescarch resource allocttion to :tlrmiitiv 
goals such as labor absorption. Ill :i third paper (b), . 1. Ra alho de Castro 
and G. dward Schuh) the usc of ai economic model to cstaiiish research 
priorities, based on Brazilian data, is illustrated. Thc role of resource endow.
mcnts and relative prices in inducing the choice of alternative paths (ofiechni
cal chage - that is, labor saving versis land saving -- isdocumei'tcd (by Ilans 
I. Hinswng-r).IThe final paper in this sectiojn (by Alain de J *Nry)piescuws a 
theoretiCal model of diAlltcicl iItCeratCion I)Ctwl cclilical and institution. 
ill chaiige il agriculture which sgtgests im ortant directions for future re
sci'rch. 

The fiial section is devoted to discssioll of the research stratcgy and man
ailenin issucs that will Ifft-ct tbeiaurtr¢ f'ebif t,-mtional rs,, stvm 

aOductitVan1d Inc Of wttional rcscarch svstems. Tlie first paper (b A. T. 
Moshcr) is dcvotcd to a discussion of unresolved issues in the evalatio of 
the internatiotal systcm. A second cs av (Iy Thcodorc W. Sclultz) foctises 
ci fbe 1(l of ceonoiiic policy in infitlicig tile prospects for lg;inls fron :,
riCuhtti rdl rescarch, IIIfile final paper (Ihy J. G, Crawford) tlie policies andd 
problems f;cing tihe (:oiisultat ivc ;roup oni Interitiattnal Agricuht oral Rcseirch 
and its Tecl nicl Advisory Commiittee in) hh;ir efforts to strengthen n;tionl. 
andI ill lerat ion-al itrScarnch ; re reviewed. 

ihe papers i'li:tId in til eoimc can not, Of course, reflect f(til v the e'
cit enientand1 letCge ofthe iAAi'li louse conlference. IPartictih l.yi i..,fiC: it;IIal 
c... i ribottinus ion, lic disclis.ions were MaIe aso li Rich aid l;;Idwin of CO'liJ 
lie.; Joel lcrn si.,ii of the Ut.S. i for it, rialional cvclolni ti .It Iimi cy aI clIli 
K. CocIlter c t lc Ctnsttative c4iu1) ol it cr'n ational AIArictIttoral RCs,: irch; 

€Or,, 0,It'cl, Vj V I,R J sli illMnd iUIIraIse ii. lI :t , t gtIIc tLILcii an o' 
the \orld Bink; M'c,.Mcl)mnald D~ovw' tif the National Ac:ideni of Sciciu.s; 
\Vttlftr I. Iislil of the U,S. )lpariimco of Agriciltre; I.owoll S. I Iardi of 
tle I ord FctindatihnilW. )vida I loppcr of tile Inmtcrtu;ioti;tl l)'chpleI citc-I 
search Cclilre; RIchard Nelson of Vale University; Peter Oran of tile F:,od 
and Agrictuliure Oi'giiatiot ,of the Uniited Nations; S. .1.Wcste).r (ofthe ,Min. 
ist ry ofO'vrseeI ¢'VeloTMwnIt of tle UnLitCd igdimi; i.M. W.sl)lt of the 
Agricultural I'cveclpnict Council, In'.; and V. R. W.\itinehirt of the Parker 
lieu Coi. 

lrcc.cc itlllt s 
nc, l bIy Ihe ii atcli:lIs presCntICd :i11d dCisctssed at ii cari ivr symitlcll .i tOOiti 

ResotirL'e AIloca tion iti AgricI tit,':I IR¢s¢arch held ;it the UliUie r:it). (ofAMiic-

At'Ite Hhilic 'ouse \\ts givell coctsid erbi'fle ha,in 

i 

II 
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suta n 1%Itbn ;ii .1wisits1 (if tile Minnclsota cinulcv. which fIi-w~d 
Oil il;,IN* (if th it aic kISltLs cy recil~cat Auite Hos hdill roill1m:i dlitslir 

ULnited Sit c) vicwpu), i Ill,% CI liIil il ;Ibook c,!Itcul hv Wait-I I.. Fi..lil 
aild!ncit id I,'ionmurio 111i,catiuoilill i' na kcsaru O.\i iit;t1 , dis: tUl.
'Vc*isit(if ,\lilint."ltjV'wss. 19)71) 

I' 1It duti 11 C,11 A iut su :' [ nI hruI 11(11,3it Il it I it,d i(p Icd itjitvd til foriui 

stuub~iCll l'ut Iittllf ls.51tJiC Ij1,, i,'cc nI I i ('Srtcl I(Irit~,I( o ( ush tuhi~klrvti a 

1Ilitis Ia YIIISO Ii. Ml il I 1:1s 1 t.LMC \ ~'l titS IkC 0Ih 

ca I II.~ Sii I cii l 'i l tw t -Irc csi! c i hoi''(.3 

l1tC I 1 V I V I ) ) JIII S 1 IT 1 'i 11i' !I II IpIi ,III ;I1 .1 i ] f.i t I w 

i ii I-\3 55 11 h 1.1if fili IIs ' Il :1 M ICii! ,I I i 1m I3'i!II IItI 



not. Iiupru-tie IccIlltiopv alone is udcarivI 11) tantlamlounll at)vicillurl Itt.
%'COIIIIII.B~tif theC 11)I0pLI f10111O UTttthinlogy Call beI L~itilI iincratcd 

iithol1t- scai Ii, thl- prvokiicitj1CS. Call oftenl be facilitaitctl. It is oUr 
hopc thua this vohuitue will oult riuilc toi luetItr tilladcrsu~tllm, of III( role ()f 
rscaich ill thle prctS oh1Ithnieah1 "hau1 llt n 1 of thic rohe of thtcl ullr'c 

jTll C-1nhuct of(ilt- Ait lic HINC.eemhee and the i plm-licttt of thliN 

SCV(1j*31 inll~ltM01S. 'I le C~l:ieLTCIle( etil(lit 01' RIKTI~COMillt COlIIYtclI 
F:. I;Fiio, \VhIcrL- I.hhel, and Vermin W. 1011:11n. The CilifCeellue %kaS 
Sjpuhltleh by\ ilc A'ik-ill tIll It~tliti (ItItleil tj14-it l Rtstai1 ohll 

I:utTirmit Nch~tv i~ lst;t wich ill ntioll- ifili'd ilt. ra~ 

t hewXXi i flic 1,oh. V(l(\ fll 11(11:1o l 

11t.d toin jtiti. jibh. ()it , Ial; \\.(. Ic .0,I :1 wt "11111,1v tals!: vW.tV by~:1!.(li 

ai1! p~liJillIcil kul Icq. IviI! 1iithrlcd.l tt!Midiminlli. \tii. l ~ 

th'ift XX.h mui i i 
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Development of the International
 
Agricultural Research System1
 

J. G.Crawford 

This chapter is about international agricultural research and, more especially,
developments since May 1971. In that month the first meeting of the Con
sultative Group on International Agricultural Research (CGIAR) was held. 
The membership comprised the sponsors, which included the World Bank 
(IBRD), the Food and Agriculture Organization (FAO), the United Nations 
Development Program (UNDP), fifteenand additional members-nine na
tional governments, two regional banks, three foundations (Rockefeller, Ford,
and Kellogg) and the very young International Development Research Centre 
(IDRC) of Canada. (See Appendix 11-1 for a complete listing of the member
ship.) 

The Consultative Group had met informally in January 1971 following
continuing talks between the Ford and Rockefeller foundations, IBRD, FAO,
and UNDP since October 1969. The leadership was provided by the World 
Bank, which now provides the chairman and secretariat of the group. The 
May meeting adopted a number of objectives (see Appendix 11-2) designed
to strengthen existing international research Mexicoin (CIMMYT), the 
Philippines (IRRI), Latin America (CIAT), and West Africa (IITA), and to 
develop nLkv activities to meet priority needs as determined by the Consulta
tive Group. 2 

The impetus for this action was the desire to encourage more research to
assist developing nations increase the quantity and improve the quality of 
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Table 11-1. International Agricultural Research System in 1975 

Center 

IRRI 
(International Rice 
Research Institute) 

CIMMYT 
(International Center for 
the Improvement of 
Maize and Wheat) 

CIAT 
(International Center for 
Tropical Agriculture) 

IITA 
(International Institute 
of Tropical Agriculture) 

CIP 
(International Potato 
Center) 

Date of 
initiation 

1959 

1964 

1968 

1965 

1972 

Proposed 
budget for 

1975 ($000) 

$8,520 

6,834 

5,828 

7,746 

2,403 

Location 

Los Bahios, 
Philippines 

El Batan, 
Mexico 

Palmira, 
Colombia 

Ibadan. 
Nigeria 

Lima, Peru 

Research 

Rice under irrigation; multiple crop-

ping systems; upland rice 


Wheat (also triticale, barley); maize 


Beef; cassav. ield beans; farming sys-

tems; swine (.ainor); maize and rice 

(regional relay stations to CIMMYT 

and IRRI)

Farming systems; cereals (rice and 

maize as regional relay stations for 

IRRI and CIMMYT); grain legume
 
(cowpeas. soybeans, lima beans, pigeon
 
peas); root and tuber crops (cassava,
 
sweet potatoes, yams)
 
Maintaining fertility in humid tropics
 
Potatoes (for both tropics and tem-

perate regions) 


Coverage 

Worldwide, special emphasis 
in Asia 

Worldwide 

Worldwide in lowland tropics, 
special emphasis in Latin 
America 

Worldwide in lowland tropics, 
special emphasis in Africa 

Worldwide including linkages 
with developed countries 



Table 11-1 - continued 

tQ 

Center 

ICRISAT 
(International Crops Re-
search Institute for the 
Semi-Arid Tropics)

ILRAD 

(International Labora-
tory for Research on 
Animal Diseases)ILCA 
(International Livestock 

Center for Africa)IBPGR 

(International Board for 
Plant Genetic Resources)WARDA 
(West African Rice De-
velopment Association)

ICARDA 
(International Center 
for Agricultural Research 
in Dry Areas) 

Location 

Hyderabad, 
India 

Nairobi, 

Kenya 

Addis Ababa, 
Ethiopia 

FAO, Rome, 
Italy 

Monrovia, 
Liberia 

Lebanon 

Research 

Sorghum; pearl millet; pigeon peas;
chick-peas; farming systems; ground-
nuts 

Trypanosomiasis; theileriasis (mainly 
east coast fever) 

Livestock production systems 

Conservation of plant genetic material 
with special reference to cereals 

Regional cooperative effort in adap-
tive rice research among 13 nations 
with IITA and IRRI support
Probably a center or centers for crop
and mixed farming systems research, 
with a focus on sheep, barley, wheat,
and lentils 

Date ofCoverage initiation 
Worldwide, special emphasis on 1972 
dry semiarid tropics, nonirrigat
ed farming. Special relay stations 
in Africa under negotiation
Africa 1974 

Major ecological regions in 1974 
tropical zones of Africa 

Worldwide 1973 

West Afica 1971 

Worldwide. emphasis on the 
semiarid winter rainfall zone 

Proposed 
budget for

1975 ($000) 

10,250 

2,170 

1,885 

555 

575 
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their agricultural output and thus to raise standards of living. All parties 

realized that increased agricultural productivity was essential to economic and 

social development in the great majority of these countries. 

Additionally, the two foundations which had initiated the research centers 

had indicated that the future needs of these and other new centers would be 

beyond their financial capacity. They indicated continuing strong support 

but nevertheless felt the need, in the unofficial words of one senior official, 

of "going public." I believe the step the foundations took will be given a high 

and honorable place in the history and achievements of international coopera

tion. 
From this beginning, the international research system has grown in breadth 

and complexity. It now comprises eleven centers, located in Asia, Africa, 

Latin America, and Europe, which are involved in varied research programs, 

as can been seen in Table 11-1. An additional center in the Middle East is be

ing planned. 
From a cost of about U.S. $12 to 14 million in 1972, the program fi

nanced by the Consultative Group was close to $34 million in 1974 (capital, 

budget, and outreach programs) with a commitment of about $45 milcore 
lion for 1975. While an element of this increase is attributable to inflation, it 

does represent a growth from four centers in 1971 to nine in 1975. In a short 
has given solid evidence of itsperiod of three years, the CGIAR system 

willingness and ability to back its judgment that international research has a 

vital role to play. 

The Technical Advisory Committee 

To assist it in its work, the Consultative Group established in May 1971 the 

Technical Advisory Committee (TAG) of which I have the honor to be chair

man. It comprises twelve scientists and me. (See Appendix 11-3 for a list of 

members.) FAO provides the secretariat. Put in a sentence, the task of TAC 

isto define priorities for research and to recommend action. 

TAC may either act on its own initiative or consider proposals submitted 

from the Consultative Group through its sponsors. (See Appendix 114 for 

TAC's full terms of reference.) It has to be remembered that the established 
CIMMYT, CIAT, and IITA-had virtually preemptedfour centers- IRRI, 

judgment on the matter of research priorities. While TAC had little difficulty 

in approving the main work of these bodies, it has begun to encourage some 

new thrusts, such as the move into rainfed rice production by IRRI. 

The work of TAC isexplicitly related to the problems of developing coun

tries both in technical (agricultural) and socioeconomic fields. National re

search in developed countries is often highly relevant but isof formal concern 
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to TAC only when it is or can be linked with the problems of developing 
countries.
 

TAC has defined "international research" 
 broadly to mean "research 
which, although based in one country, isof wider concern, regionally or global
ly; is independent of national interest and government control; and retains 
appropriate links with national and other regional or international research 
systems to ensure the necessary testing of results and feedback of both results 
and needs." 

TAC is advisory only: the Consultative Group will not act on important
research proposals without prior advice from TAC, but it remains free to re
ject or modify the advice it receives. It follows that the Consultative Group
has to be persuaded by TAC in its development of ideas on priorities. 

Prioritiesand Programs 

TAC, confirmed by the Consultative Group, places the highest importance on 
research directed toward increasing the amount and quality of food produced.
This is hardly surprising in the Malthusian situation in which much of the 
world finds itself. At best, TAC believes, research will buy time while popula
tion growth isbrought under control, but it isvital even for this purpose. This 
isreflected in TAC's statement on the cereals: 

In the first place cereals provide the mainstay of the diet in most de
veloping countries, especially for the poorer people, supplying an aver
age 52 percent of the calories and nearly half the total protein. It has 
been shown that if there is a serious deficit in calories in the diet the
body consumes protein for energy. Since cereals generally make the 
largest single contribution of an, commodity to both energy and pro
tein, research to increase their yield and protein content isof crucial 
nutritional importance. Upgrading their amino-acid composition could,
at no extra cost to consumers, make a further improvement in the qual
ity of the diet. Secondly, despite the real successes in increasing wheat
and rice output, cereal production in developing countries has barely
kept pace with population and income growth during recent ycars, and 
experience in Asia in the last two years shows how fragile isthe base on 
which these critical supplies rests. Income elasticity of demand for 
cereals isstill high in the poorer countries, quite unlike the situation for
food grains in the developed economies, and an important indication 
that food consumption levels are inadequate. In a number of countries
 
failure to increase production rapidly enough to meet domestic demand
 
has led to increasing imports, draining foreign e,:change required 
 for
 
social and economic development. Third, cereals are the lynchpin of the
 
cropping system in many developing countries and contribute signifi
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cantly to income and employment. Finally, a faster growth of grain 

production will be necessary if feed supplies are to become available in 
prices which will permit their economic use insufficient quantity at 

livestock rations. it is relevant to note the rapidly rising demand for 

feedgrains in the more affluent nations, which has been one factor con

tributing to the recent stringency and high prices of cereals and soya 

beans. This has in turn affected the availability of grains on concession

al or normal trade terms to developing countries and further emphasizes 

the need to incrcase output in these countries as rapidly as possible. 

The TAC report goes on to observe the growing necessity to raise yields 

arable land becomes more and more limited in relation toper hectare as new 

population. Its report comments:
 

it thus becomes increasingly necessary to turn towards raising yields 
as the major source of future growth, andand crop intensities per acre 

since cereals occupy the largest share of the arable area in a wide range 
effective use of landof environments, they hold the key to the more 

and water resources. Unless their yields can be increased or their time 

to maturity reduced, it will be correspondingly more difficult to make 

significant progresswith other crops and livestock since more and more 

land will bave to be devoted to satisfying basic calorie requirements. 
isopen only to a few countries.The alternative - increasing imports -

The main cereals supported are rice, wheat, barley, triticale, sorghum, and 

millet. 
Turning from cereals to other key commodities, the TAC has accorded 

high priority to those which will improve the quality of the diet, especially in 

respect to protein. In particular, it has focused atttention on the food legumes 

and on ruminant livestock. (It recognizes fully the place of pigs and poultry, 

especially in developing their production by labor-intensive methods. Most 
require extensive research, but thatmembers have felt that this would not 

the opportunities open for such development could be seized by the applica

tion of known methods of disease control, feeding, and management.) TAC 

isalso supporting research in starchy foods including cassava, potatoes, yams, 

and sweet potatoes. The importance of these crops in many developing areas 

with poor resources in relation to population- as in tropical Africa -is very 

great indeed. TAC has yet to determine its position in respect of aquaculture 

but there is evidence of scope for research and training with definite promise 
of breakthrough. 

TAC does recognize a second-level priority for food research. To quote its 

statement again: 

Having taken a firm position on its priorities for cereals, food legumes, 

roots and tubers, and ruminant livestock (especially cattle), and placed 
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a temporary questionmark against aquaculture, the TAC has been lessdecisive on some other foods, in particular oilseeds, vegetables and tropical fruits. This is partly the result of pressure of work related to thecommodities listed above, which, it decided in its earliest session, wereof highest priority, and where some good projects were already in thepipeline, but it also reflects a lack of sound proposals for research in 
other food commodities. 

This brings me to the important question of "nonfood," "industrial" or"agricultural raw materials" which have considerable importance in the economies of many developing countries. Cotton, jute, rubber, and forests are examples. Given the probable order of financial constraints, which I discusslater, TAC has been firm that it would be unhappy to give preference to research in these crops (to be supported by the Consultative Group) if this waslikely to impair necessary programs of food research. TAC is willing to consider proposals for nonfood crops referred to it provided that "the overriding need to secure the staple food supplies of the mass of the people wasfirst covered by existing or new international and regional research pro
grammes." 

Factor-OrientedResearch anu Systems Researc 
I have outlined our priorities in commodity terms. This at least has the meritof clarity and easy definition. Nevertheless, TAC has also had before it certainproposals for research relating to what might best be defined as factors ofproduction - water use and management, fertilizers, integrated pest control,pesticide residues, etc. - which have caused it some difficult moments. TAC 
stated its position as follows: 

In general, members have taken the view that such problems are mostmeaningfully studied in relation to specific commodities rather than asends in themselves. The), have argued that one of the reasons for thesuccess of the rice and wheat programmes has been the realisation byIRRI and CIMMYT of the need to develop and present to the farmer an
integrated "package" 
 of technology appropriate to tlieir new varieties,
and not just the latter in isolation unsupported by other essential in
puts.
 

While there is much merit in this argument, there are nevertheless instances which can be identified where it may be an inadequate approach
and where it is essential to move 
from the study of the commodity orpackage of technology to that of the system. Except in monocultures,water use and management has to be related to the crop-mix rather
than to the individual crop; fertiliser and pesticide residues contributing

to environmental pollution again come from the totality of the farm 
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and not just one enterprise. The introduction of small-scale livestock 
often implies a major revision of an established system. Multiple crop
ping depending on high output per annum involves radically different 
management and plant breeding and cultural concepts than systems 
which depend principally on high yield per individual crop. Inadequate 
survey and exploration of surface and sub-surface water resources com
bined with insufficient research on soil/plant/water relationships is fre
quently a serious obstacle to sound design, good water management and 
the development of optimum production systems in irrigated areas. 
Storage, and control of certain causes of crop loss, e.g., rodents, may 
present problems of a broader nature than a single crop. 

It is with these thoughts in mind that TAC has, of late, been stressing the 
scope for systems work which leads into socioeconomic research also. It is 
naturally concerned, within this framework, with devising means of intensify
ing agriculture as a means of raising total productivity (of two or more 
crops) per hectare through better resource utilization. In doing so, it may at 
times be forced to recognize a degree of location specificity not normally a 
constraint on commodity-oriented research. This in turn gives emphasis to 
regional and national research of the kind being considered in Africa (live
stock management) and in the Middle East. 

Despite the greater difficulty, confronting TAC in looking at research in 
noncommodity-oriented terms, TAC is prepared to do so.3 Its general posi
tion is summed as follows: 

But although increasing yields and production of' basic staple foods 
must remain a priority goal, the ultiniate objective of'agricultural re
search is development and t.,e economic well-being oJ'people. We ntust 
not be so bewitched with the hopes ofjurther spectacular successes 
with single crops that we Jail to recognize that other pathways to 
growth may exist. Insome regions, or ecological, social, or economic 
reasons, research o'a broader nature - even iJ it appears more complex, 
mtay oJjer the better hope of'a solution. Where such an approach seems 
desirable the TAC and the Consultative Group must grasp the nettle 
boldly. 

Socioecononfic Resea-ch 

The very real problems of, and opportunities for success in, the green revolu
tion have aroused widespread demands for a single international center in 
socioeconomic research. At the other extreme, many expect IRRI and 
CIMMYT to carry the whole burden of socioeconomic research associated 
with the national application of the rice and wheat technologies emerging 
from their work. Neither approach alone makes sense. 
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TAC has recognized three levels of action: 
(i) research at the micro-level (farm or village community), to identify
the socio-economic constraints to the successful adoption of new tech
nology, and to guide scientists at the International Centrcs and else
where as to the types of technology most likely to be acceptable to 
farmers. 

(ii) research at the level of public policy, e.g., to determine the measures 
and incentives needed to accelerate the use by farmers of technical in
novations, to give early warnings of possible "second generation" ef
fects of such innovations, e.g., on employment or prices, and to illumi
nate the choice of alternatives. 

(iii) research at the macro-level on broad issues affecting more than one 
country, or the economy of a country as a whole, e.g., on commodities 
and trade, some aspects of nutrition, sectoral analysis, etc. 

It is clear that the international research centers can do much under (i);
and TAC has recommended accordingly. This first category leads into (ii) -
public policy social and economic issues. While external assistance and invest
ment support can be given in these areas, the identification of problems and 
plans for their solution is very much a problem for research, planning, and 
governments in the nations affected. They can be helped, but no more, by
training and seminars conducted y the international centers. 

Where issues affect more than one country, there is scope for more inter
national action. This will become increasingly apparent in fertilizer supplies, 
commodity trade, pricing problems, and investment aid for development. In 
some of these matters, e.g., providing an early warning system for cereal pro
duction forecasts or for major issues of world food policy, there is undoubt
edly room for concentrated international effort - governmental and nongov
ernmental  but these are beyond my terms of reference. 

The real need, therefore, is strengthened socioeconomic work associated 
with the development of new technologies at research centers: international 
and national (including universities); national work on public policy implica
tions of new technologies; and international effort especially on economic 
and environmental efforts beyond the scope of national governments alone. 

Basic and Applied Research: Flexibility 
in Research Organization 

The TAC report does touch on this question. My comment must be extreme
ly brief and avoids the problems of theoretical delineation of the two terms. 
Indeed I shall make only one point: it may not be wise or necessary to tackle 
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"basic" problems through new institutions. Thus triticale is the product of 
basic work in Canada and elsewhere; soybean problems are probably better 
handled in such places as the University of Illinois, and some of the worrying, 
relatively low-yield characteristics of legumes which may have physiological 
and morphological explanations could be dealt with by contracts to universi
ty centers for research. "rAC has started to consider this last possibility. The 
contractual approach is an illustration also of needed flexibility in our ap
proach to international research. Not everything calls for an IRRI or a 
CIMMYT in organization terms. 

Strengthening National Institutions 

TAC could not possibly handle requests for strengthening national research 
systems, nor is the CGIAR established for this purpose. Nevertheless, TAC is 
clear that unless national research capacities are strengthened to an extent 
that enables them to take advantage of the results of international research 
the dividend from international research will be limited. Moreover, I do not 
hesitate to stress again the importance to the international centers of feed
back from adaptive research within national boundaries. Sometimes this is 
effected by outreach programs; but Indian and even Indonesian research 
capacities are not typical of the many very poor countries in Africa and Asia. 
Accordingly TAC has strongly urged more financial and organizational sup
port from FAO, UNDP, the World Bank, and bilateral donors for national re
search efforts. 

Financial Constraints 

As I have pointed out above, the total of core, capital, and outreach pro
grams has risen from $12 to 14 million in 1972 to an estimated $45 million 
in 1975. At constant prices this could -given continued support by the group 
- reach $57 million in the late seventies and perhaps $64 million in the early 
eighties. These two figures could be $65 million and $87 million if inflation 
continues at recent rates. Of course, these figures would quickly increase if 
the group were to invite TAC to cross the borderline between regional and 
national research. 

We have here a dilemma of concern both to TAC and to the Consultative 
Group. On tile one hand, TAC cannot assume unlimited support; on the other, 
once the group offers support it must also assume reasonable continuity in 
that support. The group has given TAC very strong backing thus far. For its 
part, I believe TAC has, in its priorities, acted with care and financial respon
sibility. It knows very well that research programs. ilust be reviewed from 
time to time and unnecessary or unpromising work deleted. It is about to 
establish working relations with the centers to this end. On the other hand, it 
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will continue to ap.,ess for support for new work which it considers to be 
vital contribution to the solution of the world's Malthusian situation. 

I think I should finish on a note of confidence. The CGIAR/TAC system
is a unique venture in international collaboration. It has succeeded beyond 
anyone's real expectations in 1971. We confidently await an increasing and 
usable output from the rising research investment. Much now depends on 
international and national economic and social policies to apply the actual 
and anticipated research results. This topic, which embraces the whole mean
ing of, and prospect for, development in the poorest areas of the world is 
beyond my brief in this chapter. However, I conclude simply by saying I do 
not belong to the band of hopeless pessimists. The CGIAR/TAC experiment 
has buoyed my hopes and expectations that good sense will yet prevail. 

APPENDIXES 

Appendix 11-1. Membership of the Consultative Group 
on InternationalAgriculturalResearch 

Membership as of November 1, 1974 comprised the following: Australia, 
Belgium, Canada, Denmark, France, Germany, Japan, Netherlands, Nigeria,
Norway, Sweden, Switzerland, United Kingdom, United States, United Na
tions Environment Program, three regional development banks (African,
 
Asian, and Inter-American Development Banks), the Commission 
 of the 
European Communities, three private foundations (Ford, Rockefeller, and 
Kellogg foundations), and the International Development Research Centre, an 
independent Canadian organization. 

The five major developing regions of the world participate in the Consulta
tive Group through representatives designated for a two-year term by the 
membership of FAO. Each region has designated two countries which alter
nate as members at their discretion. Representing Latin America are Argentina 
and Brazil; representing Africa: Morocco and Nigeria; representing Asia and 
the Far East: Malaysia and Thailand; representing the Middle East: Egypt and 
Pakistan; representing southern and eastern Europe: Israel and Rumania. 

The World Bank serves as chairman of the Consultative Group, FAO and 
UNDP as cosponsors. 

Appendix 11-2. Objectives of the Consultative Group 
on InternationalAgriculturalResearch 

The main objectives of the Consultative Group (assisted as necessary by its 
Technical Advisory Committee, or TAC) are as follows: 
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(i) On the basis of a review of existing national, regional and interna
tional research activities, to examine the needs of developing countries 
for special effort in agricultural research at the international and re
gional levels in critical subject sectors unlikely otherwise to be ade

by existing research facilities, and to consider howquately covered 4 
these needs could be met.

(ii) To attempt to ensure maximum complementarity of international 
and regional efforts with national efforts in financing and undertaking 
agricultural research in the future and to encourage full exchange of in

formation among national, regional and international agricultural re

search centers. 

(iii) To review the financial and other requirements of those interna
tional and regional research activities which the Group considers of high 

consider the provision of finance for those activities,priority, and to 
taking into account the need to ensure continuity of research over a 

substantial period. 
5 

(iv) To undertake a continuing review of priorities and research net

works related to the needs of developing countries, to enable the Group 

to adjust its support policies to changing needs, and to achieve economy 

of effort. 

(v) To suggest feasibility studies of specific proposals to reach mutual 

agreement on how these studies should be undertaken and financed, 
and to exchange information on the results. 

In all of the deliberations of the Consultative Group and the Technical Ad

visory' Committee, account will be taken not only of technical but also of 

ecological, economic, and social factors. 

Appendix 11-3. Original Members of the Technical Advisory
 
Committee on International Agricultural Researcha
 

1. Sir John Crawford (economist), Australian National Uni

versity, Canberra. Chairman. Australia
 

2. Ing. Manuel EIgueta (agronomist), Ex-director, Chilean 
Agricultural Research Institute; now working with IICA 
as director of proposed Turrialba Research Corporation Chile 

3. Professor Dr. HassanAli EI-Tobgy (geneticist), Under

secretary of Agriculture and chairman of the Research
 

Committee 
 UAR 
a Proli'ssor 1). Bommer, I lead, Institute for Plant Cultivation and 

Seed Research, Agricultural Research Centre, was added as the thir- Fed. Republic of 

teenth member in June 1972. Germany 
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4. ProfessorH. Fukuda (irrigation specialist), Vice president,
 
International Commission for Irrigation and Drainage,
 
Tokyo University japanb
 

5. Dr. G. Harrar(plant pathologist), President , Rockefel
ler Foundation 
 USAc 

6. Dr. W. D. Hopper (economist), President, International
 
Development Research Centre 
 Canada 

7. 	Dr.Luis Marcano (agronomist), President, Shell Founda
tion 
 Venezuela 

8. Dr. T. Muriitbi(animal health), Director, Veterinary Ser
vices 
 Kenya 

9. Dr.J. Pagot (animal production), Directeur general, In
stitut d'Elevage et de Mdecine Vt6rinaire des Pays
 
Tropicaux 
 France"' 

10. Dr. H. C. Pereira(physicist), Director, East Mailing Re
search Station, Kent (Previously director, Central Afri
can Research Organization) 
 UK 

11. 	Dr.L. Sauger (agronomist), Directeur, Centre de Re
cherche Agronomique du Bambey 
 Senegal 

12. 	Dr.M. S. Swaminathan (geneticist), Director, Indian
 
Agricultural Research Institute, New Delhi 
 India 

Appendix 11-4. Terms of Reference of the Technical
 
Advisory Committee
 

TAC will, acting either upon reference from the Consultative Group or on its 
own initiative 

(i) advise the Consultative Group on the main gaps and priorities in agri
cultural research related to the problems of the developing countries, in 
both the technical and socio-economic fields, based on a continuing re
view of existing national, regional, and international research activities; 

(ii) recommend to the Consultative Group feasibility studies designed 
to explore in depth how best to organize and conduct agricultural re
search on priority problems, particularly those calling for international 
or regional effort; 
b Since succeeded by Dr. N. 'amada, Director, Tropical Agricul

tural Research Center, Ministry of Agriculture and Forestry Japan 
c Since succeeded by Dr. V. W. Ruttan, Agricultural Develop

ment Council, New York USA 
d Since succeeded by Dr. Guy Cb. Camus, Directeur general, Of

fice de la Recherche Scientifique et Technique Outre-Mer France 
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(iii) examine the results of these or other feasibility studies and present 
its views and recommendations for action for the guidance of the Con
sultative Group; 

(iv) advise the Consultative Group on the effectiveness of specific exist
ing international research programs; and 

(v) in other ways encourage the creation of an international network of 
research institutions and the effective interchange of information among 
them. 

These terms of reference may be amended from time to time by the Consulta
tive Group. 

NOTES 

1. The present paper is an edited and updated version of my liannaford Lecture en

titled "International Agricultural Research: An Encouraging Venture in International 

Collaboration," given at Adelaide University, Adelaide, Australia, on November 26, 
1973. 

2. For background on the early development of the international system, see E. C. 

Stakman, Richard Bradfield, and Paul C. Mangelsdorf, Campaigns against ttunger (Cam
bridge, Mass.: Belknap Press of Harvard University Press, 1967); also, Sterling Wortman, 

"Extending the Green Revolution," World Development, 1:12 (December 1975), 45
51. 

3. An example is plant nutrition which is currently under consideration by TAC. 
4. Research is used in this document in a broad sense to include not only the de

velopment and testing of improved production technology, but also training and other 

activities designed to facilitate and speed effective and widespread use of improved tech
nology. 

5. Final decisions on funding remain a responsibility of each member in connection 

with specific proposals. 



12 
The International Rice Research
 
Institute (IR RI) Outreach Program
 

Nyle C. Brady 

International agricultural research centers are an innovative approach to the
 
use of science in solving the world's food problem. They are sharply focused

scientific establishments 
 which, though located in developing countries, are 
as well equipped and manned as any in the developed world.
 

There are two 
primary criteria for the success of international agricultural
research centers. First, they must be centers of excellence, applying the

world's best scientific talent to the practical problems they 
were established
 
to solve. They must develop superior varieties, strains, cultural practices, and

farming systems on which improved technology for the developing world can
 
be based.
 

Second, the international centers 
must serve as stimulating and collaborat
ing forces to improve the quality and output of nationalresearch programs.

They must do more than merely make their products available for use by
other countries. They must work collaboratively to improve the scientific ex
pertise, operational efficiency, and output of the national research pro
grams. 

IRRI's TraditionalInternationalInvolvement 
From its inception, IRRI has fulfilled this dual role -as an emerging center
of excellence and as a collaborator with rice-production countries., Although
it was necessary in the early days of IRRI's history to emphasize the develop

295
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ment of excellence, the international ole was not neglected nor could it have 

been. 

The Collection of Germ Plasm 

The original seeds collected for IRRI's germ plasm bank came from exist

ing national stocks or from samples collected by collaborators in cooperating 

countries. The practice of splitting each sample collected, retaining one por

tion in the country of its origin, and sending the other to IRRI set the stage 

for this mutually beneficial program. More than 33,000 samples have been 

collected from cooperating countries. 2 

As the seed bank has grown, the return flow of samples to national pro

1973, nearly 8,000 samples were sent to scientistsgrams has expanded. In 
working in national programs. Similarly, seeds of lines from IRRI's breeding 

programs are furnished upon request to country scientists. About 8,000 sam

ples of these lines were sent in 1973. 

Publications 

In 1963, IRRI published a bibliography of the world's literature on rice. 

This publication, which is supplemented annually, isvery helpful to research

ers in developing countries who cannot easily translate Japanese, the language 

in which much of the rice literature ispublished. Photocopies are made avail

able upon request, a significant service to national research agencies. 
a number of books and special publicationsIRRI scientists have written 

rice and its enemies. The institute also publishes the proceedings of imon 
symposia and makes them available to scientists inportant conferences and 

cooperating countries. 
The quarterly IRRI Reporter provides brief summaries not only of re

search findings at IRRI but of research done in cooperation with scientists in 

other countries. The IRRI annual report contains more detailed information 

on research accomplishments. 

Conferences, Symposia, and Workshops 

Conferences, symposia, and workshops which provide opportunities for 

communication among rice workers have been held regularly since the insti

tute was established. The annual international rice conference, initiated in 

1969, has traditionally provided opportunities for scientists and research ad

ministrators to review research results from all important rice-growing areas. 

This annual conference is now being used also for making cooperative plans 

for future programs. 
A series of special symposia has permitted rice scientists to explore in 
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depth subjects of broad interest to them. Scientists from both the developing and the more developed world are invited. A symposium was recently
held on "Climate and Rice," the eighth major symposium held since the 
institute was founded. 

Training 
IRRI's training program seeks to upgrade the expertise of rice scientists

and educators in cooperating countries. Selected in consultation with officials
in their home countries, the trainees participate in one of two types of train
ing. Those with extension and applied research orientation are involved in one
of two six-month production research training courses. In the first course,
they gain practical experience in all phases of rice production; in the second,
they study rice-cropping systems. After completing these courses, participants
are prepared to give similar training to extension workers in their own coun
tries. Such training imparts needed knowledge and skills, but perhaps more
importantly it is a source of pride to those who have worked together as a 
team using science to help farmers produce more food. 

Those trainees who are research-oriented can participate in short on-thejob research training programs or, if their needs dictate, they can take course 
work at the University of the Philippines at Los Bafios to fulfill the require
ment for the M.S. or the Ph.D. degree. Their thesis research isdone at IRRI,
giving them an opportunity to gear this research to the practical problems
they will face when they return home. 

In some cases it is desirable for the trainee to take some graduate courses 
at a university in the United States or in Europe. However, the scholar must 
return to IRRI to do his research work on a problem of some relevance to his 
own country. Whether the IRRI scholars and fellows obtain their academic
training at Los Bafios or in the Western Hemisphere, they have the advantage
of orienting their research to the solution of practical problems. Furthermore,
they do their research in a cultural environment more similar to their own 
than are those of the United States or Europe.

Postdoctoral research is provided for a select group of young scientists 
from rice-growing countries. Some are scientists working in national pro
grams. Others have recently completed their Ph.D.'s and need to focus on 
rice-production problems before returning home. 

Since IRRI began its training program in 1962, about eight hundred manyears of training have been given to scientists and educators from forty-five
countries. Most of the students have come from South and Southeast Asia although a number have come from Africa and Latin America and afew from
Europe and North America. Currently, IRRI provides about ninety man-years 
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of training each year, twenty-five of which are for nondegree scholars and fel

lows, fifty-five for those registered for M.S. and Ph.D. degree training, and ten 

for postdoctoral fellows. 

FourCooperativeApproaches 

IRRI's cooperative programs with national research organizations have four 

primary objectives: to do location-specific research which cannot be done ef

fectively at IRRI headquarters in the Philippines (this is called collaborative 

research); to develop international research networks on problems of com

mon interest (international testing); to strengthen national research capabil

ities (outreach services); and to strengthen the countries' capacities to utilize 

research findings in rice production programs. Any given cooperative project 

may have more than one of these objectives. In some cases, all may be in

volved. 

Collaborative Research 

IRRI scientists often find that major problems cannot be attacked con

veniently at our headquarters in Los Bafios. For example, some serious insect 

and disease pests are not found at that location, and yet it is essential that 

IRRI's varieties and breeding lines be thoroughly tested for resistance to the 

pests in question. Examples are research on the gall midge insect in India, on 

the tungro virus disease in Indonesia, and on a suspected biotype of the 
brown plant hopper in India. 

The tolerance of different rices to toxic soil conditions (such as those 

brought about by excessive salt, acidity, alkalinity, or iron) can also best be 

ascertained if tests are run where the problem exists. Arrangements are being 

made with scientists in India and Sri Lanka to carry out field screening trials 

to identify varieties with greater tolerances to toxic conditions. 

In some cases, collaborative research can be done overseas with little direct 

input from IRRI other than in the planning stages. The research is sufficiently 

important to the cooperating countries to justify additional national financial 

and personnel inputs without outside assistance. Testing IRRI lines in parts of 

Indonesia infected by tungro virus and in areas in India with brown hopper 

pressures are examples. In other cases, IRRI scientists are involved not only 

to help with the overseas research but to carry out supplementary and comple

mentary experiments at IRRI headquarters. Research on flood-tolerant lines 

and varieties in Thailand and at IRRI headquarters is an example. 
Collaborative research may also be undertaken with more than one other 

country. An example is research being planned on deep-water rice, a type of 

culture found in approximately 10 percent of the rice area of Asia. The area 
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of deep-water rice in the Philippines is insignificant, but large areas are found
in Bangladesh, Thailand, India, and Indonesia. We are developing a coopera
tive research program with the Ministry of Agriculture in Thailand to workon deep-water rice. Two IRRI scientists located in Thailand will collaborate
with their Thai counterparts in expanding and strengthening an ongoing deepwater research program there. They will also collaborate with scientists in
other deep-water rice countries. 

There are many research areas of mutual interest to IRRI scientists andtheir associates in India. We have signed a memorandum of agreement withthe Indian Council of Agricultural Research which provides for collaborative
research planning and implementation as well as for the exchange of scientific
personnel. Each year a work plan is developed. This plan clearly identifies theareas of mutual interest, the division of responsibility in carrying out theneeded research, and the areas in which personnel will be exchanged. Thisprocedure has many advantages and is being pursued in a modified form in 
the Philippines and in Thailand. 

Although the primary objective of collaborative research is to find answersto specific problems, a secondary objective is the strengthening of national
research capabilities. In implementing the research, both IRRI scientists andtheir counterparts improve their capabilities. New techniques are developedand utilized. Interdisciplinary approaches are fostered. This procedure pro
vides training in a framework that is satisfying to scientists from IRRI and the 
developing countries alike. 

International Networks 
The second phase of IRRI's outreach program is the development of international research networks. These networks permit scientists from differentcountries to plan and implement research projects in several countries at onceusing common objectives and procedures. At present, three networks are in
existence or are 
being set up: the international testing program for Genetic
Evaluation 
 and Utilization (GEU); the International Rice Agro-Economic

Network (IRAEN); and the International Cropping System Network (ICSN).Other informal networks exist for research on herbicides and fertilizers.
IRRI's initial objective is to serve as a catalyst for these networks. Once ageneral area of mutual interest is identified, scientists from cooperating coun

tries are brought together to set up the general framework for the network
and to determine the specific experiments, surveys, or studies to be done.In some cases, IRRI or one or more of the cooperating countries may havealready run some pilot experiments in the research area which serve as aguide. For other projects, a loose cooperative framework may already exist
which needs only formalization for the specific experiments in question. 
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National research personnel must be fully involved in the planning and the 
implementation of the network. In no case can the impression be given that 
the network is merely an extension of IRRI's program. To be successful, the 
network research must be planned and carried out by the country scientists. 

In each of the three projects currently under way we have assigned an IRRI 
scientist to serve as network coordinator. In the genetic (GEU) trials, for ex
ample, the coordinator is responsible for collecting seeds of lines and varieties 
to be tested and for disseminating them among the cooperators. He facilitates 
communications among cooperators and coordinates the exchange of biolog
ical materials, the collection and collation of data, and the planning of work
shops or conferences. The coordinator visits the countries involved and re
views ongoing experiments and program plans with cooperators. 

If funds permit, scientists from one country are encouraged to visit experi
ments in other countries so they can see more clearly how the international 
network can be useful to them. These visits also have some training value, be
cause new techniques are demonstrated and innovations evaluated. 

The international testing network of the Genetic Evaluation nnd Utiliza
tion (GEU) program has been in progress since the early sixties. In coopera
tion with national research centers, nurseries have been set up to screen rice 
lines and varieties for insect and disease resistance. For example, more than 
300 international blast nurseries have been conducted in twenty-five coun
tries since 1963. Similar tests for bacterial leaf blight were initiated in 1972 
and for sheath blight in 1973. International yield trials weie initiated in 1973, 
and observational nurseries are being established for the general evaluation of 
several hundred of the best selections from both national and international 
sources. 

Recently, the international testing program has been expanded to include 
international nurseries for adverse soil and weather conditions as well as for 
the major insects and diseases. Observational nurseries and yield nurseries are 
also included. The tests involve upland rice as well as paddy rice nurseries. 

The Agro-Economic Network (IRAEN) is based upon the success of a pre
liminary cooperative study among economists and agronomists from several 
countries who were concerned with rice yields in relation to different types 
of farming. The IRAEN has been concerned initially with international study 
of constraints on yields in farmers' fields. It is innovative in that its success 
depends upon the close collaboration of economists and agronomists who will 
attempt to measure the relative importance of different factors constraining 
rice yields under different environmental conditions in South and Southeast 
Asia. 

Planning and implementation of the Cropping System Network are accom
plished using procedures similar to those used by the GEU and IRAEN. Po
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tential research locations have been chosen on the basis of broad agroclimatic
regions. A network coordinator has visited most of the countries of Southeast 
Asia. In consultation with local scientists, potential sites for cropping systems
trials have been identified in Indonesia and the Philippines, and discussions 
are under way with scientists from other countries. 

IRRI scientists have great expectations for the international networks sys
tem. It gives country scientists experience in conducting research. It illustrates 
the international nature of science. It provides IRRI scientists with a better
understanding of the problems faced by farmers and by researchers in the 
cooperating countries. 

Strengthening the Capacity of Country
 
Research Programs (Outreach Services)
 

Most of IRRI's activities-collaborative 
 research, international networks 
training, distribution of seed samples  are aimed at strengthening national re
search capabilities. They are complemented by formal country-assistance 
projects. 

The prime objective of these projects is to enable local scientists to improve their skills and the national agency to develop a workable research sys
tem. In these projects, IRRI scientists are located in the cooperating country.
These scientists function as members of the local staff, not merely as IRRI 
overseas employees. Their operational support comes largely from local 
sources. 

The three major functions of IRRI scientists working in cooperative coun
try programs are the following: to provide temporary research expertise
which permits national research programs to begin while local staff are receiving formal training outside the country; to offer on-the-job training for
their counterparts in national programs; and to assist in the development of 
a viable system of rice research and of a managerial framework within which 
that research can be implemented. 

Since 1960, IRRI has undertaken twelve country projects in Pakistan,
Bangladesh, India, Sri Lanka, Indonesia, Vietnam, Egypt, and the Philippines.
Although not all of these projects have been successful, together they have
played a major role in the general steady improvement of the research and in
stitutional capabilities of the countries involved. 

Strengthening the National Capacity 
to Utilize Research Findings 

For several years, IRRI has been involved in a pilot project aimed at put
ting research results into production more rapidly. This project involves a
series of applied research trials planned and implemented cooperatively with 
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the national research and extension organizations. These in turn become the 
basis for a pilot action program operated by the cooperating country and, if 
this is successful, a nationwide production effort based on the applied re
search findings. 

This procedure has been tried in the Philippines with some success. The ap
plied research trials were concerned first with a "package" technology ap
proach and then with a direct-seeding two-crop management system which 
will permit two crops to be grown in rainfed areas where only one grew in 
the past using the conventional cropping systems. The trials were run on 
farmers' fields with tile aid of IRRI-trained technician-employees of the ex
tension service. The Philippine government utilized tile technology demon
strated in the fields to set up the "Masagana-99" national rice production pro
grain in the Philippines. This program appears to have been reasonably success
ful in spite of shortages and high costs of inputs as well as typhoon and flood 
damage during the past two years. 

The Philippine experience is still considered a pilot operation. Depending 
on a final assessment of this preliminary work, similar programs in other 
countries may be initiated, starting in 1976. 

Operational Constraints 

IRRI scientists and administrators have given considerable thought to steps 
which might improve IRRI's international programs, particularly the coop
erating-country projects. 

We have identified at least three major problem areas which tend to limit 
our success. These are limitations on IRRI's ability to provide the needed 
assistance; limitations on the ability of the national agency to use the assis
tance effectively; and limitations stemming from the fragmentation and lack 
of continuity of donor inputs into the national research programs. 

IRRI faces several problems in working effectively to improve national re
search capabilities. First, there is the difficulty arising from the dual role 
played by IRRI: an aggressive "doer" of research on the one hand and a less 
aggressive "tutor" for research on the other. Some difficulty is experienced 
in taking steps to strengthen the training and the organizational and managerial 
capabilities of country programs without giving the impression that the ex
ternal organization is dominating the local scene. Fortunately, in most cases 
the selection of IRRI staff for the overseas assignments has been such that the 
"dual role" has been minimized. Working relationships at the country level 
are good. 

A second limitation on IRRI's ability to be more helpful relates to the lack 
of research coordination and management expertise in national agencies. Fre
quently, the greatest need does not stem from the inadequacy of the local 
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scientist but rather from the inadequacy of the research system of which he is 
a part. This need for managerial assistance is attributable to both the con
straints on the national researchers and the complexities resulting from the 
fragmentation of donor assistance. 

The limitations experienced by the national research agencies ire well
known. In some cases government restrictions and inflexibilitics set up almost 
insurmountable roadblocks to the development of viable agricultural research 
programs regardless of the external support provided. In others, low staff 
salaries and inadequate operational support funds give little opportunity for 
local staff to innovate and reorient programs. in still others, the rate of change
needed in the organizational and operational frameworks is more rapid than 
any but the most innovative administrators and political decision-makers will 
permit. 

The problems facing national research agencies are attributable as much to
organizational and managerial weaknesses as to the inadequate training of sci
entific personnel and the low quality of the research being conducted. At the 
same time, research achievement can solve the problem in some cases. It has
been said, for example, that IR-8 and other high-yielding varieties brought
about more change in the organizational and managerial frameworks of na
tional rice research programs than all the research coordinators, administra
tors, and other nonresearch advisers combined. Although this may be an over
statement, IRRI is working on the assumption that research accomplishments 
can influence decision-makers. We will do all we can to help the country re
searchers achieve these accomplishments. At the same time, other efforts will
be continued to help improve the rice research systems of our cooperators.

The fragmentation and lack of coordination of donor assistance to national
rice research programs are serious obstacles in some cases. Each donor pro
vides assistance to alleviate the constraints on research as perceived from his
institutional point of view. In some instances this viewpoint has a political
flavor which relates as much to the objectives of the donor as to those of the 
cooperating country. While this situation appears to be inevitable where 
donor assistance is given by outside national aid agencies, it does not make 
research coordination easy to achieve. 

Fortunately, donor agencies do at times coordinate their activities well,
making IRRI's job of assistance easier. Plans are made jointly by representa
tives of the national agency, the donors, and IRRI. Support from each agency
is agreed upon, and the program is implemented. 

A second donor-related constraint is the lack of continuity of funding for
the cooperating country projects. These projects are often of two to three 
years' duration only. Although such time limits accord with justifiable donor 
policies, they constitute a serious constraint on the employment of competent 
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personnel. Also, the seemingly unavoidable delays in approval of project ex
tensions is bad for staff morale. Furthermore, with the fate of IRRI interna
tional staff at stake, it is very difficult to bring about needed changes in proj
ects as they are renewed. Moral commitments to existing staff limit our bar
gaining power to obtain needed changes in contract provisions. 

What of the Future? 

We are optimistic about future cooperative relationships between interna
tional research centers and country agencies. These relationships are helping 
to move research results from tile experimenter's plots to the farmer's field. 
Furthermore, they are identifying which of the experimenter's results will be 
most useful to the farmer. 

Our optimism is based on the assumption that certain clear guidelines will 
be followed in center-country program relationships. These guidelines include 
the following. 

1. There must be a clear delineation of the responsibilities of each center in 
respect to both the coverage of science subject matter and the methodology 
to be used. This delineation must be made by the administration and govern
ing boards of the centers and must be clearly understood by donors and na
tional organizations alike. Centers should not be called upon to perform activi
ties for which they do not have a comparative advantage. For example, they 
should not be used as substitutes for the type of general-assistance programs 
formerly carried out by donors. 

2. Each special project involving a center and a national program should be 
directly related to the long-term goals of both the center and the country pro
gram. To assure this, a joint analysis by both organizations of the country's 
long-term agricultural research and training goals is desirable. 

3. The quality of center personnel in country projects should, to the ex
tent feasible, be of the same caliber as that found in the center's core pro
gram. The scientist's training must fit his responsibilities in the country, but 
scientists assigned to country programs should not be second rate. If we are 
to have competent scientists in country programs, longer term commitments 
must be made to these scientists, and they must be given perquisites compar
able to those enjoyed by scientists located at center headquarters. 

4. A fiscal and personnel management system must be developed at each 
center to permit the full exploitation of opportunities for collaboration and 
cooperation with country programs. This means that core program donors 
should realize that some scientist and administrator time will be involved in 
assisting country programs. This time should be recognized as being as legiti
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mate in carrying out the goals of the center as is any other phase of the core 
program. 

To accommodate expanding country-center programs additional scientific
and managerial talent must be recruited. This additional help is needed to pre
vent the erosion of core programs, which in many instances are thinly staffed.

A sounder financial base must be provided for centers to carry out their
obligations and opportunities with cooperating countries. Funds are also
needed to support exploratory studies and the staff time required for the de
velopment of projects before they are funded by an outside donor.

5. The role of the international centers in providing assistance to national 
programs must be subject to continuing scrutiny, not only by the center gov
erning bodies but by the consultative group as well. Projects dealing with sub
jects central to the missions of the centers should be developed and initiated 
by or in cooperation with the centers. 

The challenge to both the centers and the national programs is to carry outtheir symbiotic relationships without endangering their common primary
function  to bring science to bear effectively on the solution of the world's
food problems. The challenge for donors is to provide long-term funding for
quality center-country programs which have as one of their prime objectives
the enhancement of research capabilities within countries. 

NOTES 
1. A. Colin McClung, "IRRI's Role in Institutional Cooperation in Asia," Rice, Science and Man (Los Bafios: International Rice Research Institute, 1972), pp. 1940.

2. See T. T. Chang et al., "The Genetic Conservation Program of IRRl," report prepared by a committee of IRRI scientists (Los Bahios: International Rice Research Insti
tute, December 1974). 
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The International Maize and Wheat
 

Improvement Center (CIMMYT)
 
Outreach Program
 

HaldoreHanson 

Background on CIMM YT 

CIMMYT's mandate is to improve the quantity and quality of maize and 

wheat wherever they can be grown efficiently, but especially in developing 

countries. 
The maize program includes cool-tolerant sorghum, a possible substitute 

crop for maize at high elevations, and wide crosses attempted between maize 

and other species of plants (for example, maize x tripsacum, maize x sor

ghum). 
bread wheat, durum wheat, barley, triticaleThe wheat program includes 

(a cross of wheat x rye), and other wide crosses attempted between small 

grains (for example wheat x barley, wheat x oats). 
of crops applies particular-The reference in the mandate to the "quality" 

ly to the proteia content of cereals. 

Wheat or maize is the basic foodstuff of a majority of the developing coun

tries. These two crops are eaten by more than one billion people. Together 

with rice, which stands first in production in the developing countries, they 

constitute over 80 percent of the cereals eaten by poorer nations.
 
to a given cereal
If we arbitrarily decide that 100,000 hectares planted 


crop makes that crop an important national food, then there are seventy
 

in the world.
maize-growing countries and sixty wheat-growing countries 

306 



THE CIMMYT OUTREACH PROGRAM 307 

<00 

Figure 13-1. Wheat: Developing countries in which wheat is an important crop
(over 100,000 hectares of production per country or over 25 percent of na
tional calories derived from the crop). 

Fifty-three of the maizc growers and thirty of the wheat growers are develop-

If we add to the list of developing countries those which produce less than 
100,000 hectares of maize or wheat but derive more than 25 percent of their 
total calories from one of these crops, we find a total of more than sixty na
tional maize programs and forty national wheat programs which deserve at
tention from CIMMYT (see Figures 13-1 and 13-2). 

Figure 13-2. Maize: Developing countries in which maize is an important crop
(over 100,000 hectares of production per country or over 25 percent of na
tional calories derived from the crop). 

When we compare this potential workload with the size of CIMMYT's 
headquarters staff, which includes thirteen scientists for wheat and thirteen 
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for maize, it is clear that only a remarkably efficient use of resources will per

mit so small a staff to have an impact on production in so many countries. 
One fact that influences CIMMYT planning is revealed in the statistics cit

ed above: although the wheat crop in developing countries is somewhat larger 
than the maize crop - 79 million tons compared with 62 million tons - more 
countries are staple maize-eaters than wheat-eaters. Consequently, the maize 
staff at CIMMYT must deal with more governments than must the wheat 
staff. Later in this chapter, when we discuss proposals for regional programs 
involving groups of producing nations, it will be seen that CIMMYT recom
mends six maize-producing regions compared with four wheat-producing re
gions. 

Services for National Programs 

The requests for assistance which CIMMYT receives suggest that the pri
mary needs of many countries are (1) better germ plasm (seed) and improved 
production technology; (2) the training of institution/agency staff who will 
test and introduce better technological methods into their countries; and 
(3) advice on all aspects of food production for such decision-makers as the 
president, the staffs of various agricultural service agencies, and the farmer 
himself. An international center must be prepared to participate in most of 

these fields if its effectiveness is to be measured by rising national crop 
yields. 

There are many aspects of national crop improvement in which the inter
national center can offer only marginal expertise. Salient among these are 
investments in fertilizer factories and social reforms affecting land tenure and 
political-economic decisions, such as whether to grow more food at home or 
to import more food at concessional prices. (The latter issue held back wheat 
production in the Andean region for more than two decades.) 

A successful breakthrough in crop technology, such as the packaging of 
Mexican dwarf wheat and its production practices, has conferred a creditabil
ity upon CIMMYT which carries far beyond the agricultural sciences and 
causes governments to ask advice on a wide range of production factors. In 
this situation CIMMYT must exercise caution and refer some requests for ad
vice to more appropriate specialists. 

CIMMYT's Predecessor 

CIMMYT became a legal entity with an international mandate in 1966, 

but during the preceding two decades, starting in 1943, CIMMYT's prede
cessor agency was a cooperative research and production program for basic 
foodstuffs in Mexico, cosponsored by the Mexican government and the 
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Rockefeller Foundation. During these two decades, CIMMYT's research, 
training, and outreach activities took shape. 

Norman Borlaug, director of the wheat program since 1944, conducted 
his wheat breeding in Mexico in two cycles a year, one winter crop under ir
rigation in Sonora State at latitude 290 N (sea level) and one summer crop
in rainfed conditions on the Mexican high plateau near roluca at 190 N (ele
vation 8,700 feet). The result of this biannual movement over many cycles 
was a wheat type which was adaptable to the day length, temperature range, 
moisture conditions, and tolerance for diseases of the two climates. This 
adaptation became a major factor in the success of Mexican wheats when 
they were moved half way around the world to the Punjab of India-Pakistan 
in the 1960s and were found to be well adapted there. 

Another development of this early period was the Mexican training pro
gram. More than 400 Mexicans were given in-service training for research on 
wheat, maize, and beans. More than 200 did work toward the M.S. degree, 
and more than 80 received their doctorates. This group of agricultural scien
tists trained in the 1940s, 1950s, and 1960s now provides leadership for most 
of the agricultural agencies in Mexico, from the minister of agriculture on 
down. The lessons learned from this training program still offer insights for 
the needs of many other countries. 

Finally, the Mexican program it, the 1950s and 1960s served as a stepping 
stone for Rockefeller Foundation scientists who first gained experience in 
Mexico and then helped other Latin American countries - Colombia, Ecuador, 
and Chile - establish similar crop improvement programs. These foundatioi. 
men carried with them the experimental maize and wheat from the Mexican 
program, and soon there were inter-American nursery trials, which set the 
pattern for the later international workshops among this group of nations. 

Thus many of the activities that CIMMYT now calls "outreach" were test
ed and improved in those early years before CIMMYT became an internation
al center. 

Services from CIMM YT Headquarters 

Strengthening national production programs is the basic objective of CIMMYT 
and the other international centers. Our headquarters program is organized to 
achieve this end. CIMMYT distributes seed, production technology, and train
ing services to national production programs in a var.-ty of ways. 

Consulting with Governments 

CIMMYT's senior staff spend between 15 and 20 percent of their working
time traveling outside Mexico, consulting with governments of wheat- and 
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Table 13-1. Locations of CIMMYT Nursery Trials in 1974 

Countries Con- Trials per 

ducting Trialsa Region 

Region Wheat Maize Wheat Maize 

Latin America ............ . 14 12 297 127
 
Asia and Pacific ........... . 12 7 196 60
 
North Africa :,nd Near East . . 17 4 273 13 
Africa soutl, ,f the Sahara ..... .17 13 122 36 
Europe, Canada, U.S........ .26 3 316 1
 

Total ............... . 86 39 1,204 237
 
a A total of ninety-three different countries. 

maize-growing countries, or exchanging information with research institu
tions. This international travel required 1,823 man-days (about five man
years) in 1972 and 2,500 man-days (about seven man-ycars) in 1974. 

Consultation by CIMMYT staff has been increasing steadily over the past 
five years and has reached an approximate limit for t e present size of the 
headquarters staff. Future increases in consulting will be accomplished by 
stationing CIMMYTI staff members in the various producing regions, as will 
be discussed later. 

International Nursery Trials 

International nursery trials distributed from CIMMYT were grown in nine

ty-three countries in 1974. These trials represent CIMMYT's principal method 
for distributing improved germ plasm and outstanding breeding materials to 
developing countries. 

An "international trial" consists of identical packages of experimental 
seed sent to a network of collaborating scientists throughout the world. These 
scientists are asked to grow the seed under a standard set of procedures, us
ing their best local varieties as checks, and to return the data to CIMMYT. 

CIMMYT! then analyzes and publishes the results. 
CIMMYT began its international nurseries for wheat in 1960 and for maize 

in 1971. In 1974, wheat trials were grown at 1,204 sites in eighty-six coun
tries and maize trials were grown at 237 sites in thirty-nine countries. The ob
jectives are (1) to test new lines of wheat and maize under widely differing 
conditions of day length, temperatures, moisture, diseases, and insects; (2) to 
obtain yield data which can guide the breeding work of the entire network, 
including CIMMYI'; (3) to train a network of cooperating scientists; and (4) 
to obtain from these scientists, in exchange, their best experimental germ 
plasm for inclusion in future trials and in CIMMYT's crossing program. 

Scientists estimate it would take any one collaborator fifty years of repeat
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Figure 13-3. Location of CIMMYT nursery trials, by region, 1974. 

ed trials in his own stations to obtain data as comprehensive as that from one 
year's trial on a worldwide basis. 

Locations of the CIMMYT nursery trials of 1974 are shown in Table 13-1 
and Figure 13-3. 

The Germ Plasm Bank 
CIMMYT maintains a germ plasm bank for maize seed  the largest maize 

collection in the world - from which breeders may request samples of seed 
carrying particular genetic characteristics. For example, a breeder in Argentina 
seeking genetic resistance to a pest called fall arm), worm request seedcan 
samples for all bank entries which CIMMYT believes will provide this charac
teristic. The maize bank contains about 11,000 entries for the maize species 
and its close relatives. In 1973 the bank made forty-four seed shipments to 
breeders in nineteen countries. 

CIMMYT's wheat staff does not maintain a world collection for bread 
wheat, durum wheat, and barley, but only working collections. Therefore, 
CIMMYT sometimes refers wheat requests to the USDA, which maintains a 
world collection of small grain germ plasm. 

In-Service Training in Mexico 
From 1966, when CIMMYT began, through 1974, 500 young scientists 

from developing countries have come to CIMMYT for practical experience in 
research and production. Courses last six to nine months and include one 
complete cycle of crop research plus some lectures in basic agricultural sci
ences. No degree is awarded. CIMMYT now receives about 100 fellows a year 
- of whom a small percentage are women - for this type of training. 

The fellows who come from research services participate at CIMMYT in 
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data analysis and in all research activities from planting to harvest. Those 
employed as production agronomists receive some research experience at 
CIMMYT but also help to lay out field trials on private farmers' land. This is 
an activity which the agronomist will be expected to perform upon returning 
home. 

All CIMMYT training courses stress "learning by doing," "dirty hands," 
and the discipline of working under heat, humidity, heavy rains, and long
hours. We do not know how to teach motivation, but we find that many
training fellows leave Mexico with a new drive. 

Visiting Scientists in Mexico 

A program for visiting scientists and administrators brings over 100 per
sons each year from developing countries to CIMMYT. This activity reaches a 
different age group and serves a different purpose than does the in-service 
training program. 

In developing the visiting scientist program, CIMMYT reasoned that, if it 
gives in-service training to a group of young scientists from a country like 
Tanzania, it is useful for the research director of that country to spend one 
or two months at CIMMYT during a harvest season observing how research 
decisions are made. Moreover, CIMMYT felt that such a country's vice minis
ter or minister of agriculture could spend a profitable week at the institute. 

Several benefits can be observed after these visitors home. First,return 

those who 
 are practicing scientists make greater use of international germ
plasm and become key members of the international network which grows
the international nurseries. Second, the visitors give active support to the 
CIMMYT training programs, nominating the best candidates, helping to ar
range study leaves, and showing interest in the work of the trainees after they 
return to their posts. Finally, administrators among the visitors take an active 
role in the food production problems of their countries. 

Doctoral Fellows in Mexico 
Candidates for doctoral degrees at North American or European universities 

come to CIMMYT for twelve to eighteen months to do their thesis research 
under supervision of CIMMYT scientists and then return to their universities 
to qualify for the degree. Under another option, postdoctoral fellows are in
vited by CIMMYT to serve two years as junior members of the CIMMYT 
staff. 

Since 1966, seventeen predoctoral and twenty-five postdoctoral fellows 
have received grants to spend one or two years in Mexico. Of these, twenty
two have completed their work and - without exception - each is now em
ployed in crops research work, either by his own government or by one of the 
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international centers. There were twenty fellows holding pre or postdoctoral 
grants in 1974. 

Assistance with Economic Studies 
CIMMYT established an economics program in 1971, and these services to

developing countries are still evolving.
We believe that CIMMYT can best conduct its economics work through in

digenous social scientists in national programs, helping them gather betterfarm and market data, which is needed by local policy officials and local 
biological researchers. 

In 1974 CIMMYT was working with twelve countries in Asia, Africa, and 
Latin America on three types of problems.

1. What characteristics of farms, farmers, and agricultural policy have influenced the adoption of new technology for maize and wheat? Eight studies,
covering the following crops and countries, were completed in early 1975:Wheat - India, Iran, Turkey, and Tunisia; maize - Colombia, El Salvador,Mexico (Plan Puebla), and Kenya. Most of these individual studies will resultin a Ph.D. thesis by an indigenous researcher, reflecting CIMMYT's concern 
for augmenting national capacity to do micro-research.

2. What information is needed by policy makers to promote new tech
nology, and how can these data be assembled? On this topic as well, CIMMYT
is collaborating wit'. indigenous researchers. 

3. How can economists and agronomists better work together in national
programs? This research is motivated by the question: what is the minimum 
amount of information necessary to make useful recommendations to farmers,

given that researchers have better control 
over the crop's environment than
do farmers and assuming that farmers are risk-averting income seekers.
 

The economics staff also works with 
 doctoral fellows from developing
countries who do their thesis research in agricultural economics at CIMMYT.

Each thesis topic is focused on a theme of interest to CIMMYT. 

Beyond this the economists are collaborating with CIMMYT plant physiologists in identifying agroclimatic regions of the world, structured in terms
that are significant for maize and wheat research. This information, coupled
with socioeconomic data, will help define research priorities at CIMMYT 
geared to the needs of the producing countries. 

Assistance in Laboratory Management 
Two of CIMMYT's laboratories in Mexico - for protein analysis and wheatindustrial quality- have assisted a number of developing countries in setting 

up similar laboratories. 
These CIMMYT laboratories have trained more than twenty technicians 
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from national programs during 1972-74. They have also produced "cook
book" bulletins on laboratory procedures for use in developing countries. 

With funds made available by the UNDP and others, CIMMYT has assisted 
in the purchase of equipment and the establishment of protein-quality labora
tories in twelve countries (Algeria, Colombia, Egypt, El Salvador, India, Mex
ico, Nepal, Pakistan, Peru, Philippines, Thailand, and Tunisia). 

As the problem of protein deficiency in national food supply becomes 
more acute, CIMMYT's assistance for protein laboratories is expected to rise. 
The demand is immediate for those countries introducing high lysine maize; 
these must maintain constant surveillance over the amino acid content of the 
experimental maize varieties. 

Assistance for Research Station Management 
The manager of the eight experiment stations used by CIMMYT in Mexico 

-Mr. John Stewart -consulted with six countries on experiment station 
management in 1973-74. These countries were Algeria, Nepal, Pakistan, 
Tanzania, Turkey, and Zaire. 

Another six countries have sent experiment station managers to Mexico 
for training under Mr. Stewart at the CIMMYT stations: Brazil, Bolivia, Egypt, 
El Salvador, Ivory Coast, and Nigeria. 

During a staff review of CIMMYT programs in 1974, the maize and wheat 
staffs said that the consulting work by Mr. Stewart, outside Mexico, had 
made the difference between research data which were useless and data which 
were highly significant. The changes were brought about by land leveling, 
fencing, better and more timely seedbed preparation, more accurate fertilizer 
placement, more timely plant protection, and better maintenance of equip
ment. 

International Symposia 
During 1971-74 CIMMYT held six international symposia in Mexico, bring

ing together a part of the world network of scientists on wheat or maize 
with a group of scientists from advanced countries, to review past research 
and make future plans. Most symposia last five days. About half the partici
pants are from developing countries. 

A record of proceedings for each symposium becomes a major publication 
for distribution to the network of scientists. In addition, tile presence of so 
many visitors at CIMMYT leads to side meetings at which scientists from de
veloping countries are able to negotiate for financial grants with donors, select 
germ plasm from CIMMYT's research fields, interview their trainees, or hold 
group meetings for neighboring countries of Southeast Asia, tropical Africa, 
and so on. 
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Table 13-2. CIMMYT Bilateral Assistance to National Programs in 1974 
(Financed by Special Grants) 

1974 Bud-

Country Croph 

Number of 
CIMMYT 

Staff 1974 Donor 
Starting 

Year 

get through 
CIMMYT 
(rounded) 

Algeria-Tu-
nisiaa 

Wheat 8 Ford and Rocke-
feller foundations, 

1968 $480,000 

Argentina 
Egypt 
Lebanon 
Nepal 
Pakistan 
Tanzania 

Maize, wheat 
Maize 
Wheat 
Maize 
Maize, wheat 
Maize 

0 
I 
2 
I 
3 
2 

USAID 
Ford Foundation 
Ford Foundation 
Ford Foundation 
USAID 
Ford Foundation 
Ford Foundation, 

1968 
1968 
1973 
1972 
1965 
1973 

8,000 
40,000 
60,000 
60,000 

155,0()0 
46,000 

Turkey Wheat 2 
USAID 
Rockefeller Foun- 1970 118,000 

Zaire Maize 4 
dation 
Government of 1972 280,000 
Zaire 

Total 23 $1,247,000 
a Combined grant.

b Wheat assistance includes bread wheat, durum wheat, barley, and triticale.
 

Publications by CIMMYT 

CIMMYT publishes an annual report, ascientific newsletter, and technical 
bulletins in three languages: English, Spanish, and French. The mailing list for 
English totals 4,000, that for Spanish 4,000, and that for French 1,000. 

For each publication and each language there is an inner core of significant
readers, made up of scientific collaborators, donors, and staff members of 
other international centers. This core is no larger than 1,000 people. The 
balance of each mailing list is made up of libraries, universities, government
agencies, and requesting individuals and institutions, over half of them in 
countries where CIMMYT collaborates with maize and wheat programs. 

The French language distribution goes largely to nineteen former French 
or Belgian countries in Africa. 

Outreach by CIMMYT Staff Posted outside Mexico 
Since 1966 CIMMYT has posted agrowing number of staff in national pro

grams to assist their national research and production activities. In 1974 there 
were twenty-three CIMMYT staff on residential assignment. The bilateral 
assistance projects are summarized in Table 13-2. 

Before being posted abroad, most of this staff served as scientists in 
CIMMYT headquarters or held postdoctoral fellowships in Mixico. 
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The majority of CIMMYT's bilateral projects were initiated by donors who 

were seeking technical leadership for agricultural assistance which they were 

prepared to finance. In a few instances, CIMMYT initiated conversations 

directly with the host government and then solicited donor funds. 

a number of activities which differBilateral assistance projects involve 

from the work of CIMMYT headquarters. Such activities are the following: 

1. Research on farming systems for wheat in Algeria and Tunisia, including 

as part of the wheat rotationthe introduction of medicago (forage legumes) 

and the use of biennial fallow in North Africa. 
in Turkey. (Mexico lacks the necessary cli2. Selection of winter wheat 

mate.) 
3. Breeding and selection for diseases and insects not prevalent in Mexico. 

4. Agronomic testing of maize-legume rotation in eastern Zaire, where 

chemical fertilizer has always been in low supply. 
to each national5. Developing agronomic packages of practices adapted 


program and formulating local recommendations to farmers.
 

6. Training local staff within national programs, especially production 

agronomists. 
itself benefits from the bilateral projects. Among the hundredsCIMMYT 

of international nursery trials, those grown by CIMMY'T staff in the countries 

listed in Table 13-2 are considered to produce more reliable data than the 

average; hence they serve as checks in reviewing the total returns. 

CIMMYT also has its staff from bilateral projects attend each symposium 

at CIMMYT. The contribution of these scientists is especially useful because 

they are fully trained in CIMMYT methods, and they observe CIMMYT 

breeding materials under different environments. 

CIMMYT outreach staff residing in countries where projects are under way 

are able to provide more continuous advice, based on fuller knowledge of the 

local situation, than are the consultants traveling from Mexico. In addition, 

CIMMYT outreach staff help select candidates for training in Mexico. 

Collaborative Research in Association with National Programs 

"Collaborative research" is a new activity in CIMMYT's core budget for 

1975. cIMMYr and other international centers have found that a part of 

their assigned responsibility cannot be carried out at headquarters because the 

local environment does not provide the needed range of temperatures, mois

ture conditions, problem soils, or disease and insect conditions which affect 

the world crop. Therefore, some "core" research must be conducted abroad. 

For example, the Potato Center (CIP) has found it cannot study late blight 

of the potato in Peru and has made arrangements for such research at the 

CIMMYT station near Toluca, Mexico, although it is charged to the CIP bud
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get in Peru. Similarly, IRRI has found it cannot experiment with deep-water 
rice in the Philippines, and it has arranged that such research be carried out in 
association with the Thai national rice program. Again, this is charged to tile 
core budget in the Philippines and not considered as a service to Thailand. 

CIMMYT has initiated two projects in "collaborative research" in 1975, 
one for the surveillance of wind-borne diseases of wheat-barley in the Mediter
ranean-Near East region and the other for the special testing of CIMMYT 
maize materials, in several areas of the world, for resistance to three diseases 
of maize not prevalent in Mexico. These diseases are maize downy mildew 
in Southeast Asia, maize streak virus in tropical Africa, and corn stunt virus in 
Central America. 

One additional proposal for collaborative research, now under negotiation, 
is a summer season wheat nursery in cooperation with the Kenyan govern
ment at Njoro Station. A summer nursery could test CIMMYT experimental
lines under the disease pathogens of the East African highlands together with 
some nursery materials from national programs in the Mediterranean region. 
This would help guide the breeding of CIMMYT and the national programs.
CIMMYT st,-ff posted in East Africa would also consult with wheat-growing 
countries in that area. 

We anticipate that such activities will expand gradually over a five-year 
period to a magnitude of possibly $500 thousand a year. All will be conduct
ed outside Mexico, generally in association with a strong national program. 

Regional Programs for Groups of Producing Countries 
During the remainder of tile 1970s CIMMYT proposes to increase gradual

ly its activities with national programs by stationing a few CIMMYT staff 
members in major producing regions to supplement tile activities now coil
ducted from Mexico. This expansion would be tile most important change in 
the CIMMYT outreach program in this decade. 

We have in mind six producing regions for maize and four regions for 
wheat, where staff may be stationed. Discussions have already begun with 
both governments and donors for the regions listed in Table 13-3. 

No two of these regions arc alike in population, internal transportation, 
quality of agricultural services, or production problems for wheat and maize. 
Nevertheless, CIMMYT calculates that, on average, two CIMMYT staff mem
bers placed in each of these regions (a total staff of twenty) could significant
ly help in the following activities: (1) serve as regional consultants to national 
programs; (2) maintain surveillance for wind-borne diseases in the region; (3)
organize training within the region for national programs; (4) circulate nur
series composed of germ plasm gathered within the region and exotic mate
rials; (5) organize regional workshops; (6) administer a travel fund for sci
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Table 13-3. Maize- and Wheat-Producing Regions Which CIMMYT Believes 
Will Need Additional Outreach Staff and Services in the 1970s 

Number of Present Production a 

Region Countries (in tons) 

Maize 

South and Southeast Asia ......... .12 15,400,000 
Tropical East Africa ............ . 14 6,400,000 
Tropical West Africa ............ . 14 3,000,000 
Central America and Caribbean 

(excluding Mexico) ........... . 9 2,300,000 
Andean zone and tropical Brazil ..... .6 7,400,000 
Brazil ........................ 6 20,000,000 

Wheat 

Mediterranean and Near East ....... .15 23,900,000 
East Africa .................. .. 5 1,230,000 
Andean region ................ .. 5 337,V00 
Southern cone of South America ..... .5 9,500,J0O 

a1973 figures. 

entists in national programs to visit outstanding research in the region; and 

(7) circulate a regional newsletter. 
Each regional program would go through three steps of approval before it 

began: first, CIMMYT would discuss with producing countries in each region 
the kinds of service required; second, CIMMYT trustees would be asked to ap

prove the program; and third, financial support would be sought from a 
donor. 

Problems and Issues in CIMM YT Outreach 

Like all organizations that have experienced rapid expansion, CIMMYT en

counters problems for which answers are still evolving. Several of these prob
lems will be described below. 

Regional and National Training for Production Agronomists 

Centers with leadership responsibilities for one crop - for example, wheat 
at CIMMYT or rice at IRRI -have found it possible to provide the in-service 
training required for breeders, laboratory technicians, experiment station 
managers, and economists from national programs. The number of candidates 
in these fields is manageable. 

But training for production agronomists (extension workers) involves 
hundreds of candidates in most countries and thousands in the larger pro
grams such as those for India, Pakistan, Egypt, and the Philippines. Clearly 
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such training can best be organized within producing regions, or preferablywithin national programs, with some outside assistance provided by international centers. The cost factor alone would argue that this training be done athome, and the existence of various farming systems and various language
problems also favors localization of training for agronomists.

Some experience is accumulating for regional and in-country training, butno reproducible system has yet been developed and the volume of training isstill far from adequate. Some exploratory experiences are described in the 
paragraphs below. 

1. When IRRI helped national programs introduce the first semidwarf ricevarieties in the mid 1960s, IRRI organized training for extension workers
within national programs on a three-step basis: first, IRRI brought to thePhilippines a few extension leaders who would serve as trainers in a national 
program and gave them a course in rice production and in training methods;second, some IRRI training btaff moved to the country where the trainingcourse was to be given and spent several months with the local staff developing the syllabus for the course and the demonstration crops; third, the localtrainers and IRRI trainers jointly supervised the first course within the national program. The IRRI staff then withdrew, and further courses were 
wholly the responsibility of the local trainers. 

This system was repeated in a number of national programs, generally justbefore the planting season for the crop.
2. The Rockefeller Foundation established regional training centers forwheat in Turkey and maize in Thailand, headed by Rockefeller scientists but
also using trainers from within 
 the host country. A considerable volume of
training has been accomplished, especially by the Thailand center.

3. The Ford Foundation has financed a regional training program for a
number of crops through the Arid Lands Agricultural Development Center
(ALAD) at Beirut. One advantage of regional 
 training, particularly for theMediterranean region, has been that courses can be offered in the English,

Arabic, or French languages for different groups of trainees.
4. Various bilateral assistance programs such as the United Kingdom'sMinistry of Overseas Development (ODM), the Swedish International Development Agency (SIDA), Canada's International l)evelopment Research Centre(IDRC), and USAID have financed training programs for extension workers

of various crops within national programs of the Mediterranean-Near East 
region. 

5.CIAT has "trained the trainers" for several national programs of maize,rice, cassava, and beef in South America, then sent CIAT trainers to assist thelocal trainers in conducting the first in-countr,, course. Such a course was co
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sponsored by the government of Ecuador and CIAT in late 1974 for the low
land agricultural area featuring rice, maize, beans, swine, and beef (all crops 
and animals for which CIAT holds responsibility). 

The government of Ecuador has asked CIMMYT and CIP to repeat the 
same procedure for its highland crops, which include maize, wheat, barley, 
and potatoes. "Training the trainers" for this course has been completed at 
CIMMYT. 

6. A totally different approach isrepresented by aPhilippine-CIMMYT ex
periment in 1974. A top training officer for maize in the Philippines has 
spent a half year serving as the assistant maize training officei at CIMMYT. 
He has now returned home, carrying the CIMMYT work experience, but he 
gave us as much as he received. 

Other formulas whereby the international centers can help organize more 
training for extension workers, in-country and in-region, will no doubt evolve. 

The need isnot yet adequately filled. That is a major reason why CIMMYT 
is proposing the assignment of trainer-agronomists to six maize-producing 
regions and four wheat-producing regions of the world. 

Establishing Priorities: Need for Data 

The international centers operated in the 1960s like horse-and-buggy doc
tors- diagnosing all problems with general information and common sense, 
and with surprising success. 

Now, after the world crises in food, fertilizer, and energy have gained wide 
recognition; after more finances have been assigned to centers; after more na
tional production programs have been organized - there is need for more 
quantitative information in making plans. 

"Eyeballing" was afavorite term in the 1960s used to describe the methods 
for selecting new lines of breeding materials for crop improvement. Now 
more sophisticated methods of the statistician and the protein laboratory are 
supplementing the eyeball. 

Our knowledge about national programs, their climates, and their govern
ments was also relatively simple in the 1960s. "We worked on the problems 
that any cow could see from the side of the road" was a common expression. 
And at that stage of world cereal improvement the problems given the highest 
priority were also the most obvious. 

Now, as the centers reach beyond the conspicuous problems and focus at
tention on constraints which were considered secondary ten years ago, more 
detailed information is needed about producing countries. However, the in
formation needed for planning is not necessarily the same information which 
has traditionally been gathered and published by the FAO, the IBRD, and the 
USDA. 
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CIMMYT has begun, through the travel of its staff, to gather some of this
information directly from national programs, and answers can be speeded by
assigning postdoctoral fellows to some of this work. 

We need information about cereal consumption: How many people eat
bread wheat, durum, barley, or maize? What isthe size of the demand for the
different kernel types (flint, dent, floury) and colors of maize, and the differ
ent gluten strengths and colors of wheat? How large and populous are the 
areas where the total intake of protein is deficient and which could profit
from hi-lysine maize and barley? What proportion of the LDC barley crop is 
used for human food, animal feed, and malting?

We also need a range of information about the extent not only of various
climatic zones but of cropping areas affected by diseases and insects. Similar
ly, more information is needed on the extent and frequency of drought and 
on problem soils. 

Answers to all these questions will become steadily more important in 
CIMMYT's program planning. 

Problems in Management in National Programs 
Deficiencies in management of national programs, especially in research 

management, constitute a frequent obstacle to improved food production.
These management problems are common to all crops and all services, not
 
just to wheat and maize.
 

Scores of crop scientists in developing countries, many with Ph.Ds, have
left their home governments to join FAO or other international organiza
tions. Their complaints against their home research service include low sala
ries, staff promotion on a political rather than a merit basis, lack of budget
support from policy makers, corruption, and many other grievances.

Beyond staff losses other shortcomings in research management widely ob
served by CIMMYT consultants include the following:

1.Research managers try to handle too man), crops and too many' plant
materials for each crop, resulting in unreliable data. 

2. Research managers fail to test experimental plant materials off the sta
tion on private farmers' land, which would give a better understanding of
what is impeding the farmers' yields and thus better guidance to research 
planning. 

3. Research managers fail to identify elite plant materials at an early stage
and to move these materials expeditiously into seed increase and varietal re
lease for national use. 

4. Research managers fail to arrange that the research organization per
form a continuing training function for the extension service, by annual 
workshops at the research station, preceding each crop planting time. 
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5. Research managers fail to issue an annual report which is timely and ob
jective, describing the status of national production each year and the con
straints which are researchable, and discussing the relationship between the 
research service, extension service, seed increase agency, credit service, and 
other inputs needed to bring about higher yields. 

Successful remedies to these management defects have been few, and the 
experience to date with international assistance for management has set no 
reproducible pattern. 

Some countries with large food production programs like India, Pakistan, 
and Turkey appointed commissions to review the management of research in 
the 1960s. The success of such commissions has varied with the willingness of 
the Ministry of Agriculture to endorse the findings and support the director 
of research in making changes. 

In 1973 the IBRD financed a mission to review the national research pro
grams of Spain. This mission included a number of foreign consultants, in
cluding staff from two of the international centers. An earlier IBRD mission 
on agricultural education in the Philippines obtained a substantial improve
ment in the salary scale for those employed in agricultural research. 

CIMMY'i staff are often asked to comment on management problems in 
agricultural research and on the relationships between agricultural services in 
a national program. We have made no careful review of the actions taken after 
such consultation. 

To date there has been no organized effort by the international centers to 
arrive at a judgment on the management problems in national programs, to 
list available consultants who could advise on management problems, or to 
incorporate a management component into the research training provided by 
the international centers. 
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Impact of International Research
 
on the Performance and Objectives
 
of National Systems
 

Sterling Wortnan 

The impact of international research on national systems may occur in a 
dozen or more ways, some direct and others indirect. 

If we are interested - as we must be - in the impact of research on entire 
national agricultural systems, and hence on national agricultural productivity, 
we must also recognize that any effects of international research are con
founded with those of many other technological, economic, and social fac
tors. What portion of the overall effect is the result of research thus becomes 
a matter of judgment rather than measurement. And such judgments, to be 
valid, ought to be made by authorities of national systems who know first
hand the effects of research on their efforts. But, judgments by what authori
ties of what nations? 

There are over 125 national agricultural systems: some are large and some 
small; some are centrally planned and others not; some are well supplied with 
trained people but most have few specialists; some operate with sizable or 
even liberal budgets but most have meager funds and facilities; some have a 
long tradition of distinguished agricultural research while others are just get
ting organized; and, finally, :,me belong to countries in which yields have 
been steadily advancing while others function where stagnation is character
istic. Assessing the impact of international research on such a complex of na
tional systems, even if that assessment were made by a sizable panel of na
tional authorities representative of these diverse interests, calls for consider
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able humility. Moreover, since the international system is so new (many pro
grams are only two to five years old) and a lag of several years is to be expect
ed in the application of research results, any current assessments must be ac
cepted as tentative at best, with large error terms built in. 

It is possible, however, to recall the ways in which the international re
search system was intended to affect national systems and even to describe in 
a general way what impact there appears to have been. Before proceeding to 
do this, it will be useful to consider definitions of some of the terms used in 
this chapter. 

Definitions 

By "national system" is meant the entire apparatus - public and private, from 
national governing bodies to the smallest farmer - which must be involved in 
the process of agricultural change. Included is the "national agricultural re
search system'" with all its components, from the analyses involved in setting 
production and other goals (planning offices), through central and regional 
experiment stations aInd experimental programs of colleges or schools of agri
culture, to on-farm experimentation. 

,:vcn the phrase "agricultural research" deserves definition. As used here it 
means the systematic effort to develop new ways to change agricultural pro
ductivity, or efficiency, at any level. Importantly, it includes the greatly un
derappreciated level of on-farm cxperimentation -assistancc to individual 
farmers in idcntifying superior crop or animal production systems - a level of 
research which for too long has been miscategorized as "extension." It in
cludes studies of ways to improve national planning and to identify rational 
agricultural goals, as well as the conventional field and laboratory work of ex
perinieit stations and colleges. 

"International research" is here used to describe the total world experi
mental effort including that of (a) universities and agencies of developed na
tions, (b) international institutes and agencies, and (c) institutions of develop
ing countries. From the standpoint of an), particular nation, "international" 
research is all that is done elsewhere, plus the activities of any international 
organizations within its borders. 

InternationalInstitutes 

A substantial number of large and small, public and private efforts combine 
to affect in widely varying degrees the performance and objectives of national 
systems. As it is quite impossible in one chapter to examine the impact of 
such efforts, I shall limit my discussion to the impact of that relative new
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comer to the scene of international research: the autonomous, international 
agricultural research institute. 

Research undertaken by the private but international institutes requires
the special type of funding provided by the Consultative Group for Interna
tional Agricultural Research. And, several unique characteristics distinguish 
research as it is conducted at the institutes: I 

1. It addresses those complex problems that require long-term attention by
teams of scientists backed by expensive facilities and that are not or cannot 
be handled quickly and effectively by other institutions. 

2. It serves to fill important voids in international research and contributes 
to the development of a cohesive, collaborative world effort; hence, work at 
the centers gets its impetus and orientation in large part from others whose 
work it complements or backstops. 

3. It provides opportunities for training at several levels of sophistication
for the staff of national programs or from other institutions in the world 
system. 

Confounding of Affects 
Any impact on national systems by research at the international institutes 
is - and should be - confounded with contributions of research efforts else
where, since the institutes are simply hubs in an international network of 
cooperative, collaborative activity. Much of the centers' success depends upon
the great array of advances made over past decades, upon the scientific and 
scholarly capital available to the centers in the form of advanced biological 
materials, equipment, or chemicals, and upon their store of knowledge and 
understanding as embodied in their staff and consultants or as given expres
sion in their publications. 

Success of the program of any international center is enhanced by the con
tinuing flow into that center of the results of advances anywhere in the 
world. Indeed, one measure of success of a center is the degree to which it 
facilitates active exchange among nations of information and materials. The 
stronger the world effort a center helps to generate, the more successful we 
may judge that center to be. 

The International"Network" 
Probably the need for an international network, or world system, of agricul
tural research has been recognized and expressed many times in the past.
Those working at the International Rice Research Institute in the early 1960s 
certainly had in mind the creation of an international rice research network; 
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in fact, the institute staff realized at the outset that i:s mandate - to increase 
national average rice yields and total production in Asia-would require the 
combined efforts of individuals and institutions of many countries. Without 
such a major cooperative effort - without the increase in yields and total pro
duction - the institute would be judged a failure. It was as simple as that. 

Creation of a similar network had begun even earlier for spring-type bread 
wheats. The Oficina de Estudios Especiales of Mexico's Ministry of Agricul
ture, manned jointly by Mexican and Rockefeller Foundation scientists, was 
at work on this in the late 1940s, when young technicians and scientists of 
other countries were brought to Mexico for training, and a system of interna
tional cooperative field trials was organized. At about the same time similar 
efforts were initiated with maize, and in 1954 the Central American Coopera
tive Corn Program was launched, with agencies of all nations of Central 
America and Panama participating. 

There were earl, international efforts with some crops sponsored by FAO 
through FAO-Ronie and the International Rice Commission, by USDA, and 
probably by others. 

By 1969, the need for a comprehensive international research network had 
been recognized by the Rockefeller Foundation, and the concept was present
ed to the heads of the world's assistance agencies at an April 1969 meeting in 
Italy (now referred to as "Bellagio I" in agricultural circles): 

Action Recommended 

Acceleration of world agricultural output can be fostered by the forma
tion of a worldwide, interlocking complex of national and international 
scientific institutions, programs, and projects designed to produce sci
entific information, materials, and manpower required to intensify agri
cultural production wherever needed. Provision must be made for im
mediate attention to all areas where agricultural productivity is still low 
and static and where man:land ratios are most unfavorable, and to con
trol of many internationally serious diseases and pests. The underex
ploited tropics and certain arid areas can and should be brought into 
use as required. 

Development of such a network of institutions and activities will re
quire that national and international efforts be cooperative and coordi
nated to the extent possible. Toward this end, increased and periodic
dialogue among appropriate leaders should be established, to identify 
neglected, high-priority needs and to foster cooperation wherever indi

2
cated. 

The foundation's paper went on to list and discuss --me of the necessary 
components of an international network, including (a) international centers 
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(such as IRRI, CIMMYT, IITA, CIAT), (b) regional research centers, (c) inter
national programs and projects, (d) national research, training, and produc
tion systems, (e) colleges of agriculture, and (f) centers of specialization in de
veloped nations. 

In a summary statement in the above-mentioned proceedings, prepared by
the late Dr. W. M. Myers, the participants recognized the need for support of 
an international "hierarchy of institutions" and for mobilization of large 
sums of money for investment in high-technology agriculture.

The elaboration of such asystem, with favorable impact on yields, quality,
and total production of major food crops and animal species in the develop
ing countries, is the central concern of the Consultative Group for Interna
tional Agricultural Research.3 An impressive beginning has been made. 

IfI'ects and Interactions 

The newly developing international research effort has had a multiplicity of 
effects on national agricultural systems, on national research programs, on 
production of certain crops in sonic regions of the world, and on foundations, 
national assistance agencies, and international institutions. As we have already
noted, there is a high degree of interdependence (the confounding effect men
tioned earlier) among these varied organizations, and the fact that they are 
discussed separately below should not cause us to lose sight of that. Perhaps a 
few examples of the simpler interactions will be helpful. First, tileclear
 
demonstration that new opportunities exist to raise yields and the profitabil
ity of farming 
can cause agencies to invest in new initiatives. Similarly, the
 
decisions of national authorities to push the production of particular crops
 
or animals in particular regions influence the orientation of research. 

Second, experimental evidence that large numbers of small farmers can be 
benefited through promotion of high-yielding cropping systems probably has 
had an impact on international agencies such as the World Bank. Surely tile 
World Bank's decision to promote increased productivity of small farms will 
affect research and production efforts of many nations and most internation
al centers. 

Third, success or lack of success of national production programs utilizing
technology developed locally or internationally will in turn have an effect on 
the orientation of efforts at international centers. 

Fourth, breakthroughs at centers of specialization, including universities, 
can have far-reaching consequences. For example, the identification at Purdue 
of the opaque-2 gene effects in corn and Purdue's discovery of lines of sor
ghum with high nutritive value are having an obvious impact on tile research 
programs at CIMMYT and ICRISAT, as well as on national programs. 



328 WORTMAN 

Fifth, determinations of the payoff from investment in agricultural re
search and of the factors which influence such payoff will surely have an ef
fect oil investment attitudes of international banks and assistance agencies 
and, it is hoped, on the leaders who must make national decisions regarding 
investment in agriculture. 

There are many other interactions which might be mentioned, but the 
foregoing may suffice to demonstrate that interdependencies exist. Studies 
of factors conditioning the effectiveness of agricultural research can, if con
structive, lead to improvements in such research efforts. 

Impact on NationalSystems 

In their studies of the impact of international research on the performance 
anti objectives of national systems, some investigators have attempted to 
identify specific causes and effects as well as potential improvements in the 
direction or operation of the systems. Almost invariably, such studies require 
not only narrowing of the issues and the employment of assumptions which 
may or may not be correct but also the exclusion of some considerations 
which are so elusive that they cannot be adequately considered. Let me men
tion a fev of these elusive problems. 

First, a substantial number of leaders from the developing nations serve on 
the boards of the international institutes, on the Technical Advisor), Commit
tee of the Consultative Group, or as representatives to the Consultative Group. 
Others are oil boards or advisory committees of international banks or inter
national or national assistance agencies. In such roles they participate in a 
continuing debate on approaches to the development of agriculture and be
come acquainted with advances in materials or techniques as they occur. Un

doubtedly this experience has an impact on the performance and objectives 
of these leaders' respective national research systems, but how does one mea
sure such impact? 

Second, through participation in the various Bellagio conferences which 
led to the formation of the Consultative Group, through service on the 
boards of institutes, and through their interactions with leaders of developing 
countries, the heads of assistance agencies have become increasingly knowl

edgeable, and some have made major changes in their approaches to lending 
and/or to providing technical assistance to developing nations. These changes 
can have an impact on the nations themselves. But it is impossible to quantify 
the magnitude and effect of such changes, and consequently it is difficult to 
attribute them to any set of institutions. 

Third, the construction of modern agricultural research centers in Africa, 
Asia, and Latin America has drawn the attention of national political leaders, 



329 
IMPACT OF INTERNATIONAL RESEARCH ON NATIONAL SYSTEMS 

of both developed and developing countries, to the importance of agricultural
research. That such installations were placed in the developing countries cer
tainly has demonstrated in a dramatic way that many of the biological com
ponents of agricultural production systems must be developed in and tailored 
to the ecological and economic requirements of the regions where they are to
be utilized. An impressive number of heads of state and ministers of the de
veloping countries have been drawn to these modern centers. That this has 
had an effect on the quality of facilities provided in some nations, for both 
research agencies and universities, is without doubt. To trace such effects 
would be difficult; to suggest probable causes would be risky at best. 

Fourth, we have witnessed the strengthening of national agricultural insti
tutions, the initiation of production campaigns, the implementation of deci
sions to work with small farmers, and the reorientation of activities of uni
versities and national agencies. But the degree to which such decisions have 
been affected by the international research system is and probably will re
main unknown. 

Fifth, during the past several years, the Ford Foundation has greatly in
creased its intellectual and financial involvement in agricultural research. The 
International Development Research Centre of Canada has been formed and 
has become an important source of research support and innovation. These 
and other organizations with a longer history of involvement, such as FAO,
USAID, the United Kingdom's ODM (Ministry of Overseas Development),
France's ORSTOM (Office de la Recherche Scientifique et Technique d'Outre-
Mer) and IRAT (Institut de Recherches Agronomiques Tropicales et des Cul
tures Vivrires) and the ADC, have participated in agrowing international ef
fort to improve understanding of systems, to add to the knowledge base, and 
to foster the exchange of information among interested individuals and insti
tutions. It all adds up to a growing world capability, with important but im
measurable effects on national programs.

Given these and other influences of unknown magnitude on national pro
grams, we can only point out - we cannot measure - some of the probably
important ways in which the international research system has had an impact 
on the performance and objectives of national efforts. 

Impact on NationalAgriculturalSystems 
Clearly the international research system has drawn attention worldwide to
the importance of agriculture. Some of the earl), successes, notably those 
with wheat and rice which were popularly termed tile "green revolution," at
tracted the interest of national authorities. Visits to the centers by national 
leaders probably created in some the desire to promote scientific agriculture 
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at home, to strengthen national research agencies and universities, and to mar
shal the necessary funds for research and production efforts. 

In the late 1960s, the long-neglected basic food crops (cereal grains, food 
legumes, root crops, vegetables, animal species) began to receive serious con
sideration by many nations. It was recognized that work on these crop and 
animal species would have to be done in the public sector; there simply was 
no way for private companies to realize returns on investments in such activi
ties. Clearly the present focus on production of the basic food crops in the 
developing countries isin part attributable to such an emphasis at the interna
tional institutes. 

There has been a recent trend toward production-oriented, commodity
oriented research and production programs in a number of nations. While not 
replacing discipline-based research, the new trend reflects the more purpose
ful nature of new national activities. 

There has been a growing realization of the need for more sophisticated 
agricultural research efforts at the farm level. 

The institutes offer new sources of training for research and production 
personnel from national institutes. More and more often the much sought
after, high-quality educational programs offered by universities in the United 
States, Europe, and elsewhere are being combined with graduate thesis re
search at international centers or in the developing countries. This has permit
ted graduate students to contribute to the solution of problems of the regions 
in which they live. Specialists or advisers at such universities have become en
gaged in this work on developing nations' problems, and many lasting friend
ships have been formed among institutions and individuals-relationships 
which will be of growing importance. Surely the new forms of training have 
had and will continue to have a major impact on the strength and the orienta
tion of developing countries' institutions. But, again, effects of training would 
be hard to measure. 

Finally, the successes of new production programs, together with the contin
uing need to increase agricultural output, have contributed to the growing will
ingness of some nations to increase their investments in scientific agriculture. 

Apparently there is a growing conviction among national leaders that sci
ence-based agriculture (plus reduction of population growth rates) offers the 
only reasonable hope of meeting food needs and raising the standards of liv
ing of the rural poor; this must to some degree have been stimulated by the 
international research system. 

inpact on National Research Systems 

International research efforts clearly have affected national research systems 
in ways other than the production of useful technology and trained people. 
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Priorities established for the international system by the Technical Advisory 
Committee of the Consultative Group control in a major way the priorities 
of the international institutes and of related programs. Advanced technology 
available through the institutes and through the types of training they offer 
in turn affects the priorities of national organizations. 

The production orientation of much of the international research effort, 
including its emphasis on commodity-oriented research, evidently is gaining 
acceptance as a logical approach by increasing numbers of nations. 

The interdisciplinary team approach to problem solving is spreading. The 
larger nations can and must undergird their production-oriented research cf
forts with more basic investigations. The greater number of the smaller na
tions, however, cannot expect to organize truly comprehensive scientific ef
forts right now. In the immediate future, the in-depth, interdisciplinary re
search at the international centers will serve as the more basic research effort 
for these nations, allowing them to concentrate their limited human and finan
cial resources, as they should, on the tailoring of technology to their own 
needs and in getting it applied at the farm level. At the same time, we must 
note a growing sophistication of the agricultural research effort of some na
tions, which undoubtedly is due to the influence of the international coopera
tive acti~ities. 

New standards of performance are being set. Everywhere there is growing 
dissatisfaction with the low and static yields so generally being obtained, and 
scientists are being pressed to do something to raise these yields; this is an is
sue that no longer is easy to duck. Scientists now freely discuss and compare 
yields per hectare per crop, per hectare per year, and per hectare pereven 
day. The new higher yields are being demanded by people outside the sci
entific fraternity, and this is a healthy development. 

Research programs arc being speeded up -more problems solved, more 
new materials produced. Two or sometimes three experimental crop genera
tions are grown per year. 

More frequent opportunities now exist for national scientists to meet with 
colleagues from other institutions in their home countries, from institutions 
in other countries, or from international institutes. This helps to prevent the 
repetition of experimental work already accomplished elsewhere. Through in
ternational conferences innovation is fostered. It is likely that such oppor
tunities for exchange of ideas and information will help to attract and hold 
competent national researchers on the job. 

International cooperative experiments and field tests draw the community 
of scientists together, allowing them to base conclusions on much more sub
stantial experimentation than would otherwise be possible. By testing new 
materials and techniques over many locations in a single year, the time re
quired to generate necessary data is shortened. For these and other reasons, 
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one can sense a dramatic acceleration in the world drive toward an improved 
science-based agriculture. 

The international institutes have introduced an element of stability into 
the world research effort. None of the major assistance agencies, with the pos
sible exception of the World Bank, could arrange with any degree of certainty 
for the long-term maintenance of an international center. But multilateral 
support of such efforts provides reasonable security for such operations. The 
presence of substantial numbers of career scientists at the international insti
tutes ensures that continuing contributions to the world knowledge-base will 
be centrally preserved, not lost as so often occurs when research efforts are 
of short duration and participants scatter. Even when national research opera
tions are disrupted for political or other reasons, momentum can be regained 
more easily if the national agencies have been cooperating with an interna
tional center. One reported example of this was the resumption of activity of 
the Bangladesh Rice Research Institute following the civil war. The fact that 
IRRI had been involved, along with others, allowed BRRI to pick up its pro
gram and move ahead when conditions again permitted it. Stability isan im
portant factor in the world effort, but how does one measure its impact? 

Impact on National Production 

Clearly the international research effort has had a positive impact on national 
food production. National and international agencies are attempting to mea
sure it. Dalrymple has provided extraordinarily valuable assistance in monitor
ing the spread of high-yielding varieties, 4 and a number of investigators have 
studied the effects of research on levels of production. Indeed, the presence 
at Airlic House of so many capable people reporting on significant work was 
testimony to the growing impact of research. Yet we are all aware of the dif
ficulties of isolating the effects of research on production, given the many 
other factors which obviously are involved. 

Impact on the InternationalCommunity 

There is a growing understanding of the requirements for increased agricul
tural output per unit area per unit of time. That understanding isspreading, 
albeit too slowly, through the staffs of national and international organiza
tions. Gaps in technology are being identified and, rather systematically, 
closed. 

We seem to be moving toward the identification of strategies of national 
agricultural development that are much more likely to succeed than were the 
earlier ones. Moreover, the newly developing acquaintances among individuals 
and institutions have added an element of mobility to world scientific efforts. 
The impact on the developing nations should be favorable. 
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Schultz pointed out several years ago, in his excellent book Transforming
Traditional Agriculture, that the small farmer is a rational economic being,
that he is efficient in the management of scarce resources, and that he will in 
many cases improve his farming practices if it is feasible and profitable for 
him to do so. And now at last interest in the small farmer is gaining momen
tum. 5 In part this is the result of work carried out with some support from
international centers: the Puebla Project in Mexico; IRRI's research program
in central Luzon, which reportedly has contributed to the government's
"Masagana 99" program. The impact of such activities on the decision of the
World Bank to press for small farmer programs isunknown to me. But, out of
the growing debate on the feasibility and desirability of assisting small farm
ers has come the realization that they must become involved. They can con
tribute significantly to increases in needed food output. If improvements in 
their own incomes occur, they can purchase the products of urban industry,
thereby increasing the domestic market for those products. In short, the im
provement of the productivity and incomes of small farmers in most coun
tries should provide new momentum to the economic development of those 
nations. 

Certainly those involved in the international research network have made 
a significant contribution to awareness on an international scale of small
farmer problems and potentials. But the task of measuring the magnitude of 
any such contributions isdifficult, if not impossible. 

MeasuringMagnitude of hnpact 
In the preceding sections I have attempted to identify some of the contribu
tions which have been made by the international research system. 6 

The next logical question is, What has been the magnitude of the impact?
The answer is easy: I don't know. The Airlie House conference did not fully
answer the question, though it surely has moved us closer to a sound judg
ment. 

Many of the probable effects of the international system are elusive (but
not phantom) and are cumulative in their effects, hopefully in a positive
direction. My guess is that the effects of the international system on national 
systems generally will be greatly underestimated, especially in studies in 
which scientific methodology is rigorously and correctly applied. Error will 
occur because of the difficulty of sorting out interdependencies required to 
arrive at net effects. In all likelihood, calculations will be off by several orders
of magnitude. However, this should not discourage us from attempting to 
reach ever better approximations. 

Meanwhile, the elaboration of the international system and of most na
tional systems will continue to be based on judgments. There is no alterna
tive, for decisions must be made. People are hungry, populations are growing, 
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and time for effective action is passing. Fortunately, new mechanisms have 
emerged for arriving at considered judgments, and in the following paragraphs 
a few of these will be mentioned. 

There is a growing number of national authorities, including scientists, 
who have been watching national development long enough to have witnessed 
change and who are aware of major factors causing such change. In 1972 the 
International Rice Research Institute, after ten years of operation, arranged 
for several people to review the impact of the institute and its work. 7 Three 
of the participants in that conference had particular competence to evaluate 
IRRI's contributions. These were Dr. D. L. Umali, now assistant director 
general for Asian and Eastern Affairs, FAO-Bangkok, and formerly dean of 
agriculture of the University of the Philippines; Dr. B. P. Pal, who served as 
director general of the Indian Council of Agricultural Research through the 
1960s; and Dr. Gelia T. Castillo, associate professor of rural sociology, Col
lege of Agriculture, University of the Philippines. Their papers are very useful 
and should be read widely by people outside the institute. 

A more formal assessment of impact is made by the board of directors of 
each independent institute. Institute directors are aware of national needs and 
know how importantly international research efforts may influence, or fail to 
influence, the efforts of their nations. 

The impact of the international system is under constant review by the 
Technical Advisor), Committee of the Consultative Group either through the 
efforts of its own members or through the review missions which it organizes. 

The effect of the international system on national programs isunder con
tinuing review by the donor organizations which compose tile Consultative 
Group. These organizations are investing substantial sums of money in the 
system and arc under presssure to provide justification for those investments. 

Finally, there are the studies of the impact of the international system un
dertaken by investigators such as the Airlie House conference participants. 
These provide avaluable basis for the judgments which must and will be made 
by individuals whose responsibility it is t- make decisions. 

Quantitative assessments of the impact of the international system on na
tional research and production efforts clearly cannot be precise. However, 
judgments on the organization of and investment in research are, one hopes, 
increasingly based on the more solid information being generated and certain
ly can be based on agrowing body of experience. There is comfort in that. 
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Impact of the International System 
on National Research Capacity: 
The CIMMYT and IRRI Training Programs' 

Burton E. Swanson 

This chapter examines the impact of the different training strategies be
ing employed by the International Maize and Wheat Improvement Center 
(CIMMYT) and the International Rice Research Institute (IRRI) to help build 

research capacities in less developed countries. 
It is necessary first to clarify how research capacity is being viewed here. 

Ruttan and llayami considered the problem of international technology 

transfer and differentiated the process into three phases: (1) material transfer, 

(2) design transfer, and (3) capacity transfer.2 

The international transfer of wheat and rice technology during the late six
ties was largely in the "material transfer" stage. Many developing countries 

imported substantial amounts of seed during that period. 3 At the same time 
"design transfer" was also occurring, as national research institutions began 

to receive new, high-yielding experimental lines and varieties of wheat and 
rice that were then tested and, in some cases, multiplied and released to agri

cultural producers. 4 In addition, the international research centers, through 

their training and outreach programs, were beginning to devote some atten

tion to the third phase of the technology transfer process. Ilowever, "capacity 

transfer," or building a national research infrastructure that can produce sci
entific knowledge and improved agricultural technology -and adapt it to 
local ecological, resource, and institutional conditions - has been found to be 

a slow, difficult, and complex task. 5 

336 



IMPACT OF INTERNATIONAL SYSTEM ON NATIONAL RESEARCH 337 

To understand better the institution-building task associated with capacity 
transfer, it is useful to differentiate research capacity into its two primary 
functional components: science and technology. Price developed some gener
alized definitions, during a parallel discussion on technology transfer in space 
science, that are useful to this discussion: science is taken to be those rcsearch 
activities that result in scientific papers being written and published; tech
nology is "that research where the main product in not apaper, but instead a 
machine, adrug, a product, or a process of some sort." 6 

The point in making these rather sharp distinctions between science and 
technology is not artificially to separate one part of this process from the 
other or to suggest that research workers should work in only one area or the 
other. Many agricultural research workers function in both knowledge-gener
ating (science) and technology-developing roles and move easily and effective
ly between them. But in organizing national research institutions there has 
been a tendency to overlook the technology-development function. Wortman 
has made this point rather succinctly: "That agricultural research must be un
dertaken at central experiment stations or in the laboratories of national re
search organizations or colleges of agriculture is well understood; frequently, 
however, the further steps of identifying and testing packages of technology 
in each distinct farming region of a nation and finally at the ultimate experi
mental site - the individual farm - arc erroneously excluded." 7 Because of 
the importance of this distinction we need to know which hat a research 
worker wears at any one time in order to understand the thrust of his overall 
research program and how it contributes to national research capacity. 

Before proceeding in this discussion, I wish to present the concept of the 
biological architect, as utilized in this chapter. The biological architect is the 
high-level research worker who develops improved biological technology. lie 
is the "master builder,"or the "research inventor," who manipulates and in
tegrates new and/or different fact( -s,materials, knowledge, etc., to create im
proved agricultural technology.8 

Scientists and biological architects use many common research tools, but 
differences in research objectives and output demand substantially different 
types of cognitive behavior. The scientist, in his pursuit of new knowledge, 
engages primarily in analytical research. Analysis, as a cognitive skill, "en
phasizes the breakdown of the material into its constituent parts and detec
tion of the relationships of the parts and of the way they are organized." 9 

The scientist uses research tools as a means of testing specific hypotheses that 
result from his analytical inquiry. 

The biological architect engages largely in creative thinking and, by trying 
new materials and methods in different combinations and amounts, attempts 
to develop new technology or technological components that will better 
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achieve a production objective (such as increased output, reduced risk, or re
duced costs). In terms of cognitive behavior such creative thinking may be 
characterized as syntbesis.10 In synthesis, the research worker "must draw 
upon elements from many sources and put these together into a stucture or 
pattern not clearly there before. is efforts should yield a product. . . ."11 
T[he biological architect uses research tools to evaluate his newly created tech
nological combinations or components in order to determine thcir production 
potential. 12 Perhaps it is because the biological arch itect must spend so much 
of his time evaluating his new technological combinations and components
through the use of relatively simple and routine research trials and tests - that 
the importance of his intellectual or cognitive contribution has been over
looked or minimized. 

Applying this framework to research capacity as it relates to crop tech
nology, we see that in the past it has been the plant breeder who has generally 
developed improved genetic technology by manipulating different genetic fac
tors to produce improved varieties. The production agronomist has developed 
and refined improved production recommendations for use by farmers by 
manipulating new and/or existing factors of production (such as improved va
rieties, fertilizers, pesticides, cultural practices, etc.) in different ways. In 
more recent ),cars, as agricultural technology has become increasingly sophis
ticated and complex, the trend has been to form interdisciplinary research 
teams which work together in manipulating and integrating different chemical, 
biological, or mechanical factors of production to build superior agricultural 
technology. 13 

Before moving into a discussion of the training strategies being used by 
CIMMYT and IRRI and the impact of these strategies on research worker be
havior and research capacity, we should mention one other institutional fac
tor that appears important to the question of science and technology and the 
process of building national research capacity. This factor is the predominant 
reward system within agricultural research that appears to be exerting signifi
cant and continuing influence on research worker behavior and national re
search capacity. 

Reward Systems in Agricultural Research 

One explanation why research institutions in many less developed countries 
have been ineffective in producing improved agricultural technology is that 
research workers have tended to concentrate on more theoretical research 
problems rather than working to solve farmer production problems. 14 An 
hypothesis that is logically consistent with and will explain this behavior is 
that agricultural research workers in LDC's have adopted or internalized the 

http:syntbesis.10
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normative structure of the public research establishment (the university and 
the corresponding academic/scientific professions) of industrially developed 
countries. 15 The following factors serve to support and elaborate on this hy
pothesis. 

First, most research workers in the LDC's with advanced degrees received 
their academic training in foreign universities, primarily in the United States 
and Europe. Many of these research workers may have been influenced by the 
"publish or perish" reward system that is common to large, research-orientcd 
colleges of agriculture in the United States. Furthermore, because advanced 
research degrees require an "original" research inquiry that contributes to the 
body of knowledge in the respective discipline, these research projects are 
frequently highly specialized and theoretical in nature. Both of these factors 
could tend to orient young research workers toward more theoretical, sci
entific inquiries. 

Second, in the United States the knowledge-generating research function 
(science) is carried on primarily within the public sector (universities), where
as the greater part of technology-developing research is carried out in private 
industry.16 Although research workers who conduct technology-development 
research have much less opportunity to publish in scientific journals and to 
gain professional recognition from their colleagues than do their counterparts 
in the public sector, salary schedules in private industry have traditionally 
been higher than those in public research institutions. Thus, in the overall 
agricultural research system of the United States, there is to some extent a 
trade-off between professional and economic rewards. Research workers, de
pending on their interests, abilities, and what they consider to be important, 
have alternative career patterns they can pursue. 

On the other hand, in LDC's most if not all of the national agricultural re
search capability is located within the public sector, generallyvwithin aminis
try of agriculture or university. Therefore, the opportunity for research work
crs to select betwen economic and professional rewards is quite limited. 
Agricultural research workers receive salaries according to the bureaucratic 
procedures and criteria being followed by the research institution, not accord
ing to the type of research carried on. Thcrefore, there is no potential within 
the research institution itself for inducing research workers (through eco
nomic rewards) to pursue career patterns oriented toward technology-develop
ment research objectives. 

Thus, in the absence of an altcrnative reward system, it appears inevitable 
that professional rewards will take on increasing importance in influencing 
the types of research activities being undertaken by research workers in LDC's, 
particularly given the considerable professional recognition associated with 
publishing in a prestigious scientific journal with an international clientele. 

http:industry.16
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Third, in most cultures agricultural work is considered a low-status occupa

tion; therefore, there are no positive social rewards to encourage a highly 

trained research worker to work on practical problems - the results of which 

would be of direct importance only to a peasant or cultivator and which 

would not result in any significant professional recognition. Even if individual 

scientists were motivated to do this type of research, the research organiza

tion has no effective way formally to reward these successes. 
Finally, the spirit of cooperation is frequently missing from national re

search institutions, and scientists may tend to think about achieving personal 
rather than institutional credit. To develop improved agricultural technology 

requires considerable interdisciplinary cooperation, but the credit accrues to 

the team, not to the individual. If this team credit is usurped by the research 

director or the team leader, instead of being shared by the team members, in

dividual research workers will not be encouraged to work together on future 
endeavors. 

All these factors may prompt agricultural research workers in LDC's to 

concentrate on individual research projects aimed at generating new knowl

edge where they can receive professional recognition and rewards directly. In 

most national research systems in LDC's there are too few positive rewards 

and incentives to encourage research workers to carry out technology devel
opment. It isno wonder, as Singer suggests, that the meager research resources 

of the LDC's (estimated at 2 percent of the world's research and development 

expenditure) are frequently misdirected to research problems that are more 

relevant and useful to the rich nations. 17 

Tbe CIMAI YT Wheat TrainingProgramI8 

The wheat training program in Mexico is an integral part of CIMMYT's pro

gram for making improved wheat technology available to farmers in all major 

wheat-growing regions of the Third World. Strong national programs are an 

essential part of this international wheat improvement strategy, both in the 

process of developing and disseminating improved wheat technology and in 

dealing with spin-off problems, primarily disease epidemics, that are a poten

tial threat to the precarious food balance in populous nations. 
When the wheat revolution began to spread to South Asia and the Middle 

East in the early sixties, national wheat improvement programs in these areas 

were generally weak and poorly organized. Training programs were used by 

CIMMYT to upgrade the technical skills of research personnel in an attempt 
to build strong, independently functioning national programs that arc never

theless interdependent with other national programs and with CIMMY'r for 

new genetic resources and technical information. 
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At all levels, CIMMYT stresses a "team" or integrated approach to wheat 
improvement. At the program level, the emphasis is on interdisciplinary 
teams. At the international level, the national programs and CIMMYT work 
together as part of an overall international wheat team systematically to share 
not only superior germ plasm and new varieties as soon as they are developed 
but also technical information on these genetic materials. 

The wheat training program is directed primarily toward middle-level re
search workers. The program revolves around three main educational objec
tives: to impart to trainees the research skills and knowledge needed to run a 
wheat improvement program; to encourage and develop the trainee's ability 
to create (synthesize) new forms of wheat technology; and to foster specific 
types of attitudinal change among trainees. 

Technical Research Skills 
The first half of the regular eight- to nine-month training program in wheat 

improvement deals largely with the mechanics of running efficient, wellan 
organized research program. Trainees learn all the essential research skills and 
techniques needed to manipulate and evaluate new forms of wheat tech
nology through "on-the-job training.' 19 Trainees follow the CIMMYT wheat 
program through each stage of the growing season (and the varietal develop
ment process) with each task or operation first being discussed in the class
room and then demonstrated in the field. After the trainee has had the op
portunity to practice the skill and is "checked out" to ensure that ie is 
reasonably proficient, he proceeds to help carry out each research task or 
operation within the ongoing CIMMYT research program. 

Technical Research Ability: Synthesis 
Once the trainee learns the methodology and procedures of operating a re

search program he can give increasing emphasis to the genetic materials passing 
through the research program. For example, the job of the breeding team is 
the creation, or synthesis, of new genetic lines and varieties by combining and 
recombining diverse types of germ plasm. To be effective and efficient in de
veloping improved high-yielding varieties, the trainee must learn and become 
increasingly familiar with the various genetic characteristics and m4terials ie 
is attempting to manipulate. For example, an experienced biological architect 
in the CIMMYT wheat program can walk up to an advanced generation plot 
and there are hundreds of such plots - and from visual inspection alone give 
the approximate pedigree of the line (from several hundred potential parent 
lines and varieties), give several reasons why the cross was made, and evaluate 
the line for those visual characteristics. By working side by side with experi
enced biological architects in the CIMMYT wheat program, and by asking and 
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being asked the question, "why?" trainees soon begin to develop an ability 

and an insight into the creative process of genetic engineering. 

Attitudinal Objectives 2° 

There is a common expression used in the CIMMYT wheat training pro
grans: "The plants are talking to you, but you have to use your eyes to hear 

what they are saying." In other words, wheat plants being grown under a vari

ety of different conditions respond differently to those conditions. A good 

observer is able to detect how plants react to each of these different environ
mental conditions and, based on all these data, select those genetic lines with 
the greatest potential. 

CIMMYT seems to use asimilar selection technique for its trainees. For ex
ample, CIMMYIT has been criticized by some visitors to the training programs 

in Mexico for "using" trainees for such routine tasks as inoculating the segre

gating, or 1F2 , populations with rust spores. This is a job that CIMMYT needs 

to have done and requires about ten days to two weeks of hard, back-break

ing work, wading through muddy plots (many times in the rain) and injecting 
two tillers of each F2 plant with asyringe full of disease inoculum. 

After the first morning of this activity, there is no additional technical 
training value to be accomplished; however, what the CIMMYT staff learns 

about the "trainee population" during these two weeks is very important. 

Some trainees can disguise their displeasure at this type of work for a morn
ing or two, but after a week or ten days, trainees arc clearly differentiated by 

their "reaction to hard field work." Some trainees may do the work while 
CIMMYT staff members are nearby, but then relax under a tree when the lat
ter leave. A few may call in sick for a few days to avoid work. Others, how
ever, are out in the plots getting the work done. It is this last group that 

CIMMYT particularly wants to identify. CIMMYT believes it is this group 
that will begin to make up the hard core of working scientists within the na

tional wheat improvement program. 
The training program in Mexico is viewed by the CIMMYT wheat team as 

only the first step in a long-term process of building effective wheat research 

workers and national wheat improvement teams. Because of this long-run per
spective, the training program becomes both a manpower development tool 
for training skilled research technicians and an "early generation" selection 

tool for identifying potential biological architects. Trainees are observed in 
Mexico and again back home on the job. Those who excel in attitude, out
look, intellectual ability, and technical know-how in both working environ
ments are identified as prime candidates for academic fellowships. It is hoped 
that these individuals, given additional educational opportunities, will become 
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Table 15-1. Average Number of Research and Production Activities
Completed by Those CIMMYT Wheat Trainees Who Were Active

in Wheat Improvement Programs during 1972 

Trainees Conducting Each 
Activity (N = 105) Average Number Corn. 

Type of Activity N 00(N 
pleted per Trainee 

= 105) 
Laboratory or green.

house experiments ..... 
On-station field experiments
Genetic crosses ........... 

13 
56 
56 

12.4 
53.3 
53.3 

1.37 
5.62 

227.1 
On-station replicated

applied research trials.... 
On-farm replicated

applied research trials .... 
On-farm high-yielding pro

duction plots .......... 

65 

44 

37 

61.9 

41.9 

35.2 

7.24 

4.74 

3.71 

key biological architects in their own national wheat improvement programs 
in years to come. 

Results 2 

Approximately 82 percent of CIAIMYT's former trainees are still actively
engaged in wheat research and production activities, with another 8 percentbeing indirectly or partly involved in wheat improvement work. Only about
10 percent of former CIMMYT wheat trainees are no longer working in wheat 
improvement programs. 

As shown in Table 15-1, the performance of those former participants who 
are still engaged in wheat research and production programs (105 trainees of130 total respondents) is high, as measured by the numbers of research
experiments, replicated field trials, genetic crosses, and production plotscompleted. Furthermore these trainees are emphasizing technology develop
ment, as opposed to experimental research, particularly in the area of genetictechnology.2 2 It appears that the work of CIMMYT trainees, once back
home, is quite consistent with CIMMYT's training objectives. 
CIMMYT appears to be very effective in producing research workers who can develop improved genetic technology, but it has not had as much successin producing the other half of the wheat improvement team, the workers who 

can develop the complementary package of practices. This weakness probably
stems from the fact that the CIMMYT research program concentrates on
widely adapted genetic technology, with production technology being viewed as a location-specific problem. The fact remains that wheat production agron
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national programs to develop appropriateomists are sorely needed in most 
exploit fully andproduction recommendations that will enable fatmers to 

economically the production potential of the superior varieties being devel

oped. 

The IRRI Training Programs 

programs for research training and rice production training make upIRRI's 
the major part of its training activities. The impact of these programs on na

tional research capacity is described and analyzed here. 

IRRI Research Training Program 

IRRI is committed to strengthening national rice research programs, and 

its leaders see the research training program as a resource that national pro

grams can use in upgrading the technical proficiency of their staff members. 

IRRI's research training approach centers on the research project. Trainees 

are expected to focus on aserious production problem in their home country 

and to carry out one or more research projects that will generate new knowl

edge and possible solutions to these problems. 
asenior IRRI scientist and frequentlyResearch trainees work closely with 

carry out projects that are an integral part of their adviser's overall research. 

In some cases these research efforts result in jointly authored papers that re

port important research findings and contribute to the growing body of 

knowiedge about rice production in the tropics. 

Although some advanced research trainees come to IRRI to learn specific 

research skills and techniques, or to conduct projects that are beyond the 

scope of their national programs (because of the lack of adequate scientific 

equipment), the major objective of the project approach is to provide partici

pants with a solid research experience - teaching them each step involved in 

planning, designing, executing, and reporting on a research project. At each 

step of the way, trainees learn by doing. In terms of educational objectives, 

the major focus of the project approach is on analysis and on using research 

as a tool to generate new knowledge about production problems and their 

possible solutions and/or to test suspected relationships between production 

factors. The knowledge that is generated from these projects may be used in 

the development of improved rice technology that will increase rice produc

tion in the tropics. 
There are two exceptions to the project training approach: (1) Nondegree 

trainees in varietal improvement do not conduct research projects but work 

largely as research assistants in IRRI's ongoing rice-breeding program. Again, 

these trainees learn by actually carrying out each task involved in a varietal 
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improvement program, and at the same time they become familiar with the 
germ plasm currently being used in the IRRI program. (2) Agricultural en
gineering technicians are given short-term training so that the), can evaluate 
and demonstrate IRRI-developed machinery in their own countries under 
local conditions. 

Each research trainee works primarily in a single department at IRRI, but
the Saturday Seminar provides the institutional mechanism by which both 
trainees and staff learn of recent research findings in other departments. By
sharing research results with staff members in other disciplines, scientists can
frequently gain new insights and perspectives on important rice prodution
problems which may lead to cooperative efforts between departments. Such 
multidisciplinary efforts demonstrate to trainees how an effective research in
stitute can organize its scientific resources in alternative ways to accomplish 
different objectives. 

The institute is conveniently located next to the University of the Philip
pines' College of Agriculture, and about one-third of IRRI's research trainees
combine an M.S. degree program at the college with research training at the 
institute. IRRI scientists believe that combining a degree program with asolid 
research experience enables trainees to perform more effectively after return
ing home and also gives them the necessary educational credentials to move 
into leadership positions in their respective national programs. In general,
IRRI research trainees are a highly educated group. At the time the participant
follow-up survey was taken in 1973, 41 percent of the research trainees had 
M.S. degrees, 43 percent had either received or were working toward Ph.D. 
degrees, while only 16 percent of the group were still at the B.S. degree level. 

Results 
Former IRRI research trainees reacted in very positive terms when assessing


their training experience at the institute. IRRI selected both research 
 and
 
teaching personnel from national institutions, and more than 9(0 percent of all

research trainees indicated that the training had been of sonic 
or full use to
them since returning home. In addition, approximately 71 percent of former
trainees (who were working when the survey was taken) were still actively in
volved in rice research or production programs.

In considering the main educational objective associated with the pr(,ject
training approach (i.e., analysis), it seemed consistent to expect trainees to
continue working in experimental (analytical) research after returning home. 
To test this hypothesis, the work behavior of former trainees was examined 
to determine which types of research were being emphasized (see Table 15-2).
As expected, more knowledge-generating types of research (field, laboratory,
and greenhouse experiments) were being carried out than research activities 
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Table 15-2. Average Number of Research and Production Activities 

Completed by Those IRRI Research Trainees Who Were Active in
 

Rice Research and Production Programs during 1972
 

Trainees Conducting Each Average Number Com-
Activity (N 154) pleted per Trainee 

(N = 154)Type of Activity N 

Laboratory or green
house experiments ..... .65 42.2 1.61
 

On-station field experiments 85 55.2 3.48
 
19.9Genetic crosses ......... .. 46 29.9 


On-station replicated
 
37.0 1.55applied research trials. . . . 57 


On-farm replicated
 
applied research trials. ... 38 24.7 1.17
 

On-farm high-yielding
 
production plots ...... . 39 25.3 1.46
 

of rice technology (agronomic fieldassociated with the direct development 

trials and genetic crosses). 
23 

Another factor considered in determining the type of research being em

trainees was the form of research output, particularly sincephasized by IRRI 

research papers tile primary output from knowledge-generating types ofare 
106 research trainees had been able toinvestigation. First, it was found that 

the work theypublish (or present) a total of 187 research papers based on 

completed while at IRRI. Second, trainees were asked if they had been 

able to publish or present any papers based on research conducted since re

turning home. In the two-year period (1971-72) 130 former research trainees 
wereproduced 370 technical papers. Since only 154 trainees indicated they 

actively engaged in rice research and production programs when the survey 

was taken, and only another 5 percent of former trainees were working in 

other crop research programs, it was concluded that knowledge-generating re

search is predominant in the work of former IRRI research trainees. By con

found that of 105 active wheat research workers who were fortrast, it was 

mer 
CIMMYT trainees, 39 had published or presented a total of 101 technical 

papers during the same period. 

IRRI Rice Production Training Program 24 

The IRRI rice production training program was established in 1964 in 

response to a growing need for competent rice extension specialists who 

could (1) diagnose serious rice problems, (2) grow a rice crop using the high

yielding rice technology that was being developed by IRRI, and (3) communi

cate these skills, methods, and techniques to rice producers through efficient 
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extension methods. Later, as it became apparent that IRRI could not begin 
to train all the rice production specialists needed by national programs, its 
focus was shifted to "training the trainers" of rice production specialists. The 
logic of this approach was to create a multiplier effect within each national 
program, whereby large numbers of field extension workers could be trained 
to use and demonstrate the new improved rice technology. 

The rice production training program is asix-month course conducted dur
ing the wet-rice growing season beginning in early June each year. The be
havioral objectives of the present program, in addition to the three original
objectives as mentioned above, (1) for trainees to be able to conduct apare 
plied research trials to modify the modern rice technology (package of prac
tices) to fit local growing conditions in their home countries and/or regions
and (2) to be able to organize and teach in-service rice production training 
programs for extension personnel in their home country programs. 

To achieve these behavioral objectives, trainees spend about one-half of 
their time in the classroom learning up-to-date knowledge about modern rice 
production in the tropics and the other half in the field practicing this knowl
edge and acquiring new skills in rice production and in communicating this 
technical information. One of the most outstanding features of the training
methodology is that the classroom instruction, which imparts extensive tech
nical information about all aspects of modern rice production, is carefully
organized around and integrated with the practical field training. What is 
learned in the classroom is directly relevant to the problems faced in the field. 
Second, the course is highly efficient in that it is completely organized before 
the trainees arrive (lectures, field practice, field trips, etc., are all scheduled),
 
so that each 
 hour is accounted for in terms of the instructor responsible and 
the behaviorial objectives to be achieved. In addition, most technical lectures, 
field practice exercises, etc., are reproduced and made available to trainees so 
that each has a rice production training manual and a complete set of tech
nical lecture notes to use both during the training program and after return
ing home. 

Results 
Questionnaire responses show that nearly every former rice production 

trainee was satisfied with the overall training, and approximately 90 percent
of the trainees indicated the), werc making sonic or full use of the training.
The number of respondents who indicated they were in job assignments 
where they could make direct use of their training was less satisfactory. Al
though 81 percent of the respondents indicated that they were working in 
rice production programs, only about 42 percent were ;n positions directly 
associated with the stated behavioral objectives of the program. 
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In regard to the primary behavioral objective of the program, it was found 

that only nineteen respondents (12.8 percent) were assigned and working as 

full-time rice production trainers. Although two-thirds of the respondents in

dicated that they had worked, at one time or another, in organized rice pro

duction training programs, in most cases these duties were in addition to their 

regular job assignments. In addition to the nineteen respondents who are 

working as rice production trainers, it was found that another thirty-six re

spondents (24.3 percent) were working as rice extension specialists and eight 
trainees (5.4 percent) were involved with rice production programs, but as 

general agricultural extension workers. In all these cases trainees were con

sidered to be directly involved in assignments associated with tile behavioral 
objectives of the program. 

Approximately one-fourth of the rice production trainees are research 

workers in their home countries. In fact, nearly 10 percent of former rice pro

duction trainees are currently working in rice breeding. flow or why these 

trainees were selected for this program, rather than for the research training 

program in varietal improvement, was not established. Although rice produc

tion training is probably quite useful and appropriate for many rice research 
workers, their selection appears inconsistent with the stated objectives of the 

rice production training program. 
The remaining trainees have moved into other types of jobs since returning 

home (many arc in administrative positions), but some are still associated 

with rice production work. Eleven participants were attending a university 
when the survey was taken, and probably many of these will eventually re

turn to rice production activities. 

Effect ofl)ilferent TrainingStrategies on Work Behavior 

It was established in this study that the work behavior of the trainees in each 

of the three groups differed widely following their return to jobs at home. At 

the same time, however, there were great similarities in the general back

ground of the trainees in the three groups. Therefore, tilepurpose of this sec

tion is to develop an adequate explanation for these differences in work be

havior by examining the major independent and intervening variables. 
No attempt is made to characterize one training program as better or 

worse than another; rather, the objective is to learn from the strengths and 
weaknesses of each training strategy. All training programs included in this 

study are generally well organized and have been evaluated favorably by for
mer trainees. To establish this point, two major traince-assessment variables 

are contrasted in Trable 15-3. 
There is no significant difference between the ways in which individual 
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Table 15-3. General Trainee Assessment of Each Training Program
 

CIMM'ill IRRI IRRI Rice 

Type of Training Assessment 
Wheat 

Trainees 
Research 
Trainces 

Production 
Trainees 

Trainee's overall satisfaction 
with the training program

Very satisfied ............ 
Sonewhat satisfied ....... ... 

65.4% 
32.3 

55.6% 
35.5 

64.1% 
34.7 

Neutral or dissatisfied ..... ... 2.3 8.9 1.3 
Total ... ....... I10.1 100.11 100.0 

Trainee's use of trainitng 
in his present jol)

Full use of training ....... 
Sonic use of training ...... 
Little or no use of training. .. 

46.4 
47.2 

6.4 

39.4 
55.5 

5.1 

48.6 
42.1 

9.3 
Total ............... 10).) 100.0 100.0) 

trainees either perceive the use of their training or assess their training ex
perience at each center. Therefore, from the viewpoint of the individual
trainee, these programs have been equally effective in achieving specified 
training objectives. 

As mentioned above, however, there is considerable difference among
trainees in present job performance. Data on trainee work behavior are pre
sented in Figures 15-1 and 15-2 for the three training groups, l):se(d on the 
subgroups of trainees who actually indicated direct involvement (when the 
survey was taken) in a wheat improvement or rice research and production 
program. The percentage of trainees indicating such direct in'ohveicett foreach training group is as follows: CIMMYT wheat trainees, 83.3 percent (N = 
105); IRRI research trainees, 71.3 percent (N = 154); and IRRI rice produc
tion trainees, 78.8 percent (N = 108). 

It is clear from the data presented in Figures 15-1 and 15-2 that CIMMVYT 
wheat trainees are completing more research activities associated with the ic
velopment of biological technology than are IRRI research trainees. Although
this difference in research emphasis was expected, the extent of these ob
served differences was not anticipated. An analysis of variance test was car
ried out between the CIMMYT and IRRI research training groups for cach 
type of research activity. The differences in work behavior for the three tech
nology development variables were statistically significant at the .01 level. 
Since these differences have an important influence on the type of' natimnal 
research capacity that develops, a detailed examination of the factors that 
contributed to these differences appeared warranted. 

To account for these differences, an analysis was made using the conccp
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Figure 15-1. Work behavioral patterns of former CIMMYT wheat trainees. 

tual model of the training process depicted in Figure 15-3. First, an examina

tion was made of the two major independent variables: personal character

istics of individual trainees; and characteristics of trainees within their home 

organizations. Then, differences among trainees in respect to the main inter
vening variable - the actual training strategy and approach employed by each 

institute - were considered. 
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Figure 15-2. Work behavioral patterns of former I RI research and production 
trainees. 

It should be noted that the comparative analv.is which follows concerns 
only the two research training groups. The work behavior of rice production 
trainees was included in Figure 15-2 because it provides a more complete pro
file of the research and extension activities being completed by former IRRI 
rice trainees, particularly since about one-fourth of former rice production 
trainees are engaged in research work. Ilowever, since this third group was 
trained to carry out essentially a technology dissemination role, it would be 
inappropriate to analyze this approach in terns (f technology development. 

http:analv.is
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Figure 15-3. A model depicting tie role of training in hehavioral and organiza
tional change. 

Source: It 1. Iynton and Udai Pareek, Trainingfor Development (Ilornewood,
Ill.: Richard 1). Irwin. and Dorsey Press, 1967), p. 18. 

Ilowever, data on tie two independent variables for the rice production 

group are included in the following section as a matter of information for the 

reader. 

Personal Characteristics of Trainees 

Several key variables describing the personal background and characteris

tics of trainees were tabulated to determine if there were any significant dif

ferences in the types of trainees that were being selected for each training 

program. In analyzing the data, several different multiariate linear regression 

models, using key independent variables, were developed in an attempt to 

predict different types andltor levels of work performance. None of the inde

pendent variables used in these analyses were found to have much influence 
(i.e., explain much variance) on the dependent variable. Table 15-4 sum

marizes data on these personal characteristics that might be expected to in
fluence work bchavior. 

In terms of background characteristics, there arc two apparent differences 
between the two research training groups which could affect work perfor

mance. The first, as documented in Table 15-4, is the difference in education
al level between the two research groups. Although the IRRI research group 

is more highly educated - and this may influence somewhat the type of re
search conducted, which does appear to be the case - this factor would not 

be expected to have a negative influence on the overall aniount of work con

pitted. 
The sccoul major difference between the two research training groups is 

nationality and the possible influence of cultural factors on work behavior. 

The IRRI research group is primarily from countries in South, Southeast, and 

East Asia, whereas CIMMYT trainees are primarily from North Africa, the 
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Table 15-4. Personal Characteristics of Trainees in Each Training Group 

CIMMvT IRRI IRRI Rice 
Wheat Research Production 

Personal Characteristics Trainees Trainees Trainees 
of Trainees (N = 130) (N = 234) (N = 148) 

it IYars 
Mean age when entering 
the training program ........... 30.6 30.4 32.4 

Trainees who grew up in 
/n Pe'rce tage 

rural areas ................. 61.4 59.5 77.0 
Trainees' fathers who were 
engaged in agricultural job ,.... .. 47.5 36.7 45.8 
Trainees' families whose main 
source of' income was from 
agricultural sources ......... .. 47.7 43.2 55.5 
Educational level of trainees 
when entering tie training 
progran 

Less than B.S. degree ...... . 21.1 1.8 22.4 
B.S. degree or equivalent .... 57.8 62.3 65.0 
M.S. or 1111.I). degree ...... .. 21.1 35.9 12.6 

Total .................. 1 100.0 100.0 100t) 
Present educational level 
of trainees 

Less than B.S. degree ...... .20.5 17.5 
B.S. degree or equivalent.
M.S. degree or equivalent 

. . . 

. . . 
41.7 
27.6 

16.2 
41.2 

56.6 
19.6 

PhI). degree ............. 10.2 42.6 6.3 
Total .................. 100.0 1(0(. 100.0 

Middle East, South Asia, and South America. Because there was insufficient 
overlap between the two groups to measure the impact tof nationality or cul
ture ol work behavior, the importance of this influence remains unknown. 
IHowever, nothing in nii experience in agricultural training progralms,%where I 
have worked with a wide variety of cultural groups, suggests that cultural 
background would have a determining influence tin the typc and amount of 
work performed. 

Characteristics of Trainees in Their Work Organizations 
The next set of variables to le examined in attemltig to cxplain differ

ences in work behavior betwee; the two research groups ,term the role 
of the trainee in his work organization when the survey was conducted. Table 
15-5 presents data on certain selected variables that could he expected to in
fluence the dependent variable. 

There is no difference between research groups regarding the level of their 
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Table 15-5. Selected Variables Describing the Roles of Trainees in Their
 
Work Organizations for All Three Training Groups
 

RICIMMYT I1R, IRRI Rice 
Wheat Research Production 

Characteristics of Trainees in Trainees Trainees Trainees 
Their Work Organizationsa (N = 130) (N = 234) (N = 148) 

Types of organizations where
 
trainees are working
 

National research 
organizations ............. 88.0% 56.9% 20.0% 
National extension 
organizations ............. 6.4 1.9 47.9
 
Agricultural colleges 
or universities .............. 2.4 27.3 12.1 
Other ................... 3.2 13.9 20.0 

Total .................. 100.0 100.0 100.0 
Level of trainee's position 
in his work organization
 

Policy level................ 4.0 4.7 2.9
 
Senior level .............. 41.9 46.5 32.1
 
Middle level .............. 50.1 45.0 54.0
 
Lower level .............. 4.0 3.8 11.0
 

Total.. ................ 100.0 100.0 100.0 
Type of work trainee is 
engaged in 

Mainly administrative work 11.6 12.1 22.7 
Mainly field research work... 74.4 44.7 22.0 
Mainly laboratory green
house research ............ 6.6 24.1 3.8 
Mainly field extension work 5.8 3.1 28.8 
Mainly teaching or training 1.6 16.1 22.7 
Tot al .. .. .. .. .. .. . .. 1001.0 100(.01 1001.0 

Crops worked with by tle 
trainee in his joh assignment 

Works only with wheat/rice 71.4 40.7 32.8 
Works with wheat/rice and 
other crops ............... 19.9 31.5 48.2 
Does not work with wheat/
 
rice in his present job
 
assignment ................ 8.7 27.8 19.0)
 

Total .................. 100.0 1010.0) 10(1.0
 

a At the time the sul vey was taken. 

present positions in their work organizations, but there are other important 
differences which could contribute directly to the observed differences in 

work behavior. First, there is a substantial difference in the relative propor

tions of trainees doing field research work. Since the work behavior of IRRI 
research trainees tends to emphasize experimental field research (as reported 
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in Table 15-2 and Figure 15-2), the fact that only about 45 percent of the 
IRRI research group (contrasted with nearly 75 percent for tile CIMmYT 
group) are engaged in field research would be expected to have an important 
negative influence on the mean level of field research activities completed per 
trainee. Second, the important difference between the two groups in regard 
to crops worked with (71 percent of CIMMYT trainees worked full time on 
wheat research, whereas only 41 percent of IRRI research trainees worked 
full time on rice research) would also be expected to have some influence on 
the total amount of wheat/rice research completed. 

These findings raise two obvious questions: Why are there such large dif
ferences between the two research training groups with respect to these two 
variables? And, what actual impact are these differences having on the 
amount of work completed by trainees? 

Although there are no clear-cut answers to the first question, certain facts 
are known. First, IRRI selects trainees from educational as well as research in
stitutions for its research training program. With 16 percent of former IRRI 
research trainees now working in full-time teaching positions within colleges 
of agriculture or universities, this group accounts for than half themore 
difference between the CIMMYT and I RRI research groups. Second, of those 
IRRI research trainees who arc doing research work, more than one-third are 
engaged in laboratory/greenhousc research, and this group accounts for the 
remainder of the difference of those trainees doing field research. 

Less easy to explain is the fact that only 41 percent of the research work
ers included in the IRRI research group are working full time on rice research, 
yet most come from countries totally dependent on rice as the major food 
staple. The only apparent reason is that the IRRI research group is trained in 
single-discipline departments and is more highly educated, which again would 
be an impetus to further disciplinary specialization. Once back home in their 
national programs, which arc concerned with several different crops (rather 
than a single crop as isthe case with IRRI), it is probable that these scientists 
will be called on to divide their research time among other crops in addition 
to rice. For example, a pathologist may be assigned to study fungus diseases 
of several crops rather than work on all different Jiscases of rice, such as 
bacterial blight, blast (a fungus disease), and tungro (a virus disease). 

Trainees who have gone through the CIMMYT training program, which 
operates within an interdisciplinary research structure, have tended to con
tinue their focus on wheat improvement rather than specialize on research 
problems within a particular scientific discipline. 

The second question raised was, Ilow much impact are these differences 
in trainee job assignments between the two research training groups having on 
the overall worl. of trainees? To address this question, the procedure was to 
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Table 15-6. Analysis of Variance of the Work Behavior of Individual Trainees Who Arc 
CIMMYT and IHRRI Research Training Groupsa

Working Mainly on Field Research -

CIMMVT IIRII 
Wheat Research 

Trainees Trainees Level of Sig-

Type of Activity Completed (N = 79) (N = 72) tValues nificance 

I.abratory and grecnhouse ex
periments. ................. 1.76 0.61 1.1068 u.s. 

On-station field research ex
perim nts ... ............. 

Cenetic crosses ............... 
6.82 

279.5 
4.07 

26.3 
1.7757 
5.8646 

n.S. 
*0 

On-station replicated applied 
research trials .............. 8.95 2.00 4.3683 *0 

On-tarn replicated applied 
reearch trials .............. 4.95 1.68 2.4(03* 

On-farm production plots ......... 3.17 2.46 0.4226 n.5, 

aiDati relpotcl are the ncan level of each activity completed per trainee during the 

main wheat or rice growing season of 1972. 
u.s. 

= nlot significant. 
• significattt at (o5 level. 

* ignificant al ( 1 level. 

contrast the work behavior tf two subgroups of trainees - those mainly doing 

field research work and those working only on wheat/rice research - with 

each of the two research training group to determinte if the observed differ

ences in work bchavior could be explained by either of these two inde

pendent variables or if the differences still persist. Results of these analyses 

are found in Tables 15-6 and 15-7. 

As the data indicate, the obscrvCd differences in behavior for those re

searcl activities most closel associated with the development of improved 

genetic and product ion technology (rows 3,4, and 5) continue to be present 

even when we consider just those subgroups of trainees that are doing mainly 

field research and those doing only wheat/rice research respectively. There

fore, it is concluded that, although a similar proportion of IRRI research 

trainees are working in field research work and a smaller proportion arc only 

working full titiie on rice research, these differences in job arsigntnents still 

do not explain the major differences in observed work behavior between the 

two research training groups. 

To reiterate, it was not possible to account for the differences in work be

havior between the two research groups by considering the two main inde

variables: the differences in the personal background characteristicspendent 
of the individual trainees in each group and the characteristics of trainee job 

assignments in their work organizations. These findings, therefore, direct the 
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Table 15-7. Analysis of Variance of the Work Behavior of Individual Trainees Who Are 
Working Only on Wheat/Rice Research - CIMMYT anti IRRI Research Training Groupsa 

CIMMY'F IRRI 
Wheat Research 

Trainees Trainees Levcl of Sig-
Type of Activity Completed (N = 81) (N = 82) t Values nificance 

Laboratory and greenhouse cx
periments ................ 1.72 1.12 0.5778 os. 

On-station field research ex
periments ................ 5.89 3.84 1.3358 n.s. 

Genetic crosses ............... 261.2 28.0 5.5943 
On-station replicated applied 

research trials ........... 8.36 1.52 4.4190 
On-farm replicated applied 

research trials .............. 4.43 1.26 2.6425 
On-farm production plots ...... 3.77 1.99 1.1194 n.s. 

a Data reported are the mean level of each activity completed per trainee during the 
main wheat or rice growing season of 1972. 

n.s. = not significant. 
* = significant at .01 level. 

inquiry to the intervening variable - the training itself - to see if the differ
ences in training could account for the observed differences in work behavior. 

Differences in Training as an Intervening Variable 
rhe training objectives, methodology, and strategy of the two research 

training prc'rams being considered here arc markedly different. Both training 
approaches were described earlier. The key points that appear to link these 
different training approaches directly to the differences in work behavior are 
as follows. 

IRRI's main educational objective in its research project approach to train
ing is analytical skill. In following this type of program the trainee learns first
hand how to design, carry out, and report on a research experiment and in 
doing so learns how to think analytically - a prerequisite for any successful 
research worker. I laving this ability and skill, however, does not prepare a re
search worker for all types of research work. In particular, he does not learn 
the research skills and methods associated with organizing and operating a re
search program aimed at developing improved agricultural technology, where 
the primary educational objective is synthesis (an objective that characterizes 
the CIMMYT wheat training program). 

The CIMMYT wheat research program is essentially a highly organized
"genetic assembly line" which has standardized procedures and routinized 
tasks to incr,.ase the efficiency and output of a wheat improvement research 
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program, while minimizing error. By systematically and effectively mixing 
(synthesis) the gene pool through large numbers of genetic and bycrosses 
systematically screening the progeny of these crosses, particularly through the 
extensive use of earl), generation testing procedures (evaluation), the biolog
ical architects at CIMMYT believe they can maximize the probability of pro
ducing superior germ plasm. CIMMYT wheat trainees appear to have learned 
and to have adopted this research approach to wheat improvement, given 
their observed behavior. 

The conclusion of this study is that the different approaches to research 
training pursued by CIMMYT and IRRI arc having an important and measur
able influence on the work behavior of research workers in less developed 
countries. CIMMYT's training group tends to emphasize and to be very effi
cient and productive in conducting research aimed at developing improved 
wheat technology. IRRI research workers tend to emphasize experimental re
search aimed at generating new knowledge about rice production in the 
tropics. 

TrausfnrmingNational Research Capacitoy: A Postscript 

As Ruttan and I layami point out, one of the most serious constraints on the 
international transfer of agricultural technology is limited experiment station 
capacity for the production of biological technology. 25 The central theme of 
this chapter has been an analysis of the ways in which two international re
search centers have addressed this problem through their training programs. 
In making this analysis, however, it became increasingly clear that there was 
an issue involved more basic than just a difference in training objectives and 
methodologies. More important were the working assumptions made by each 
center concerning the ability of national research systems to organize their 
scientific resources. Although this is a complex issue, each center's response 
to this question provides some valuable insights into tile problem. 

CIMMYT's response to this question has been based essentially on the 
premise that the national wheat improvcmcnt programs with which it works 
have not been functioning effectively because they have been unable to orga
nize their scientific rcsourccs to solve practical production problems. The 
problem is twofold. 

First is the problem of focus, or research objectives. CIMMYT's response 
to this picrccivd institutional problem was to concentrate on one specific prt
duction problem - the nccd for improved genetic technology - and through 
its training strategy carefully' and systematically to build this relatively sim
ple research function into each national program. Thus organizational change 
was a specific, but implicit training objective. 
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Second is the problem of functional integration, or the ability of a national program effectively to organize and mobilize its scientific resources aroundthe objective of producing biological technology. If identify the lack ofwe
such ability as a serious institutional problem, it follows that technical personnel, in addition to lacking relevant research skills and methods, would alsolack the skills and spirit of working together in organized, cooperative teamefforts. More precisely, they would lack the organizational skills and perspective necessary to integrate their research functions around aspecific researchobjective. Thus it was found that CIMMYT trainees in cereal technology
spent one-fourth of their time in the wheat-breeding program, so that theywould clearly understand and appreciate the functional relationship betweentheir work in cereal technology and the work in the breeding program. Similarly, each training group spent a substantial amount of time working in eachof the other research programs that are functionally involved in developing 
improved genetic technology. 

Following the logic of this strategy, it was expected that, once a "criticalmass" of trained research workers were present in a wheat improvement program, that program would function effectively. And it was expected that asthis happened, each national program would () work out its own researchstructure (i.e., division of labor) to fit local needs and requirements and (2)take over the necessary informal on-the-job training of new personnel. Oncethis transformation had been achieved, CIMMYT expected national wheat improveient programs to be functionally competent to identify local produc
tion problems and meet long-term technological needs. My observations,
made while pretesting the survey questionnaire in the field, suggest that this 
strategy is working. 

IRRI's response to the problem of how national research programs organize their scientific resources has been based on a different policy decision.On one hand, IRRI officials and scientists have expressed serious concern thatsonic national programs lack the ability to organize and direct their research resources toward solving local production problems. On the other hand, however, IRR leaders have expressed a sensitivity, and concern that their international activities not dominate the research capability of national programs. 2 6 
By making an explicit policy decision against direct institutional intervention,IRRI placed itself in a position of taking, as a given, the ability of national programs to orginize their scientific resources. 27 Furthermore, IRRI's research training strategy, while not resulting from this policy decision, is log
ically consistent with it. 

IRRI is operating on the basis of the sanr type of institutional relationship that a college of agriculture (as in educational institution) would havewith a functionally effective experiment station (as a work organization). The 
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a good theoretical background in a 
college provides graduate students with 

field of study, along with asolid research experience in designing, conducting, 

and reporting on a research project. Once hired by an experiment station for 

a student is given specific research 
position, however,a particular research 

are functionally inte
responsibilities that he is expected to carry out, which 

grated with the station's overall research program. Since it is unlikely that the 

out these research responsibilities, he will gen
to carrystudent knows how same proa senior scientist in the 

erally be assigned to work closely with 

two of this informal, on-the-job training, the inex
grain. After a season or 

perienced research worker will develop sufficient competence to function in

dependently in carrying out his assigned tasks.
 

by using the research project approach and by training research
 
IRRI, address institudoes not 

in separate single-discipline departments,
workers 

poorly defined or inappropriate research objectives 
tional problems, such as 

and the lack of functional integration, through its training strategy. It should 

receives substan
be noted, however, that several countries from which IRRI 

tial numbers of trainees (for example, Japan, Taiwan, and Korea) are assumed 

the present time. Therefore, this 
to have rather effective research systems at 

training may be quite appropriate in meeting their needs. 
type of research 

Nevertheless, if these programs are in fact relatively strong and functioning ef

at the present time, there would appear to be little justification for 
fectively 

to expend its scarce training resources on research personnel from these 
IRRI 

important rice-growing countries of the tropics have 
thecountries, when 


weak research systems.
 

The observed work behavior of former IRRI research trainees, as they re

on knowlcdgc-gencrating types of research, raises 

IRRI's training strategy. Although trainees studyturn home to concentrate 

obvious questions about 

production problems that are relevant to home country conditions, it appears 

to the overall - it contributes cases their research effort as
that in most 

capacity - lacks sufficient emphasis on and attention to the 
national research 

problem of producing biological technology.
 

Conclusion 

poor nations of the tropics and 
the premise that as

This chapter is built on 

subtropics shift to modern agricultural production systems they will need ef

long-term technological needs. Experi
fective research institutions to meet 

ence suggests that, in some of these national research institutions, technology

or are relegated to 
activities are frequently neglected

development research 
more highly

and/or less motivated research personnel, while 28less qualified research inquiries.on more theoreticalconcentratescientistseducated 
to be relevant and use-

I lowever, if national agricultural research systems are 
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ful to agricultural producers, then knowledge-generating research activities 
must be, to a large degree, directed by and integrated with the technology
developing .cscarch function. Furthermore, this technology-developing re
search system must be capable of effectively and efficiently transforming new 
knowledge into improved agricultural technology. Where the national research 
capacity for producing biological technology is weak or lacking, these nation
al research systems will remain functionally impotent in their ability to solve 
serious production problems and nations will remain largely dependent on ex
ternal agencies (particularly the international research centers themselves) for 
new sources of improved technology. An analysis of the observed work be
havior of former IRRI and CIMMYT research trainees supports the proposi
tion that different training approaches and institution-building strategies can 
have an important impact on the type of national research capacity that de
velops. Therefore, international centers must lie fully cognizant of these po
tential influences on the technological capability of national research systems 
when designing their training and outreach programs. 
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