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Preface 

WIiti tile lahIst d'cildc sivnii1.1calli sicps aI v.1 :1C nlarrOw tl'arc1ia. teno 
ttrl ;'grivilturll- CLscorchnicl Clnnogv g~ap :'in.ng count1ries. NL'\%ilt erAtlionl' 
CCn cr~s v~'e11.1 nICS!Ialish ed, andl o nimher of deve loping, count rici Ii vc
mlade subsl~:miIannu ilr s ill stri idin11 their. I):ilonll *griedi utl rcsaeI 
cal l :is. It is cs tlla: d thiatId11 rexpeditOV Oil ;ITgie t3I il1 re.SeAlrl (ill
constnt 1!.7 I LUS. di lnr,. ) hniVCrn fron11 l l~I'rIxitCIV 51 .3 biliouu ill
1959 to $38billiOnl inl 197., Ill 111C IleS dCVClOpeLd countr11ies of* Ikaln Ante:' 
jen, Af(ieni, and Asial, lice st iI~Intd inCrea:SV inl re-I'CIn C.\pend IItutS fil 1bW 
S:IIW per-iod \%;Is from $lI millioin to ,;95 7 Inillionl. 

The (3ealtiol: (if tvWOitviiint1ioital it lcniltmtal ieseireI: ins1OittIes in lilt
early I 9(0, wais ;In impc'l-,ItII fiic1i In ti I Of IcS;CJCIT~nSicsnlcw.t!,.-h 
estai~hinieiit of dhe itiit Ilolul 16i1: Ievw Ilmilgicl (I RPII) ill the Pil.sd 
ippinlcs inl 19601 ::iIth tilevnnl(-W~i0II; Mlni.' anld Wheat 11) IirVL 11ieIIt Ceniter 
(CI lAl \') inl Aex i o ill 11106 sign aI da Cl .1-VV'ide c1 I etII tYfe c i%33j oil 
rcsen idi ;Is anl Vesse:in I inslm nt)Cof ag i rnIp nCiv i Oeiii 
kCSSdVCdop~ld eonnt de6S
 

TI'he Cl23t(11 i31on. is weCll I:n(3wil. 
 CI AIMAlYI ald IRI ( di.veb ,p d sIw rt-
Si inwed , Icr i a -es 31Iiih* ie ig s a anld I C5\'I ne, CS se'll idl 
were' lil1idly aidapted anld aclopicdiln jmn:,'z'Asia, Arrienl, :Ind 1,Itii lltIs~ 
and svhich 11odlUced ;ill uplj31c ill rril] pl-Odttetim 1P1:mlJlowio 's 111e
lee:)j iC.v(3Iutiol3." I1 1975i, mOc ilil mlilliI reSearIch oiIiiles iid two 

other ilIlrn ati oln:i 21illsr .recilhIlCI'll op~erat ion ol.ir i II l I ce.s; of' lie
jong cS;lIi~s!lI inl the 1, CS(sc, I*;1h!C II- I) 

V' 

L 



Theview liat cffectivcresearch capacity in developing Countries is a prima
.), nicatls to raising agriclltural product ivity isnow widely shared., Tihe World 

akil, the United Stats Agency for inicrnml;i il ),iopniti (($i\ II)), and 
otlher.iloors have lcgiyn to gv agricultilrai research a higher priotity for as' 
sistance, m;cstinent in agriculliral r s arch in dC.eloping CintiLslh'iS griwi 

ex~pand, rviearch product Mt V and r-eseat-ch resource allocation hav beicomei 
important issues for developient planners and science iSna:-rs. 

Ill ordtIer to cxaninc tii eSe issles, an i lii'nialiinal Conference was hl-ciiat 
:: tollm.niinia,I rgliv in j an y 1975. The Co n..ference hadl two inain oojc. 
lives: to exaine recet evidenCe 01tie rtioins to i vsuillelit i national and 
mtc r at o iinter rcseuaih Syste ls; to expioh'r the rlevanc:e oftanii cigriciturl atd 

eco nlloiic factoi's foir thle Olga 
alind itei'natioial Istarch S)'IystCIs. 'rcie'ial is u S r'laICd t0 tihle easure':l 
social and 'o itzathin ind tiaanlaltgenlii ofO i anut 

ih e i.nilt of rI's¢'rIiCh IprodtictiVit . plln iiing of i'cst-'arch Iprgra tIls, anld ie 
.nalullnniltnl of rese.irch sstems were also disciisscd. 

The confeence drew t(Igctlher over fifty iaturali scietit ists, scitIt Scic nists, 
aid ,,miiit rs at cli ofirat ,,,ti'otti al and i,,i iat ional iese agvncies, s, ,,t 
whnol cremore than onc hat. ''h format of llic colnf'l:i'n'c W.5 smmitwbl 
11uno,t,, IndividLI:1 I a pr \Syre iTo t re.ad 11ut rai l r circul atc' eftloreic 
iiMecetinug and orally sulrl lari.'d ;It tile Confcr,.ILT by plreslt''CCd diiisS.l t:;, 

SsTvUeraI of Witow coll ,emIlt.A ics p roved o slimliiating aid orivil lihati icy 
iareinchldcI in this volum (chlapters 26:ind 27). MimS ,of ti e cotif'icc, iicrc. 

for', Was ti 'VoI c t %it111 itur l t ICItt a i'i 7 a1dit 'iolot,1zs ,isct s holl. 
i'ollowing the - Tonfccrce, coin t61rilutots werC asked Co r\'6Vw Jid i'e\.(c 

thir phlt in ttile (If ti ¢i iot is.'Te Weire ti it.-pci., igh i:Ce roVi.cd IuipiicrsV 1i, 
cd :tild t Iturneid o tie alllItt for t T w.\, api it staking, pI k,-s"'S ir fot'irt I 

,it ict\as 'ompield i975. As l ini h iihin, NovemIber tiht appemr itok, 
twcity-cighl papei's hive lic1 orgallitlivd j:llo six scliolis. The' vire p'r'ccdi'i 
b) ain htli'ntroduction (v 'ii tillas '11 A ll1h and Vet'ioll W. R ttllti) \dilich h iih
iitis the 11illn isSuI SiidisCtishi-d A th'e cOnfc'rCcc.
 

The first SVciiontill Iis hook: is \iVOtd t0 a Sries of .IItl', sof the,))'lJ'
 
111(cliviIy of4 ualiml l'sarcl'ii' xysI bouthll tvvcipd nldics lI'vchioped 
Coiunti rics. 'I'tit'i'e are iw palpci's oii tilt, iia~iti~ll tioni anid pl-iduCiC ntC ofr i'' 
search sys.leniin i l o111 I firs' (by- Yiijirr iMasao V0'c rirt t IIfdtanli and 

,\ki tlse rils the i ti J st'conha st i ) ' iy iltl- 2r,1; t .. ,,, 
(by Willis I.. PlCirso1i and JWoI.th C. Fithzhrrl) discusses Clie fcdcril,'statc sys
reitI in the Utlited SlaItcs. ThttC,1crC tsit tWto Il)lpCt-5 on ictirns to inv' Strintill 
hi ti'-icUl t lr; ul i hi o: iil lopiig to2lilt's, e li(112wii (l 

l'VXptitce (I)\' R Cd tlltrfIrd, .orge Ardiha, Anidrt!s Rocha , aid Ca rlos 'rrujil
hi) ald o c fitcusi.ig upon iitdia (by A,. ithliP N. Saxcli, it. K. Ifal, 
ald I.aYti:atli Jha), iTe finial Ilape' in thits section (ty Rced IHtertford aind-

l'S , .ch i o iiy ol holtllilliani 

.'-... .... . . .,4 4 4 < i: --- '4 44 
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Andre Sc................mt-....... 

:.'-_+oial. fo l daitlin. of, atl (11i il c 
onferenc , rc . 

onr¢iiderat ons illV' 

1 som e.of tile thcoret . 
VCLi ill, I It( cvali t inl 

.. 
. 

. .. 

L,~ :: ~ Th SCrC%:-: ::' I ' ''tlld SL-cliol ni udc's tzloc papetrs oil tileprollurlivily,(if loclolm-: . 
i~i:i+i':.::; iol ain Ircosoa cS,:.b W te m..i T'he."filst ppie,. (by IDalla C, DaliVilp ,) doc:uliii i( : :tile+niplict' ( t le Ch1,\ ...., d IR, I %arittaIlc\, 0p )ellt propran's whK '.nw. 

";r 

::". : . . 

. 

A 
" .... .!. :" :..i;and riceirodhuctihn ill Asia. A scold Impu r (by o e.:i I ¢iim)i v'st H.. Evlierofc: ii ¢Slrll rsuov \, d i 'in r iom difs,

-i- fo t\: .ans, wheal,nlad "is 
A t p e (al

so Il-k.. .li l). pr! it, + ; tes f dle ratt;.of retlurn to} tle re.sources in-" 

CSt i1 ITS'S T In•It IIpar ed aed CI TI Ycifete.1,fourth ipe l (byI I. Khiesliet 

ml ndlcilt is ofand dcenp acteo cic; llerat ofs pivledinresc alatConl ! .!bu 

: sistclnt w:ithi tile iistcorkcal CU\pl-ivlcc ruv\ino\,¢ ill tile cm'licr papers ill the(fir;;t 

Til e third Section is dnvtud ptathee m, i. ,ud de'.oc oivlft o1,f1.r, 
a ctien,l o h. r'cldtllrarsysi ' , I llltlx.'. Il'[l ie first Cltle.r (i). J iG.Cre rl'd) 111ct clo'cli,lli t of' vartiet l fopr n i r ftnnlti n1.nar cing rh(dit'ckhsti Atcs, slecrhnadc a, lby, Ford ;d ,ckfelreviews 

datiO std no, cvul hdii the COallltlti\,tv roun oil inietrnatlinal Africnll. 
tltra! fesorch. 

Cu tlilr 
vst ted i ler 
CnIMYT (l l-

l e ici .init ]i: li'en l oaed t c e v|,A1VhiCIp r (W;li. 
e a of ithe hrn aloal ;lolrIatiolh leS\Ile sin

t di lcto'nof IRRI (NyTC. Brtdy) and ti e dirctor+ f) 
r danson). Thdv lollclntho fCstahli lig ffecti' workil. 

-... ,: 
' 

...........: 

icl~iton~dl ; h t-cun h ntie mlnthf~ll1 mid l tmonltl :+ltpitlltillA rucrmch +Sx's-
l('nS isth'li rvvde'wed ( ) Sta2lilyi \Vl'llal.lii fil1 Ipc:r inllilissuc'iiom~ ~(vI,1urtonl,+1. Sw;1w :!m) pr, 1~mCI; p lri,+ll of tlict ili, u,.t of iht, IRIRI vril 

I, I l[Alilt l"& grt oVJMOitilt' .1IT pu'rm ertl. :1(id efiY ¢tVlillsS Of ,Oun.riaSleiie.ll eo,liudici at ththe te\rlri lpaiitptithsf 

Tile fon th ouclioll is devoted totislles )Ltaii1lg i anltlv f 'lttile m mizaliI'll 
,7n1t ral tjfC'Cna l ofr i+,tI l 1,1'.)C 'd jl si'st'., 'flie first pclpr(by A lhet 

. C At .r 1)r iltahlce s Ihuevelop ti, l of toordiniml(dl io llrg I'ci l rt,hfod i, i al s 
f"or i ng toieil fo d iit r es)p deorhcl (n. Two paelcrsI I ,nca l th( reflolm Io -I 
, l izi :1a1d 'l flnniniii d ythe ittat"yuc,r ohnpons: ill tilern ited Ki i cul. 

(i •rilo I" . 1re.l i' hl) 1(1 il r;rs il (by Jeh tccit .,lvoc i ISi .h A. A s ). 

Lai' ) i if1 i.[llell escatlcli p ro1 \ r tim fh tl lil iet ioc lc at i.. . .cyicc 

c itl the i l .it eOrof i R! (Nyle :.havd ) cid thel- ilrectrh r.f
's1 IvSll \).', (i a. I r. i 1a1I]ii). Ihep il c et'i ICsof.io effctI I i- rI iicr-

ItIta lli :] A SVM IIS )leroCel itrn I'¢WiiTifi ac t lr atio c tugC'iltc it h(]tel outl c d
elldt;e 1it d (i1c eiewe llb llSterltAldC 'l: and ) [vidl ;inklin) Ile fipindschkip 

t ill e'l' ItisCe tl IS(I Vi(.t l ol.r Shusln \) prci siaLclIvnit ant tvahtitoun
(o- tie li ltrof foI'tiraurmal nod,+.! .1a1 methods for'locaticef i cstplaper ill rcice 

'II ieif i) St .cilli amiiIlie 1thrOleo f -cololince d Scatorsia J;i ilrn

hi'u rvn otIco o c i i ioPhesf n ' ieprhe i e 

o t+'.. ' g ciiz g :ccd r fitili i i ci i I e c + +c re csv t "ecus in t 1)+lcii cc Ni'L+:1+I tic 

: 

+ 

' 

+"Ik+ r :: + 

•+U:; + ++* +++. (1w 'hllo I,. V.: l'bc cl t ac ic ltra il< + (byP+"*t+ Jui ' l<;+*+iiid+*e :: : liken' A.+++I+:?:+Alves).++p++ ++]+++++ ++, + astor +++:+H++[; ," + +'+ "# 
Nezt, le cnf riwitt c sctOr ilterac.io a a riciliaIrsiclic nin 
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pilpel (by MartinsearcI) resor'e 11oca/ions. 'I'lie fiMst F, Abel and I)C!Ele l 

WVelsch) oullilivs a theonre.ticail model fori 	 exploring tile reclative effects of enl
mIix on research resource allocation,r.iitoliiliieiit:il constraitits and e'otijodity 

Thle sccold paper (by John V. Mellor) is devoled to an cmpiric:d evalhmlion 

resource allocation to altiritiv,Ie
of.the-..e... ts"f ort -to-rclte iesarch 

as I 1 1 tInird p p (. J .i i .1o ...C.st.r .. goa.s s clis o absirtbi . ha 

Land('. IlAlward SebibI) flh use of iln icollOIlic mo0(dl to VStIibis reach;I'l 
piorities,ae oni az"uli( ita,is illostratd, The role of resouree eldow

nIeits and rcltive prices il indtcing tlie choic (f altcrnt ivc ipaths of Ieclini-

Cildli hange -tihat is,Iibor S:ving versois land si.illg - is dlcucihnte'd (IbI la" 

Aain de jmm r') preSenls :I1"p Illnsw;Ilagei). The fil l p:Ipr ilthis Section (Ivy 

.heoretical mon del of di;llectical intertct iii bINiwlen tCchic;d :11nd institutiion
re re- " 

al cha1gm inl agriulture which suiigcsl s 	 importanl t directions folr fut 

search. 
The finlal sCtiOli is dC(Ited to distlssiOt (Ifth1e resArT'h stri;tcg, and niai

. n'toftw i..truationdrivscald. syqm'agement issics that will affect ,JhI0' 


and ti II Ci\-it\f1nlt 1.11ic"eal'ci : p:pIit'r
The first (bv A. T, 
tilev lill 

the inrlteioitiovl 'lu, A e. i'ssl v (bV lhehltldre VW. ScnluhI,) focusesMosIC') i dievoted to :1disniqosill of onre;olved issues ill \alilltin 

the prnsiCIS f h a;" 
Criawfoid) theI,poic, and 

on tile role 'fccuni inliC i icy in inflti 	 ci i1oi gamils from 

riemillral e.,varuli.lii the final pap(r (by .1. (L 

prol lms facilig tile ConsuIh;ttive (,itil on Iot C1r: ionUl AjpriciItu a I'l SC.llI 

and its Tchnical Advikorv Colmmittce in their efforts to st",lngthe nititoid 

Mid i ii a icinlI resc reb.- re reviewe', 

hliied illthis volile enIllllt, iof c r fo111v hIy .•liTe pilvt, hl tieh AMi)Ic 	 'iief, -Itit1 . - .aitdriclii aieleu ionuyci ui ferco ce. I a mit IiiiI\ le inificarncit ni 
;rgillI 

... ec 

hli,,tossio ns were ii :de aninI 'y lkihtrd la h1w i i if ac nt ribI tinns tilmc 

- Inc.4 IoL Itermtcil Of the U.S. Agecllyco' 1terlational l pmeit Johnfinl 

I, Coulter i"tile Co wsultatlve Groo p oi I Itmrlut ii'nlaAl riihti rlil c.lrdl 

(;eorge I)alilll, Ji t. IM vii, Raj ia,aid M oti;ev 'I i h imaIllran Kris u cld 

thle VWOrld lItiiih,; M, MelC)0ooald IJow of die( Nhtt jona'l AC.tdcmri~v oif Stimrs 

\ahter I.. l'isiel it'Cthe U.S.: !cl)partieni tf AItriculitirue; 1,\%( , . lai die- f 

tii D.ivid IHpper mif tlie atrlitilmlD)evclpoIL-t II cthe Iold I: onl i; it e :lm 

scaich Centro; IRichaid Nelsom of V.le Univcrsity; Peter Oriimi o tt'hehiod 

Illd Agriculture Orgnizatiion of thr Ui,i'wd Natiolns; S. J. \VWeter of the Mill

e It,V p 0(nirte Uii ted Ki n!dolli; A. M, \Veislahli ftlilettOfr rIi)cVlOt oCi 
Aglr ictlh IJvclop Cooiil, Inc.; alld F. It. W ittillct'tt Of tle PalkertlrmI (cot n 

'e, Co, 
I I infet gilvIn inpcllli 

iv t ils Ii'llt" t.1 mn isi iillnThe A iiic ime liece was cOiiSidCeYrfiei S 01141I;A k
go iili ld liunte i1tcl) d aid disco lsed at cmlil i oilti 
.esirct Allocation ili AglrilihII ll. held ;it the UniiilrJh of ,Mlilille-Realrchl 

+
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so la n Ferltry resultstIf I osnft c h,li focu.s-dI '1 V9.1T lie IVM illIne c lllL, which 

oil llN.;til of the stitl' isst3s seledt'iltll tAirie House b.'out dolu stc 

.	 (Uilted States) viewpoint, wereIpblishd in a bok edilted b W'ldr I ishe : 

In entited f6.swo'ce ,Aloctiont, h-AgricuIltlni esco'b 'Miune;ipolts: Urn.t 

vi"siIty of Minnlitsotl Press, 1971). 

research carried out :a t non profitiilistltins-:d Su-pported p ia thy w1ih 
*pIublic or philanthropic funds imil, to a lesser cxtent, to research tidueled 

Iy Irivate'Ifi"Ms, It is recog li;'ed, l l owever, that sigiliflcant teeltical improve

lwltnlts also result infolmal research bv farllers' lhemselvts or by "1my froill 
StMil, locial firms. Simple Selecion of"iliprlovd varieties of Cceds; has tradi

30 nlally teenl all imp ort nt soo ree of vm-octal dc\-cl :pmtti and yiteldh crease,. 
Iln It field of metItTh:liiVAil tCChinlhllo, silple hit eff(ctive ueeh:ilical devices 
invenIited ly Ca)unitrS (r 1IIch lltics,' stklit.s small irrigt t ion and Culivait ion 

eq Ui1ieIII , 't i to prCIi6Int ll'f h1C t d els ftIr qC1ipotent11 ( t Icred 
tI t no fli('lt Ibyhyicr firms. 'Ihe w,il of Ih tiniimil andurcd, and mi:'kcthtd 
intern:ttional rce;eath pro'rgr insni in:t castes Itlds oi this ildi)l;\,otft s (.'Ch-

Iology. 'l'hus ssbile little iSsAid :lbuttt inforiual rsc.artch ill tlis volume, its po

tent i:d inipoit tc'.$1 t 333:Jliiid not 11o t'ecog iied. 

The s,tttre : if puilic !"lict:lirml rest'avcrl differs stilcwlh3:3i ellct le 

tic IS;Icdevhlped n;ll 

is eontduttled hotll tytinistlics t dt'vmnents) of :igrictl tore 


* 	 devetlt'ohdped ;uhl io. Its the d-velopcd c,lttritt.s, r'eaeul 

Ir Md I V cl' 

ICet'et. lid t t rs i s. Itl It cIt ipi tig ntiit tn s, rec tlt Iils tradito I3:1lv 

IWeti 13ttcli 3 t'.lratted in spairi artsld of illiinore sliln l\, cl1t 	 b istrics 

of g etliti t or in ll l ow lttills C411tttlitv Wftld teIct'elrt i lStitll cs. (2o 
] 

e i ci tto rc d1 i t 3tt'ie t isti allY coItt'tillIte'd tiltl : Ie3 1 Lt ii evcI l itt It e 
t ollh 1i1son C C;I('3 h.w tll'sig ii (th1eIva eh itng, ;III 	 S e Uv \ V cai 311 r fst irch 

If(ipular ricc \,ririt'v C.1- 3, foir insl iate., was dc\L1l pcd I iv Ilht Collvs'pt' of A,!ri' 

cdtlltti at incisitv (if tdma well pIll\vithe the Philippines) c lpttycr rlC ill 

the fiture. A I:tir oitt"Arltuiclaion (if the It tli hiinl Se'In1 Will Othtr 

l/ciiotin,! M i:1(1 lnit] riitv,'' by lo" Irilo was orniinalOr~ii~ui~tioiins: Mhtitsrt 

1, selickdt lkcd lot 1t licti:il31ee ce, tlutti i 'll t '3:\ Di. I)ion, for i,:(Stit lie

votld his con'lrd, was utablt. lo Ile'lare the Ipt'l.or to prliiciplic il3the dis

e\'. ;Ilst.ft t ilt, i ieth iC fol-Lctses (111 OW ilwotul like )Clh3111I "1/ wtM Itis k'uilI.. purtaincet. of iniprovcld telthtiolny itl pi ',s of ththt 	 1riultuilel'opt-ni, 
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Coordinated National Research Projects
 
for Improving Food Crop Production
 

Albert H. Mosetan 

The coordinated, multidisciplinary, problem-oriented research project to im
prove food crop production is a most effective instrument for accelerating the 
evolution of useful technology. It provides the basic patterns and components 
necessary for developing more comprehensive national research capabilities to 
serve the agricultural development objectives of a country. 

Agricultural scientists have had many decades of experience with coordi
nated national research projects 
 in the advanced nations. And, particularly 
since the green revolution of the mid-1960s, the scientific community has ac
cumulated a number of ycars' experience with such projects in a number of 
developing nations. Recent endeavors in research on food crop production 
demonstrate that the objective of establishing a sustained national research 
capability in developing countries is difficult to achieve, that insufficient at
tention has been directed to it, and that special long-term efforts are needed. 

CoordinatedNational Research Projects 
in Agriculturally Advanced Nations 

Agricultural Research in the United States 
In the middle 1800s it was recognized that the United States should not 

deper. i upon European agricultural research for its development efforts but 
should build a national capability. The land grants to the respective states and 

367 
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the legislation establishing the USDA in 1862 are critical points in the evolu
tion of our national research system. 

For the balance of the nineteenth century and through the early 1900s 
agricultural research in the United States was rather unstructured. It consisted 
of independent and isolated studies by research workers in the USDA, the 
state colleges or experiment stations, and other institutions. The history of re
search on hetcrosis, or hybrid vigor, in corn into the early 1920s illustrates 
this fragmented and individualized approach to agricultural science. 

The coordinated national corn improvement research program established 
in 1925 under the Purnell Act was the first attempt to concentrate resources 
of the states and the federal government in a fully' cooperative effort. 1 This 
was followed by similar coordinated projects for wheat, oats, barley, etc.,

2 
during the 1930s. 

A number of coordinated national crop improvement research projects in 
the United States were rcgionaliz,,d, with the wheat research regions developed 
around the classes of wheat grown in the different parts of the country and 
with rice research directed specifically to the pattern of rice production suit
ed to California rather than the Gulf states of Texas, Louisiana, and Arkan
sas. 3 The national corn research program was strengthened, with a new re
gional component, through the establishment of the special state-federal 
coordinated project for the South and the Southeast. This regional effort was 
initiated in 1945, twenty years after the initial coordinated program for corn 
improvement research was established for the central "Corn Belt" states in 
1925. 

The coordinated national research projects not only recognized the im
portance of regional needs but also provided for more precise location-specific 
research, conducted by the state agricultural experiment stations through 
studies that were in addition to - yet closely associated with - the total na
tional or regional research efforts. 

The present organizational structure of the coordinated national crop im
provement research projects is less distinct than it was twenty-five years ago 
as a result of the increased involvement of the private sector and the increased 
autonomy of the research of the individual state agricultural experiment sta
tions. The reorganization of the USDA's Research Service in 1972, with its 
regional administrative pattern, also has tended to obscure and perhaps com
plicate the relationships between the federal Agricultural Research Service 
and the state experiment stions as well as bctween the federal administra
tive regions themselves. However, the coordinated national research projects 
with their regional, state, and localized research focus- functioned effective
ly during the time when the United States was building its total national 
capacity for agricultural research and supplied the base for the more autono
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efforts of the present. Of special significance ismous, independent research 

their impact in creating an awareness of the need to give continuing, concur

or potential restraints faced byrent attention to the many varied hazards 
the projects furnished the base for multidiscifarmers. In signaling this need, 

plinary team research. 

Agricultural Research in Japan 

The experience in Japan is similar to that of the United States. 4 The em

phasis, early, in the Meiji restoration period of the 1860s, was on the introduc

tion of advanced technology from Europe. This was followed by a concerted 

effort to develop indigenous capabilities during the 1880s. The research in 

Japan continued into the 1920s on a fragmented basis and depended on farm

er innovations for improved varieties. 

Japan established national coordinated crop-breeding programs under the 

for wheat in 1926, for rice in 1927, and forAssigned Experiment System 

other crops and livestock in subsequent years. This was almost the identical 

time schedule followed in the United States, and in both Japan and the 
on re-United States the coordinated national projects provided for research 

gional, state, or prefectural problems within the coordinated national struc

ture. 

Some Attributes of Coordinated National Research Projects 

national research projects make the most effective and ef-The coordinated 
ficient use of research resources. They facilitate the prompt and continuous 

knowledge and materials among research workers of theinterchange of new 

central government, the stater or prefectures, and the private sector. The proj

or regional concernects provide for research on problems of broad national 

as well as on those that are location-specific. The national projects also facili

tate the introduction and testing of knowledge and materials from abroad. 

to the research organization patternThe foregoing benefits were common 
States and Japan. The development of thethat evolved in both the United 

coordinated national project structure in the two countries was similar in tim

independent judgments, since international coning and form but reflected 
in agriculture were limittacts and communications on research organization 


ed before the 1930s.
 

Coordinated National Research Projects in Developing Nations 

Research Resources in Developing Nations 

War il or in the colonialResearch in the developing nations before World 
and was carried out primarily in cenperiod was strongly commodity-oriented 
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tralized research institutes such as those for rubber in Malaya and sugar in In
5 

dia and Indonesia. 

After independence, research in these countries was seriously disrupted, as 

expatriate scientists departed and new national government leaders gave prior

ity to nonagricultural development. Agricultural research received no signifi

cant support for a decade or more in many new nations, up until the late 

1960s. 

Research in Technical and Economic Assistance Projects 

The primary emphasis in technical assistance for agricultural development, 

as supported by the private foundations, bilateral national programs, and in

ternational agencies following World War II, was on the introduction and test

ing of materials and practices from agriculturally advanced nations. This pro

cess was followed for about fifteen years - until the era of the green revolu

tion - even though the earlier expci ience with agricultural development in the 

United States and Japan had fully demonstrated that the direct introduction 

of materials and farming methods from abroad had limited potential. 

Even the few cooperative technical assistance efforts that were research

based- such as tile Rockefeller Foundation programs in Mexico, Colombia, 

and Chile - emphasized developing improved technology as rapidly as possi

ble; limited attention was given to indigenous organizational structure or the 

links between national, state, and university institutions. ileadquarters re

search centers were developed in Mexico at Chapingo, in Colombia at Tibaitata, 

and in Chile near Santiago, with regional stations in each country. These or

ganizations had a highly centralized leadership structure, the regional or out

lying stations serving primarily for testing or evaluation. The lack of trained 

personnel and a national institutional structure for research and agricultural 

education at the college or university level in Latin America precluded the 
development of effective federal-state coordinated research projects during 
the period between 1940 and 1950. 

The cooperative Rockefeller Foundation program in agriculture in India, 

from its beginning in 1957, focused on developing coordinated national and 
regional research on maize, sorghum, and millets. Participants included the 

Indian Council of Agricultural Research, the Indian Agricultural Research In

stitute, tile state governments, and the agricultural universities. The situation 
in India was different from that in Latin American countries, since India had 

(1) well-established research institutes, (2) the Indian Council of Agricultural 
Research which, at the time of independence in 1947, had been functioning 
for about twenty years, and (3) an emerging agricultural university structure, 

supported by USAID, that was developing concurrently with the cooperative 

Rockefeller Foundation-supported projects for crop improvement research. 
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The coordinated corn improvement research project established in the 

United States in 1925 and tile assigned experiment systems established in 

Japan for wheat in 1926 and rice in 1927 furnished patterns in these coun

tries for developing research on a coordinated national basis for other crops, 

livestock, and noncommodity problems. Similarly, the coordinated maize im

provement scheme initiated in India in 1957 furnished apattern for national 

coordinated schemes for sorghums and millets, wheat, rice, and other crops 

as well as for noncommodity research projects that have been developed ill 

India in recent years. Many of these are still in the process of being established 

and are undergoing the usual stresses involved in developing cooperating rcla

tionships between participating scientists and participating institutions, but 

they are well conceived and soundly formulated. 

The accelerated wheat production scheme in Pakistan functioned effective

ly during the period from 1965 through 1969 when it had substantial exter

nal funding and external coordinating leadership furnished by the Ford Foun

dation. Ilowever, the coordinated effort deteriorated after 1969 as the result 

of several factors including (1) diminished interest and support from the cen

tral and state governments, (2) the division of the west wing of Pakistan into 

the four provinces of the Punjab, Sind, Baluchistan, and the Northwest Fron

tier Province in 1970, and (3) the continuing political stresses and diversions 

resulting from relationships with India and the formation of Bangladesh in 

1971. The strengthening and reorganization of the Pakistan Council of Agri

cultural Research, now under way with support from USAII), should help in 

the restructuring of the wheat project. Moreover it should serve as a pilot ef

fort, or pattern, for other coordinated national research schemes in Pakistan. 

The wheat research and training project initiated in Turkey in 1969 with 

cooperative support from the Rockefeller Foundation has made good prog

ress in the development of staff, in the improvement of research facilities, and 

in providing an interdisciplinary approach to crop improvement and to agro

nomic and epidemiological research on a national basis. It also has developed 

effective cooperation with other countries in the region, especially in crop 

breeding and disease research. It was recognized when this project was initiat

ed that it should be continued for a period of ten years. It appears that this is 

the minimum time required for the formation of a self-sustaining national 

coordinated project. A principal uncertainty at this time is whether a suitable 

institutional base for the project can be provided within the government to 

furnish the personnel policies, administrative procedures, and stable financial 

support necessary to ensure continued viability. 

Rice breeding and improvement in Thailand has progressed effectively 

since the Rice Department was established as a separate organizational unit in 

the Ministry of Agriculture in the early 1950s. Although the Rice Department 



372 MOSEMAN 

and the Department of Agriculture were merged in 1972, the base of experi

ment stations throughout the country, the complement of well-trained person

nel, and the working experience that has been gained over the past twenty 

years should make possible a sustained, productive national rice research proj

ect. This project also furnishes a pattern for the strengthening of other agri

cultural research in Thailand. 
The national rice research program in Indonesia, established in 1970, has 

progressed rather slowly in establishing a coordinated national capability. 

This program was reviewed in 1974. A new unit that is to be set up to coordi

nate all research within the Ministry of Agriculture should be helpful in ac

celerating the development of a coordinated national rice research project in 

Indonesia. 
The Bangladesh Rice Research Institute, established as an autonomous 

body by act of Parliament in May 1973 (but in the process of formation since 

1968), has been adversely affected by the political conflicts attendant upon 

and following the country's independence, gained in 1971. Ilowever, substan

tial progress has been made in developing the facilities at Joydevpur, in train

ing staff, and in getting a multidisciplinary research program under way. The 

BRRI is perhaps the strongest of the national research projects in Bangladesh 

and should be given priority attention so that it may serve as a pattern for 

other research which will be strengthened under the newly authorized (1973) 

Bangladesh Council for Agricultural Research. 

It is interesting to note that the Department of Agriculture and Natural 

Resources of the Philippines, which is responsible for national crop improve

ment and production research, had no research scientist trained to the Ph.D. 

level on its staff working on either rice research or corn improvement re

search at the time of the Presidential Decree of November 1972 which set up 

the Philippine Council for Agricultural Research. This was more than ten 

years after the International Rice Research Institute was established at Los 

Bafios with a complement of international scientists, and more than fifteen 

years after Dr. 1-. K. Ilayes and others had been in the Philippines to help 

strengthen the country's corn improvement research capability. It is expected 

that coordinated research projects for rice and corn will be set up on a more 

effective national basis under the Philippine Council of Agricultural Research. 

The long delay in developing this type of national institutional capability, in 

a country that has received substantial technical assistance for agricultural de

velopment for more than twenty years, points up the need for direct and 

specific attention to this objective. 
Indonesia is another country where external assistance has been furnished 

to develop corn production over a period of many years but where inade
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quate attention has been given to the building of an indigenous organization 
for asustained national corn improvement research program. 

The foregoing examples have been selected to illustrate the importance of 
devoting specific attention to the building of an organizational or institution
al capability in the developing nation -as an integral part of a cooperative 
technical assistance effort in research to increase crop production. The poten
tials and restraints in each country will differ, but these are being assessed in 
many countries and the experience of the developing national food crop re
search projects in India, Pakistan, Bangladesh, Thailand, Indonesia, and the 
Philippines, as well as in other developing nations of the world, should be use
ful in contending with restraints in the building of such capabilities. 

International Dimensions of Coordinated 
National Research Projects 

Coordinated national crop improvement projects of the United States have 
furnished materials, consultation, and other assistance in strengthening co
ordinated national research projects in other countries. Germ plasm and con
sulting services were provided by the national rice improvement project of the 
United States to the cooperative program of the Rockefeller Foundation and 
the government of Colombia when they initiated the rice improvement re
search program in that country in 1957. The varietal collection from the 
United States also composed the base for the rice germ plasm reservoir that 
has been further developed by IRRI. 

The introduction of hybrid corn into Europe following World War I! was 
accomplished through the cooperative support of the United States national 
coordinated corn improvement program. This involved the furnishing of in
bred lines, assistance in setting up procedures for evaluating the various hy
brid combinations, and help in developing effective seed production organiza
tions in various European countries. 

During its early years, the wheat improvement research initiated in Mexico 
with the assistance of the Rockefeller Foundation in 1943 utilized the disease
resistant spring wheat varieties developed in the United States hard red spring 
wheat research project - a regional component of the coordinated national 
wheat research program. Subsequently, the Norin selections which were in
troduced into the United States from Japan after World War II and which 
were used to develop outstanding, high-yielding varieties for the Pacific North
west region were made available to the national wheat research program in 
Mexico. The short-strawed, high-yielding Norin germ plasm performed equal
ly well in the hybrids and the selections produced in Mexico. 6 

The cooperation which extended from the national wheat improvement 
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project in Mexico into the countries of the Near and Middle East, through 

support from the Rockefeller Foundation and the FAO, carried this germ 

plasm into these countries in the early 1960s. Vire inclusion of wheat research 

Rockefeller Foundation cooperative agricultural scias a component of the 

ences program in India in 1963 furnished the base for the wheat component 

of the green revolution in Asia. Since they evolved in the coordinated nation

al wheat improvement research projects in Japan, the United States, and Mex

ico, it might be more appropriate to refer to the high-yielding varieties of the 

green revolution period as the "japanese-United States-Mexican Wheats." 

Strengtbening Coordinated NationalResearch
 
Projects in Developing Nations
 

research projects do not emerge automatically fromCoordinated national 

technical assistance support that is geared primarily to the objective of creat

improved varieties. Experience with intensive or accelerated croping new, 
as well as with more recent specific efforts to developproduction projects 

coordinated national research projects has helped to identify some of the re

straints to the formation of a self-sustaining capability when external assis

tance has been terminated. 

The National Commitment 

National government leaders, including research officers, generally do not 

understand the kind of organization required to carry on an integrated re

national basis. In countries where agricultural research hassearch effort on a 

or has been carried out as a series of isolated projects assigned tobeen limited 
a coordinatedsingle-discipline specialists, it is usually necessary to operate 

national project for several years in order to demonstrate the professional and 

administrative relationships involved. In most cases the requisite manpower 

in the constituent disciplines is not available. Where both manpower and 

a period of eight to ten years is usually requiredfacilities mu.t be developed, 

for the establishment of an effectively operating national research project 

which can produce the kind of results that will attract the commitment and 

support of government leaders. 

The Organizational Base 

It is not reasonable to expect a coordinated national research project to 

develop fully or to remain viable if (1) it is given essentially full autonomy 

and has no linkage to the central government or (2) it is connected with a col

lege of agriculture, university, or other agency which does not have recog

nized national responsibility for the subject research. In most countries it is 

the Ministry of Agriculture which has both the responsibility and the funding 



COORDINATED NATIONAL RESEARC1h PROJFECTS 375 

authority for research of national scope. There are numerous examples of 
technical assistance efforts for crop improvement where the institutional 
linkage has been ill advised; "national research centers" for selected com
modities have been set up at isolated field stations or in affiliation with 
colleges of agriculture under circumstances that hinder the prospects for ful
filling "national" objectives. 

Institutional Collaboration 

A coordinated national research project requires not only awell-equipped 

and well-staffed headquarters station but also research facilities in the princi

pal regions of the country where the crop is important. In the United States 
the presence of state agricultural experiment stations and their substations 

facilitated the development of well-integrated projects that could give atten

tion to specific localized problems as well as to those of regional and national 

concern. In the Unitcd States a substantial number of federal field experi

ment stations also have been established to ensure that concerted attention is 

devoted to the more critical aspects of a given crop improvement effort. The 

national federal-state research station networks for coordinated national re
search have been evolving for more than a century. 

In developing nations it is essential not only to establish the national re

search project on the right organizational base but also to utilize the comple

mentary resources in the states or prefectures, the colleges of agriculture, and 

private research organizations. Where such complementary resources are in

adequate they can be strengthened or developed through financial and staff 

support from the coordinated national program. This was done in the coordi

nated research schemes for maize, wheat, and rice in India, where the work 

in the major producing regions was tied into the emerging agricultural uni

versity experiment stations. Similarly, the coordinated national research proj

ects that are bing established under the Philippine Council of Agricultural 

Research are planned to include increasing participation by the colleges of 

agriculture and private research institutes. It is desirable to develop a formal 

agreement for the cooperative effort which spells out the contributions of 

the participating organizations, rot only to minimize uncertainties but also 

to furnish adegree of continuity and stability to the project. 

Interdisciplinary Collaboration 

In many developing countries the crop improvement research has been the 

primary responsibility of an economic botanist, with little collaboration or 

participation from scientists in the allied disciplines concerned with diseases, 

insects, plant nutrition, weed control, or cultural practices. And the role of 

agricultural economists is still not well appreciated in coordinated interdisci

plinary projects, even in the more agriculturally advanced nations. 
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An interdisciplinary research team will be established only if its leaders 

(1) identify the nature and relative importance of the particular problems a 

given country faces in respect to crop improvement and (2) include scientists 

with appropriate specializations on the team. And the mix of scientists will 

not remain in proper balance unless continued attention isgiven to the make

up of the research team. 
The multidisciplinary functioning of an integrated research project can be 

achieved relatively easily in a single institute where all participants ar. ',.,ated 

on one campus and can be brought together frequently. It is more difficult, 

but equally important, to provide for the interdisciplinary mix of scientists 

in a research project whose units are geographically dispersed across a nation. 

At the same time, such staffing may be particularly effective in addressing 

specific problems. Pathologists can be located in regions where diseases are 

most prevalent, entomologists can be assigned to stations in areas afflicted 

with major insect problems, and senior personnel in the various disciplines 

can be posted at different locations to furnish coordinating leadership to the 

integrated research.
 

Coordinating Leadership 

A coordinated national project requires a full-time director. Although the 

project director should not be assigned other unrelated duties, it isdesirable 

that he be aworking scientist carrying out significant research in a consituent 
disciplinary or problem area. 

The project director should not be selected on the basis of seniority, but 

should have the experience, professional capability, and personal attributes 
that allow him to be accepted by his colleagues. The project director must un
derstand the importance of the component disciplines, ensure that attention 

is given to all relevant problem areas, and furnish continuing leadership to the 
national project through the planning, implementation, summarization, and 

evaluation stages. It is essential that he be able to visit the field and laboratory 
experiments as frequently as necessary to be informed of the progress of the 

research underway. lie must work effectively not only with his research col
leagues but also with the scientific and administrative leadership within the 
government, with the staffs of nongovernmental institutions that may be 
collaborating, and with external assistance agencies. 

The identification and selection of capable leadership is particularly criti
cal in establishing coordinated national research projects, since the experience 

with such projects is usually lacking among the scientific personnel in most 

developing nations. Advanced academic training to a Ph.D. degree does not 

necessarily impart the traits and competence required. 
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Personnel and Manpower Development 

It isrelatively simple to determine the professional and technical manpower 
needs for a coordinated national research project. The manpower develop
ment or training activities should be pursued in a systematic manner in order 
to provide the numbers of persons in the different disciplines, at the various 
levels of training required, who will furnish the competence necessary at 
headquarters and at the principal field locations. Although there is bound to 
be some loss of staff to other institutions or to other projects, definite targets 
should be set for the numbers of scientists to be trained to the undergraduate 
degree, thc M.S., and the Ph.D. levels in each of the disciplines and for the 
technical or supporting staff required to carry on a coordinated national re
search project at the optimum level. The staff development program should 
be projected over a ten-year period so that an effective staff complement can 
be developed. 

Facilities 

Field stations and laboratories for research in most developing nations usu
ally are not suited for reliable experimentation. The tendency in the past de
cade for technical assistance or funding agencies to establish independent re
search projects or to require a research and training component in separate 
major development schemes has resulted in the setting up, in many develop
ing countries, of research units that are geographically scattered and institu
tionally isolated. It is still common practice for most technical assistance or 
lending projects to be developed around one or a few commodities or prob
lem areas, with the research facilities planned only for such specific activity. 

More attention should be given to the planning of coordinated national re
search projects on the various commodities within a national research system 
or organizational framework so that there may be combined support for mu
tually necessary facilities at a national headquarters, at selected regional loca
tions, and in the various localities or microccological areas. This would help 
to avoid the popular tendency to overbuild and duplicate stations, laborato
ries, and costly items of equipment. 

Administrative Management 
Developing nations tend to retain the administrative procedures followed 

during their colonial years. As a result, the recruitment and management of 
personnel, procurement practices, and other administrative activities fre
quently are not well suited for national development projects, including re
search. Governments are reluctant to give any special consideration to salaries, 
to the promotion of scientific personnel on the basis of performance rather 
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than seniority, or to flexibility in the procurement of equipment and sup
plies. 

It is difficult to establish -and maintain - the concept that in a research 
organization the administrative functions must be carried out in such a man
ner that research is facilitated rather than controlled. Any deviations from 
usual government procedures are difficult to furnish for a single selected 
project, even one of a coordinated multiinstitutional type which is national in 
scope. For this reason increasing attention has been given to the establish
ment of national research organizations on a semiautonomous or autonomous 
basis, with their own boards of directors and scientific councils offering guid
ance in administrative matters and on technical programs. 

It would be difficult to establish a viable department of chemistry for col
lege-level education outside of the framework of a university. Similarly, it is 
difficult to establish a single national crop improvement project outside of 
the institutional framework of a broader research organization. Clearly it is 
advantageous for the coordinated national research projects on individual 
commodities to be combined under a unified national agricultural research 
organization which would supply the type of administrative management that 
would ensure a reasonable degree of institutional stability. 

Funding 

Biological research is long term in nature, most projects requiring three to 
five years before they can produce useful and reliable information and materi
als. The financial support for research in most developing nations is furnished 
almost entirely by government, primarily from the central government re
sources. 

It has been difficult to arrange for long-term funding for agricultural 
research in the agriculturally advanced nations. It is equally difficult in de
veloping countries, although some progress has been made in establishing 
autonomous or semiautonomous national research organizations with fund
ing handled outside of the regular governmental channels. Tile Philippine 
Council of Agricultural Research is closely aligned with the National Science 
and )evelopment Board, which offers some flexibility in financial manage
ment. The Malaysian Agricultural Research and Development Institute has a 
separate "MARDI Fund," established under the authorizing legislation, which 
is designed to furnish a high degree of flexibility in the management of funds 
under the jurisdiction of the governing board. The MARDI Fund has not yet 
been permitted to function as intended, but it does offer a potentially work
able pattern for such national research organizations. 

The provision of research funds through special cesses or taxes on the indi
vidual commodity is attractive to some, particularly in the case of such cash 
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crops as rubber or oil palm, for which the collection of an export tax is rela
tively simple. This would be more difficult in the case of food grains or as a 
source of funding for noncommodity research problems, which are too often 
neglected. A preferred procedure for funding would be to develop a commit
ment a.nd responsibility on the part of the national government, with a con
comitant recognition that the investment in agricultural research is an essen
tial component in any national development process. 

External Support and Collaboration 

Although many technical and economic assistance organizations have be
come increasingly interested in strengthening research in developing coun
tries, the nature and magnitude of such support are still uncertain. 

More careful attention should be given, particularly by lending institu
tions, to the size of investment in a national research project or organization 
that can be justifiLd within the economic base of the host country. Time is as 
critical as money in developing a self-sustaining national agricultural research 
capability, when one considers the number of years rcquired for training sci
entific personnel, for building and equipping experiment stations and labora
tories, and for developing institutional and multidisciplinary cooperation into 

a compatible operation. The size of the investment in buildings, equipment, 
expatriate technical or scientific personnel, staff development, and other 

components should be held to a reasonable minimum to avoid premature dis

appointment of goveinment officials with the costs and returns aspects of re
search. 

There is usually a need for external, experienced scientific leadership in 

planning and developing a coordinated nation, search project. Many de
veloping countries will reject this notior arguinb that such leadership can be 
supplied by already available senior and experienced persons or by individuals 
recently trained to the Ph.D. level in overseas universities. Although some of 

these people may have the capability to furnish effective planning and coordi
nating leadership, it is commonly found that senior personnel in developing 
countries are inflexible in adjusting to a teamwork approach while recently 
returned Ph.D.'s tend to lack research organization and management experi
ence. Scientists who have worked primarily in a strongly discipline-oriented 
organization face a substantial adjustment if they assume responsibility for a 

national multidisciplinary research project. In some recent cases where uni

versity professors were recruited to furnish coordinating leadership for such 

a research project they had difficulty in conceptualizing an effort that in

volved the full working partnership of scientists from several disciplines and 
tended to revert to an emphasis on research along the single-discipline lines 
with which they were familiar in the academic setting. 
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External financial support and some level of technical guidance should be 

continued for a period of at least eight to ten years in order to ensure the 
formation of a stable, self-sustaining project. The externdl input should be 
substantial for the initial five or six years, after which time there can be a 
gradual phasing down and out. 

There should be continuous dialogue with the appropriate officials in 
government to ensure not only that the full government commitments of 
funds and other resources are met but also that necessary action is taken to 
develop the institutional and organizational structure required for a self
sustaining project when external support is withdrawn. 

'i addition to the international agricultural research institutes, other inter
national technical assistance organizations- including the IBRD, UNDP, 
USAID, and other national or bilateral organizations - are giving more atten
tion to the development of national agricultural research organizations and 

systems as well as to specific coordinated national research projects for select

ed commodities. It can be expected that, as cooperating technical assistance 
is increasingly concentrated on this objective, national research capabilities, 

both on a selected project or commodity basis and on a "national system" 

basis, will be strengthened in many of the developing countries over the next 
decade. 

NOTES 

I. The organization and functioning of the cooperative corn impro.ement research 
program is discussed in Herbert K. Ilayes, A Professor's Story of Hybrid Con? (Minne
apolis: Burgess, 1963). 

2. The experiences in wheat research that lead to the workers' conferences in 1929 
and 1930 which planned the cooperative hard red winter wheat improvement program 
are reviewed by L. P. Reitz and S. C. Salmon, Hard Red Winter Wbeat Inprovement in 
the Plains,USDA Technical Bulletin no. 1192 (Washington, D.C.: USDA, 1969). 

3. The development of coordinated commodity research systems in the United States 
is discussed in greater detail in Albert If. Moseman, Building Agricultural Researcb Sys
tents in tbe Developing Nations (New York: Agricultural Development Council, Inc., 

1970). 

4. See chapter 2 in this volume. Also Yujiro Ilayami in association with Masakatsu 

Akino, Masahiko Shintani, and Saburo Yamada, A Century of Agricultural Growth in 
Modern Japan! Its Relevance to Asian Development (Minneapolis and Tokyo: University 
of Minnesota Press and Tokyo University Press, 1975). 

5. For information on national agricultural research systems see Albert II. Moseman, 
ed., National Agricultural Research Systents in Asia (New York: Agricultural Develop
ment Council, Inc., 1971); John J. McKelvey, Jr., ed., African Agricultural Researcb Ca
pabilities (Washington, D.C.: National Academy of Sciences, 1974). 

6. The source and progressive use of the semidwarf wheats are discussed in L. P. Reitz 
and S. C. Salmon, "Origin, History, and Use of Norin Wheat," Crop Science, 8 (Novem
her-December 1968), 686-689. 
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Contract Agricultural Research
 
and Its Effect on Management
 

Tilo L. V. Ulbricht 

The Rothschild Report published by the U.K. government in 1971 recom
mended the application of the customer-contractor principle to some of the 
work carried out by the research councils.1 It was apersonal report by Lord 
Rothschild, head of the Central Policy Review Staff in the Cabinet Office, 
which advises the Cabinet on long-term policy (popularly known as the 
"Think-Tank"). The effect of the proposals on the Agricultural Research 
Council (ARC) was that, in the future, most of its funds would conic in the 
form of contracts or commissions for specific applied research from the 
Ministry of Agriculture, Fisheries and Food (MAFF). To appreciate this re
port and the stormy debate which followcd, some background is necessary. 

In common with other research councils, and with many research organiza
tions in developed countries, the Agricultural Research Council expanded 

greatly after World War Ii. The number of graduate scientists employed in
creased from 440 in 1948 to 1,280 in 1970. At the time of the Rothschild 
Report, the ARC was financed by the l)epartment of Education and Science, 
which was advised on its budget by the Council for Scientific Policy. This 
council, in dealing with the research councils, was mainly concerned with 

strategic and fundamental research, although the ARC in particular had al
ways engaged in applied research also. 2 MAFF, although represented on the 
ARC's council (its top executive body) and on many of its committees, want

381 
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ed a more direct say in its affairs, and it was this, among other factors, which 
led to the Rothschild Report. 

At the same time, it would be a mistake to look upon this report and the 
debate which followed as an isolated phenomenon. It could not have occurred 
ten, possibly even five years earlier. But since then the rapid increase in the 
funds devoted to research has been drawing to a close in most developed 
countries; governments have increasingly had doubts about the benefits that 
their countries were deriving from all this research; and the public has been 
increasingly concerned not only about pollution but also about the whole 
trend of our technological societies. Where are we going? What kind of world 
do we want? It is because of the absence of generally agreed aims for our soci
eties that there is doubt and conflict about the role of research. 3 

With this perspective, the Rothschild debate, largely conducted in the cor
respondence columns of the London Times, becomes more comprehensible. 
In this debate three things were confused: 

1. the principle that scientists financed by the government should be ac
countable for what they do and have a responsibility to meet the needs of 
their countr.,; 

2. the application of the customer-contractor principle as a particular 
means of achieving that accountability; and 

3. the wider issue of science policy: how can scientists through their re
search help to meet their country's needs when the government has no clearly 
defined long-term policies? 
The majority of scientists accepted (1), rejected (2), and were unclear about 
(3). 

Elderly scientists, yearning for the good old days of unfettered expansion 
and believing in Polanyi's Republic of Science, protested that the research 
council system had stood the country in good stead and was the envy of the 
civilized world, including the United States, and that it should not be aban
doned in favor of some ghastly government bureaucracy. 4 Outsiders, not 
knowing the political background, thought the scientists were making a lot of 
fuss about nothing and that it was time the) realized that they had to justify 
their existence like everyone else. The parliamentary Select Committee on 
Science and Technology thought that the real trouble was the lack of a co
herent science policy and of an), mechanism by which one could be formulat
ed. 5 Squeezed out in all this was any serious consideration of the administra
tive consequences of applying the customer-contractor principle or of possi
ble alternative changes which could improve the management of research in 
the research councils and, in particular, the procedures by which they decided 
their resource allocations. The government White Paper essentially accepted 
Rothschild's recommendations. 6 
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It would be misleading to suppose that the changes in the management of 
agricultural research in the United Kingdom in the last few years can simply 
be ascribed to the application of the customer-contractor principle. Other 
contributing factors were the changeover from aperiod of rapid expansion to 
one of static or (currently) declining budgets, the change in the public atti
tude toward science and technology, and the realization that the organiza
tional system for dealing with agricultural research had not kept pace with 
the increase in personnel and resources during the growth phase. 

To deal with that last point, let us make an admittedly exaggerated distinc
tion between adminstration and management. In administration one is con
cerned essentially with maintaining what exists already. It is often said that 
the main aim is not to make a mistake, and this implies not taking risks, reluc
tance to make decisions (any decision involves some element of risk), and 
delegating work but not responsibility. In such a system the post is more im
portant than the person who occupies it, and it is invariably associated with 
incremental budgeting -everyone gets a bit more than the year before, and 
one does not question the rationale of one's present or future resource alloca
tion. 

In management one strives to have a clear aim and allied operational objec
tives: the aim may be to make a profit or to increase it by launching a new 
product, it may be to control a new crop disease or to save imports by de
veloping a new animal feedstuff, etc. Risks have to be taken, and it is essen
tial that decisions be made; responsibility has to be delegated, and people are 
more important than the posts they occupy. Such asystem is associated with 
some kind of planned budgeting. 

However, the virtues of good administration should not be overlooked. It 
is a system which makes for stability and it can be remarkably successful 
when the particular organization's environment is not subject to rapid change. 
Unfortunately, stability tends to lead to rigidity, and often such a system can
not cope when dramatic changes begin to occur. The history of some of the 
long-lived cultures and empires, such as Ancient Egypt, Assyria, Rome, By
zantium, and the Ottoman Empire, are examples of this. 

It would be true to say, I think, that until relatively recently government
financed and government-controlled research institutions have been admin
istered rather than managed. Although undoubtedly good management ideas 
and systems have been developed in industry, no one is very clear as yet how 
best to apply them in the very different environment of government organiza
tions. 

It was in response to these circumstances that the Agricultural Research 
Council decided to set up a planning section in 1971 to advise itself and its 
chief executive on strategy. What we found was a well-administered and con
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scientiously run system, but one in which there was little central planning 

and in which budgeting was incremental. The system could certainly give pre

cise information regarding the budget of a particular institute, but it would 

be in classical terms of staff costs, equipment, chemicals, animals, library, 

building overheads, and capital expenditure. It happens that work in many 

major fields of research is carried out at several of our institutes (we have 

twenty-nine in all and twelve units attached to universities). For example, 

eight institutes do some work or other on potatoes, and twelve are concerned 

with various aspects of grassland research. It was not possible to say what pro

portion of our total expenditure was devoted to various commodities (pigs, 

strawberries, wheat, etc.) or to major research areas like nutrition, breeding, 

disease, or to topics like harvesting, storage, processing, food quality, etc. 

We therefore instituted a project system in the Agricultural Research 

Council. All the research in progress is described in terms of project units 

(about 3,000 in all, two to three per graduate scientist on average). We de

vised a system for classifying agricultural research; each project unit is coded 

in about a dozen fields. 7 Some simply give administrative information (name 

of institute, department, number of project, etc.), another group defines the 

agricultural problem to which the work relates, and a further group defines 

the action being taken to investigate the problem. In contrast to certain un

structured key-word systems, this is a matrix system devised for management 

purposes, each field having a hierarchy of structured key words. 
Concurrently, a project-costing system was introduced. The same project 

units which are classified, and the information which is stored on computer, 

are also costed. This made it possible for the first time to look at the existing 

pattern of our resource allocation - by commodity, research field, or what

ever - and to ask ourselves whether this seemed to be a good allocation, tak

ing into account national needs, the current output values of various sectors 

of the industry and their economic prospects, and so on. Subsequently, 

MAFF, the Department of Agriculture and Fisheries for Scotland (DAFS), 

and the Ministry of Agriculture in Northern Ireland all decided to adopt the 

same project system. Consequently, almost all the agricultural research in the 

United Kingdom (except that at universities) is now classified in the same 

manner, and the information is available from one computer. 
Retrieval of information from the project system is flexible and can be on 

either a broad or a narrow basis: questions like, "How much are we spending 

on cereals research?" as well as "How much are we spending on the mechan

ical harvesting of cereals?" and "What projects have we on breeding wheat re

sistant to foliar fungal diseases?" are all answerable. 
At the same time that work on the project system was beginning, we sug

gested that the existing system for reviewing research (which I will not de
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scribe) should be revised so that each major commodity or commodity 
group (e.g., cattle, cereals) and important noncommodity research areas (such 
as soils research) should be the concern of a committee which would review 
the research systematically and recommend priorities. A working party was 
set up by the ARC to devise a scheme and was already at work when the 
Rothschild Report burst upon the scene. Following this report it was decided 
that the determination of research priorities should be carried out jointly 
with the MAFF and the DAFS. The system which was proposed by a new, 
joint working party of ARC, MAFF, and DAFS and which was accepted is 
called the Joint Consultative Organization. It is composed of five boards, 
namely:Animals; Arable Crops and Forage; Horticulture; Engineering; Food. 

Each board has twenty or more members, including scientists, members of 
tile industry, officials (MAFF and DAFS), and an economist. These boards 
examine current research in relation to what research is required and the 
needs of various interested parties and make recommendations regarding pri
orities. They take into account not only the research conducted by the ARC 
but also the research and development conducted by MAFF and DAFS at 
their own institutes, experimental farms, etc. 

Each board has set up a number of committees, as for example: 

Animals Board 

I I I I I I 
Cattle Milk anti Sheep Pigs Poultry Animal 

Milk Products Science 

The spectrum of membership of committees is similar to that of the 
boards, but scientists are more strongly represented, constituting approxi
mately half the membership. 

This new system was set up only in 1973, so it is a little early to comment 
on its functioning. The intention is that each committee will review its own 
special area - coordinating with others as may be necessary - and report to 
its board. Each board then produces a composite report which goes to all 
three of the sponsoring organizations (ARC, MAFF, and DAFS) once a year. 
The Joint Consultative Organization has an advisory, not an executive func
tion; the boards have not, for example, been allocated budgets which they 
can disburse. On the other hand, obviously the system can work only if seri
ous note istaken of the advice offered. 

The project system has been used to provide the committees with the basic 
information regarding ongoing research. A framework has been drawn up 
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Effort 
(t000) Description Main Objectives 

30 The bio- 300 Plants Plant physiology To provide an understanding 
logical in anti biochemistry of the biological, physical, 
charac- general and chemical mechanisms 
teristics which control plant repro
of crop duction, growth, function, 
plants and behavior 

301 	Grassland Plant physiology To provide means of control
and forage and biochemistry ling the reproduction, 
crops in relation to growth, and function of spe

specific crops cific crops 

302 Cereals 

303 Arabic 

crops 

304 Vegetables 

315 	 Fruit 

3(16 	Protected
 
crops
 

307 	Decorative
 
crops
 

Figure 17-1. A portion of a framework for crop production. (The subsequent
items in the extreme left-hand column are: The soil as an agricultural input; 
Natural inputs other than soil; Fertilizers and crop nutrition; Genetics and 
breeding; Crop protection; Ilandling and storing crop products; Processing pri
mary crop products.) 

which is a simple two-dimensional matrix in which all project units appear 
(each appearing once only). Part of the framework for crop production is 
shown in Figure 17-1. Fach numbered box in the grid is called a "project 
area," e.g., "Biological Characteristics- Vegetables." Certain project areas 
were allocated to each committee to define its area, and so on. In other 
words, the buildup of the information system is as shown on p. 387. 

By this means, it was possible to provide a computer printout to each com
mittee of the project unit with which it is concerned, structured by project 
area. Specific printouts structured in other ways, as may be required, can also 
be provided. 
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PROJECT UNITS 

PROJECT AREAS 

COMMITTEE AREAS 

BOARD AREAS 

At this point, the following question must be touched on, at least briefly: 

What criteria are to form the basis of recommendations by boards and com

mittecs on research priarities? My Section has been studying available quanti

tative techniques, such as cost-benefit analysis, for some time. A review we 

have made of the published material on the cost-benefit analysis of agricultur

al research and development (R & D) projects has convinced us that, in its 

present state, cost-benefit analysis does not provide a valid basis for the quan

titative planning of agricultural R & I) programs. 8 The objections to it are giv

en in a recent paper.9 They fall under three headings. First, the technical data 

which are subjected to economic analysis are often so imprecise that correc

tions stemming from the niceties oi' economic theory are trivial in relation to 

the uncertainties in the data themselves. Second, there is a lack of uniformity 

in procedures, for example, in the tray benefit is defined and estimated. This 

makes comparison of analyses hazardous. Third, the presentation of the re

sults of cost-benefit analyses, particularly in the way initiated by Griliches, l 

we believe to be objectionable. In particular, relating benefit just to R & 1) 

expenditure leads to misleadingly high benefit-cost ratios. 

The alternative, therefore, is to rely on the informed judgment of the 

members of the boards and committees. We suggested, however, that this pro

cess could be rationalized to some degree by considering priorities at three 

levels, as follows: 

Level (1) Decisions on priorities between commodities and major research 

areas; 

Level (2) Decisions on priorities within one commodity or research area; 

Level (3) Priorities between individual project units. 

For each level, a checklist of criteria was drawn up. For Level (1), for exam

pie, criteria were grouped into economic factors (such as national benefit, 

output value, value added by commodity sector, import-export considerations, 

etc.) and social factors (such as regional welfare, consumer welfare, environ

mental considerations, etc.). The possibility of weighting these different fac

tors and so arriving at a scoring system was considered but rejected on the 

grounds that it gives a spurious air of precision to what should be recognized 

as being fundamentally a subjective process. 
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Clearly, Level (3) is the concern of institute management, Level (2) of the 

commodity committees, and Level (1) of the boards. The final decisions, in

cluding inter-board decisions, rest with the senior management of the three 

sponsoring organizations, ARC, MAFF, and DAFS. 
One of the functions of the Joint Consultative Organization is to give ad

vice on which MAFF can b.-e its commissions to the ARC. In describing the 

customer-contractor principle, Rothschild had written: "The customer says 
what lie wants; the contractor does it (if he can); and the customer pays." 

The application of this principle to the financing of research councils in the 

United Kingdom means that the customer (that is, the government depart
ment) must know what it wants. Rothschild recognized this problem and 
therefore recommended that the appropriate government departments should 
each have a chief scientist, with an appropriate scientific staff. MAFF now 
has a Chief Scientist's Organization. 

As far as agricultural research is concerned, the customer is MAFF, and the 
principal contractor is the ARC (which now gets 55 percent of its budget in 
the form of commissions from MAFF, the remainder continuing to come 
from the Department of Education and Science). Initially, MAFF has com
missioned 55 percent of the ARC's existing ongoing research, but in future its 
choice of work to he commissioned will be influenced by the advice of the 
Joint Consultative Organization, just as the ARC takes note of that advice in 
its own research planning. 

The task of drawing up and agreeing on commissions covering something 
like 30 million dollars' worth of research is onc of no mean administrative 
complexity (even if one puts to one side awkward problems like what to do 
about capital cost of buildings which will be used for both commissioned and 
noncommissioned research). Ilow has this task been accomplished? 

In the first place, MAFF and ARC were able, after numerous discussions, 
to agree that the number of commissions must be kept small - in fact, to 
twenty. These arc mostly on a commodity basis (e.g., pigs, cereals, vcgetables, 
etc.). Using our classification system, we were able to produce a printout 
which allocated each project unit to one or other of these twenty master pro
grain areas (which in some cases are identical with or very similar to commit
tee areas, e.g., cereals, vegetables). Ilowever, these master program areas were 
structured iot by project areas but in terms of objectives and subobjectives, 
to which project units were allocated by scientific experts (and the informa
tion then added to the classification data on the computer). 

A part of a commission is described in Table 17-1. It will be noted that it 
is a draft commission that is illustrated. This is in fact the kind of working 
document that MAFF and ARC have used, but the formal commissions do 
not list project units and give costs only down to the subcommission (objec
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Table 17-1. Illustration of Draft Cereals Commission 

Aim: To improve the quantity and quality of home-grown cereals 
Project Cost Project

Objective/Sub-objective Unit No. (£000) 	 Unit Title 

A. Sub-Conmjission - Wbeat 
A.1 	 To increase yield/acrc
 

and quality of grain
 
A.I.A 	 To provide new high

yielding, disease
resistant, quality
 
winter and spring
 
varieties
 

A.I.A.O1 Breeding varieties
 
with good agronomic
 
characteristics, in
cluding short straw
 

A.1.A.02 	 Establishing durable 
resistance especially
 
to yellow rust, sep
tomia and mildew
 

etc. etc. etc. etc. 
B. Sub-Connnission - Barley 

etc. 

tive) level, it being recognized that the niuagement of research is the func
tion of the contractor, who must be free to change the details of the program
in order to meet the stated objectives in the best possible way.

Figure 17-2 provides an extension of our project system diagram. The 
computer can print out the commissions; it can also produce printouts for 
each institute showing which project units are commissioned and which are 
not. Also mentioned in this diagram are project groups; these are department
al or interdepartmental groupings of project units which are often administered 
as a group (e.g., the "Enteric Diseases Project"). This information can also be
computerized, but project groups are essentially for local management, not 
for central planning. 

A further aspect of commissioning is that there must be sonic kind of re
view procedure. Since the first commissions have only just been drawn up,
this procedure will not begin before 1976. It is envisaged that, in addition to 
regular annual reporting of the progress of commissions, there will be formal 
reviews at appropriate intervals (which could vary considerably, depending on 
the nature of the work) conducted jointly by MAFF and ARC, involving the 
consideration of a special progress report and discussions with senior scien
tific staff. 

http:A.1.A.02
http:A.I.A.O1
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oProject] 

Jint consultative 

organizationIntue 
Commissioning Management 

Master I rjc 

programme Project 
areas Iareas 

Committee 
areas 

areas 

Figure 17-2. The ARC project system. 

Conclusions 

As indicated earlier, it is not possible to attribute changes in the management 
of agricultural research specifically to the introduction of the customer-con

tractor principle, since other important factors have been at work. Indeed, 
the decision to apply the principle to the research councils may be regarded 
as deriving from these other factors. In addition, the changes have been very 
recent and therefore any long-term consequences can only be guessed at. 

The principal changes have been a shift away from research administration 
toward more positive management. The methods used to bring about these 
changes, as outlined in this chapter, have been: definition of research in terms 
of specific projects with defined objectives; introduction of project costing; 
introduction of a system for the systematic review of research programs and 
determination of priorities and for replacement of incremental by planned 
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budgeting. These changes also provide the basis for improved coordination of 
research programs in common fields between our own institutes and other 
organizations (such as the Agricultural Development and Advisory Service of 
MAFF). 

The majority would regard these changes as necessary and desirable. At the 
same time one must frankly admit a significant drawback: a considerable in
crease in the administrative load, both at our headquarters and for directors 
and senior staff at our institutes. This is a question not only of paper work 
but also of attendance at many more meetings, committees, and boards, 
meetings to discuss commissions, preparation of papers and reports. This has 
been accomplished with very little increase in administrative staff. As regards 
the longer term, some scientists fear that the introduction of contract re
search will in due course result in an unhealthy over-emphasis on short-term, 
applied research, with consequent neglect of the strategic and fundamental re

search which the ARC, at least, recognizes must be the basis for future agri
cultural development. 

Our experience of these changes has also focused our attention on certain 
other problems. First, there is no clearly defined long-term policy for agricul
ture in the United Kingdom, an essential input for the effective planning of 
agricultural research within a framework of financial restrictions. 1 Second, 
the usefulness of existing quantitative methods of research planning devel
oped in industry, when applied in the context of government research, is 
limited. My Section is continuing to study this question. Third, it is also ap
parent that insufficient resources have been devoted in the United Kingdom 
to the development of agricultural research findings. 

I think it is important at least to mention these problems, especially as I 
suspect that the first two may be widely shared. 

In concluding this chapter, I would like to address myself to some ques
tions posed by Dr. Richard Nelson in discussions at the Airlie House confer
ence. 

1. Is the problem in research management one of criteria (i.e., good selec
tion) or of the generation of good ideas (i.e., entrepreneurship)? The answer 
is both. The provision of an environment which encourages entrepreneurship 
and the generation of good ideas must be a major concern of any research 
organization. Grernmental laboratories are handicapped by having to follow 
rules and regulations on staff, pay, etc., which may be suitable for admin
istrative departments but do not meet the needs of an organization devoted 
to research. (The international institutes arc better off in this respect.) 

2. How is selection to be made - by ex-ante quantitative evaluation or by 
process of judgment? As already indicated, we believe that there is no valid 
basis for the notion that objective quantitative methods yet exist for ranking 
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research priorities and drawing up an optimum portfolio of projects. The 

process has to be one of informed judgment using systematic aids, including 

economic analyses 	as one input to the decision process. 

3. Do we favor planned complementarity in research or pluralism (duplica

tion) and competition? No simple answer can be given to this question. It is a 

matter of finding the right balance. In most large research organizations there 

has been wasteful, unconscious duplication, owing to a lack of information 

and a lack of coordination. Good planning implies good coordination but al

lows, and may positively encourage, conscious duplication and pursuit of 

different routes to the same goal. 
4. Should publicly funded research be tightly controlled, e.g., by con

tracts, 	or is it better to have looser control, with accountability vested in the 

The fact that the latter system has been found wantingresearch director? 

does not necessarily imply that the former constitutes the correct solution.
 

It is reasonable 	 to expect that applied research in agriculture (mostly short
 

term) should be more tightly controlled than strategic and fundamental re

search (mostly longer term). In effect that is now the situation in the United
 

since 55 percent of the ARC's budget is in the form of contractsKingdom, 
for applied and what one might call applied-strategic work; 45 percent of the 

budget continues to come from the Department of Education and Science, 

and this is mainly for long-term strategic and fundamental work. To have all 

or an overwhelming proportion of research controlled by contracts would 

almost certainly stifle long-term basic work and, in particular, the more imag

inative and unpredictable research. Whether contracts are the best mode of 

controlling applied 	work no one can yet say. It is a cumbersome system, and 

one wonders what would have been the return of a comparable investment in 

staff and time in trying to improve the coordination and planning of research 

in other ways. But perhaps the inertia in any large organization is such that 

only strong financial pressures can bring about significant change. 
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Reforming the Brazilian
 
Agricultural Research System
 

Jose Pastoreand Eliseu R. A. Alves 

Brazil is currently experimenting with a new model for organizing agricultural 

research: the public corporation. The object of this experiment is to increase 

the quantity and quality of scientific knowledge relevant to agricultural de
vclopment. Its main objective is to make the whole research system more 
sensitive to the demand for technology. 

The main organizational agency of the new system is EMBRAPA -the 

Brazilian Public Corporation for Agricultural Research. This agency operates 
like any public enterprise, being open to all types of financial and human 
resources and at the same time ready to "sell" its services to all kinds of cli
ents. The corporation's principal product, of course, is agricultural tech
nology and its primary client is the government. Both federal and state gov
ernments establish their priorities in terms of products for export and for 
domestic consumption. An increase in agricultural productivity is the basic 
need to be met by the research, extension, and credit complex, and research 
is the responsibility of EMBRAPA. The initial task of EMBRAIPA, then, is to 
transform the general production goals of the government into research pro
grams geared to increase the productivity of land and labor. Its second task 
is to organize and improve the skills of the scientific and technical staff who 
carry out the research programs. 

EMBRAPA is not subject to civil service hiring restrictions. It is free to 
hire whomever is considered qualified for its programs at national and inter

394 
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national labor market prices. In order to economize, EMBRAPA is directing 
its main research programs through national centers. This effort to concen
trate financial and human resources on a few, but relevant, products is just 
beginning. Three national centers have been established to date: wheat, rice, 
and dairy. 

This chapter first offers a brief overview of the trends in Brazilian agricul
tural development. Second, it illustrates the role of research in agricultural de

velopment in Brazil by providing historical background. Third, the basic prin

ciples behind EMBRAPA are described and, finally, the main accomplish

ments of the new research system to date are presented. 

Trends in BrazilianAgriculturalDevelopment 

Land has been abundant in Brazil. For many years it has been Brazilian policy 

to increase agricultural production through the expansion of cultivated areas. 

Hlowever, this is changing. Although pressures to expand the agricultural fron

tier continue, there has in recent years been an increasing demand to raise the 

productivity of land already under cultivation. 
During the 1950s the expansion of cultivated area and the increase in farm 

employment continued to represent the dominant sources of growth of agri

cultural output in Brazil.1 In the decade between 1960 and 1970, an increase 

in land productivity was observed throughout the country, with the cxcep

tion of the Northeast. At the same time, the rate of labor absorption declined 
2 

significantly. 
The change in trends of agricultural development in this decade was a con

sequence of several factors. Favorable conditions in the international market 

and growth of domestic demand stimulated pressures for large increases in 

agricultural production which exceeded the possibility of growth by expan

sion of the cultivated area. The availability of good and cheap land for agri

culture diminished considerably. These new forces (international and domes

tic demand for food and fibers) produced a dialogue between official authori

ties on the one hand and the farmers, industrialists, and, especially, techni

cians on the other. The result was a revision of basic agri.:ultural policy. 

Growth through expansion was maintained. lowever, increase in land and 

labor productivity was explicitly introduced as a new, additional goal during 

the late 1960s and early 1970s. 

Initially, the emphasis was on disseminating existing technological knowl

edge from tile research institutions to the farmers. The heavy emphasis on 

agricultural extension services during the sixties can be understood within 

this framework. This circumstance also explains the high priority allocated 

to the development of special lines of credit for the purchase of modern in
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puts as well as the emphasis on minimum price policies to stimulate produc

tion and productivity. 
An internal crisis for food in the domestic market became an additional 

and powerful factor for revising agricultural policies, especially in the mid 

1960s. The feeding of the large urban centers suddenly became a crucial eco

nomic and political goal. Government became aware that inflation plus food 

shortages were the ingredients for social upheaval and radical political changes. 

The initial steps toward the modernization of the agricultural research sys

tem were taken at the federal level, within the Ministry of Agriculture, which 

was under increasing pressure to raise the productivity of the agricultural sec

tor. 
The economic forces that entered the picture in the sixties created, in the 

beginning of the seventies, a favorable atmosphere for profound change in the 

Brazilian research system. This system has undergone several changes, but 

none of them has succeeded in providing Brazil with aresearch system capa

ble of handling agricultural problems. It is our contention that lack of incen

tives in the economic system has been responsible to a great extent for the 

failure of the reforms that have been tried. 

HistoricalBackground 

There were sonic manifestations in Brazil of the great changes of the eigh

teenth and nineteenth centuries in the agrarian sciences in Europe. The first 

Brazilian agricultural research units were created within the atmosphere of 

European liberalism, which generated adiffuse model. 

The Diffuse Model of Research 

The main feature of this model is that each research unit tries to diversify 

its activities, researching many different products and attempting to generate 

a wide array of technologies. 3 It represents an adequate system for organizing 

research in an environment with special characteristics. Among these char
acteristics arc the following: 

1. Availability of abundant resources for research. The abundance of re

sources destined for research indicates that the society has already recognized 

the importance of research in the modernization of agriculture. Furthermore, 

mechanisms have been deve!oped to provide agricultural research with suffi
ciently generous and flexible budgets to meet its needs. 

2. Predominance of a liberal philosophy, which accepts the behavior of the 

scientists as individuals and provides an atmosphere of freedom in the choice 

of research projects. 
3. Existence of a critical mass of farmers sufficiently organized to interact 

with researchers and administrators and to make the problems they face ex
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plicit. From this interaction, pressure develops to allocate adequate resources 

to research. This pressure also prevents the scientist from becoming alienated 
from the real world and concerned only with his particular problems. 

The pressure from farmers, together with the individual orientations of 
scientists, results in a research system which seeks to generate diversified in
formation covering a vast range of subjects and large numbers of crop and 
animal enterprises. There will be many lines of research, some seeking to 
economize on land, some on labor. 

The tendency is to develop what is possible in such a broad range of areas, 
given the limitations of time and money. The individual interests of the sci
entists are satisfied because they have a wide range of choice with respect to 
areas of research. At the same time, this system guarantees that the desires of 
the majority of farmers, particularly those in a position to influence the re
search institutions, will be satisfied. When an individual farmer seeking in
formation on how to improve the efficiency of his farm comes in contact 
with the universe of knowledge generated, it is likely that he will find the in
formation he needs. 

The diffuse model generates a large amount of information, only part of 
which crystallizes into new technology. This makes the model expensive and 
thus practical only in wealthy societies which can invest large quantities of 
resources in research. For example, the model has been in use in Europe and 
the United States for some time and more recently in Japan. 

In the developing countries two of the ingredients essential to the func
tioning of the diffuse model are in short supply. First, resources for research 
are scarce. Second, the low cultural level of farmers, together with difficulties 
of transportation and communication, make the establishment of a dialectic 
difficult. Nevertheless, many researchers have adopted the individualistic ap
proach from the developed countries through training abroad and through 
the scientific literature. 

Conditions in the developing countries, therefore, alienate research from 
the current agricultural situation and lead to a dispersion of research among 
many crop and animal enterprises. Since human and financial scientific re
sources arc limited, this dispersion of effort reduces the efficiency of research. 
The farmer finds only limited and incomplete information available, which 
does not permit the elaboration of a production system. Hence it is necessary 
to modify the diffuse model in such a way that the knowledge generated 
meets certain defined guidelines. 

Historical Pattern in Brazil 

In Brazil (with the exception of Sdo Paulo and Rio Grande do Sul) human 
and financial resources are extremely limited. In addition, an organized mass 
of farmers does not exist to sensitize Brazilian authorities to the sector's 
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needs. As a consequence, the imported diffuse model cannot be expected to 

succeed in Brazil. 
Until recently, the Brazilian agricultural research system had gradually de

veloped an individualistic orientation; research topics and methodology were 

viewed as being the exclusive property of the investigators themselves even 

though research was completely financed by public money. Research prior

ities were aimed at sacred themes, and the directing of science and technology 

toward the solution of the entrepreneurs' problems was considered heretic 

thinking. 
Scarce resources tended to be allocated to a wide variety of research topics 

defined by the researchers who, not rarely, were more eager to duplicate an 

investigation recently published abroad than to solve the farmer's problem. 

The style of working in research was a "one-man venture"; research tended to 

be designed in such a way that research teams were not used. The govern

ment's research investments were mainly an "act of good faith" rather than a 

goal-directed effort. This type of social background pervaded both the agri

cultural colleges and the more applied research units, namely, the agricultural 

experimental stations and institutes. 

In short, the Brazilian agricultural research structure seems to have been 

negatively affected by two forces. On one hand, owing to the relative abun

dance of land and labor, there was little pressure for research to develop tech

nology which economized on these factors. On the other, extremely individu

alistic research patterns were imported from developed countries. 

The picture began to change at the beginning of the 1970s. Pressure de

veloped to increase agricultural production in order to meet the increased do

mestic and international demand for food and fibers as well as the political 

need for feeding the urban population. These forces have created a new at

mosphere for shifting from a diffuse research organization model to one in 

which concentrated research efforts predominate. 

Changes in Brazilian Research 

The role of science and technology in increasing agricultural productivity 

became one of the central concerns of Minister of Agriculture Dr. Luis Fer

nando Cirne Lima in late 1971. In early 1972, he called a meeting of all state 

secretaries of agriculture and agricultural experiment station directors and 

made it clear that the central government desired to modernize the research 

system to accomplish the newly defined national goals. At the same time, he 

nominated a special committee to recommend reforms in the agricultural re

search system. 
The report of this committee pointed out the strengths and weaknesses 

of the federal research units. The positive aspects can be summarized as fol
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lows: (1) A geographically dispersed network of research units was available 

to the federal government and covered practically the whole nation. (2) Equip
ment and basic infrastructure were considered reasonably adequate for most 

of the units, with a total investment in land, building, laboratories, and other 

facilities totaling about $300 million. (3) Sixteen technical journals were 

available for publishing the results of agricultural research. (4) There was a 

small but well-qualified group of researchers whose talents could be better 

used by the units if their administrative load were assumed by other profeS

sionals. (5) A relatively well-defined consciousness of the need for an integrat

ed research policy for the agricultural sector was present in most of the re

searchers. 
The negative aspects, unfortunately, were overwhelming: (1) The basic na

tional needs in respect to agriculture were unknown to most of the research 

personnel. (2) There was little interaction between research personnel and 

farmers. (3) The existing adminstrative structure inhibited the recruitment, 
training, and promotion of well-qualified personnel. (4) A complete lack of 

internal communication among units and individual researchers was evidenced 

by large numbers of parallel projects ol unimportant products. (5) The lack 

of suitable programming and evaluation mechanisms permitted researchers to 

undertake individual activities of doubtful value. (6) Of 1,902 individuals 

considered to be formal researchers, only 10 percent could be considered pro

fessionals, with some kind of graduate training in research. (7) The salary 

policy did not permit the government to compete in the professional labor 

market; there were no means to hire and promote qualified personnel quickly 

or to demote unqualified persons. (8) Higher salaries given to administrators 

reduced researchers' incentives to argue for their projects. (9) There were in

adequate mechanisms for obtaining and managing financial resources which 

came solely from the federal government. (10) All the existing facilities were 
underutilized. 

The committee recommended a public corporation as the best institutional 

means to remedy these defects. The Congress, on December 7, 1972, created 

EMBRAPA as a public corporation to coordinate and administer research in 

agriculture and animal husbandry. EMBRAPA started operating on April 26, 

1973. 

Tbe Basic Principlesof the Present BrazilianModel 

The basic tenet of EMBRAPA is that applied agricultural research should be 

guided by the concrete needs of the national society as expressed in govern

ment policies and in the concerns of farmers, extension agents, and industry. 
Execution of applied research directed toward immediate needs is seen as the 
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province of the technological research institutes. More fundamental research 

is seen as the province of the universities. There is not a rigid division of labor 

between the two types of research institutions. To a great extent, however, 

the comparative advantages of each are utilized in the two types of research. 

Research units under the Ministry of Agriculture are generally in the first 

category. Their main effort should be directed toward generating technology 

which can be readily incorporated into the production system. This implies 

that emphasis should be given to creating technological packages that achieve 

technical and economic efficiency. 

In addition to these general principles, six other ideas have been used as 

guidelines in reforming the existing research apparatus. First, the transfer of 

foreign technology to the agricultural sector is considered a valid means of 

improvement but of limited importance in many instances. The transfer of 

specific materials and of certain packages (i.e., poultry technology), however, 

is looked upon as an opportunity to capitalize on some other country's in

vestments. Also, training abroad and imports of personnel are very helpful in 

the Brazilian situation. 

Second, given the scarcity of financial and human resources for research 

activities, efforts should be concentrated on regional projects. This should 

help to overcome the difficulties of transferring technology among different 

ecological and economic regions throughout the country. 

Third, the private sector should participate in the development of most of 

the research projects. 
Fourth, the agricultural research system should have more administrative 

flexibility including the freedom (a) to obtain additional resources through 

contracts and agreements; (b) to pay researchers wages at market rates; and 

(c) to carry out an aggressive training program, including basic training and 

graduate work. 
Fifth, a closer relationship should be developed with the cxtension services 

and the agricultural input industries to speed the dissemination of knowledge 

throughout the country. 

Sixth, knowledge from the international institutes and from other foreign 

research centers should be adapted and spread throughout the country. The 

research system should seek technical packages which decrease the farmer's 

risk. This means that an economic investigation should be systematically in

cluded in the agronomic investigations. 

The development of EMBRAPA implies the concentration of relatively 

large financial and human research resources on a limited number of prod

ucts. The challenge that this model presents is that of defining priorities and 

responding to changing circumstances. 

This type of orientation implies a number of problems: 
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1. Since resources are scarce, it is necessary to limit the number of produc
tion system prototypes developed and the number of commodities researched. 
Clearly, priorities must be established, but this means that some groups of 
farmers may not receive the benefits of research. 

2. There are problems of allocation of resources between research with im
mediate applicability and that with applicability in the long run. 

3. It may be difficult to use the concentrated research model to develop 
systems of production adequate to the needs of the small farmer who com
bines various enterprises in his operation. 

4. The concentration of effort requires an appropriate institutional system. 
It is unlikely that research institutes which work on a large number of com
modities and are organized on the hasis of disciplinary departments such as 
soils and plant improvement will have a high degree of success in developing 
production systems. In this cype of environment, given the individualistic 
tradition to which researchers are accustomed, pressures will develop that 
cause departure from the established priorities and areas of concentration. 
These pressures arise from the departments which seek to develop ofan area 

specialization, as 
is common in the developed countries, and from researchers 
that have dedicated their lives to commodities not considered to be of na
tional priority. It should be noted that the organization of research in insti
tutes of this type is a consequence of thc requirements of the diffuse model. 
In rejecting this model, it is also necessary to modify the institutional arrange
ments which made it possible. 

AgriculturalResearch under hA1BRA PA 

EMBRAPA concentrates on applied research, to generate improved technol
ogy for agricultural development. However, it is not EMBRAPA's responsibil
ity to perform all agricultural research in the twenty-five Brazilian states. As a 
consequence, two important roles have been defined for EMBRAPA. On one 
hand, it has the responsibility of creating and/or supporting the state research 
systems. On the other hand, it is responsible for creating and implementing 
c'nrmodity-oriented national research centers. 

Supporting the State Systems 
Agricultural research at the state level is very heterogeneous in Brazil. The 

southern states possess relatively mature research systems. EMBRAPA plans 
to continue supporting their activities. At the same time, it expects them to 
adopt more flexible administrative units (corporation-type agencies) to facili
tate coordination between the state and EMBRAPA. 

There are many other states, however, which have no research tradition 
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whatsoever, although many of them have been receiving research funds from 
is helping the state gov

the central government. In these states, EMBRAPA 

ernments to create their own capabilities. The main support up to now has 

been in training massive groups of research personnel as well as aiding the 

state secretaries of agriculture in organizing their own state corporations. 

The National Centers 

These centers are defined in terms of basic national needs for the agricul

tural sector. The main strategy is to concentrate funds and talents on a few, 

relevant products in specific regions. Wheat, sugarcane, corn, beans, soybeans, 

rice, coffee, rubber, livestock, and dairy have been defined as the crucial agri

resource.areas to be de
cultural products for the 	country. Among the key 

centers, EMBRAPA has included "cerrado," semi
veloped through national 

arid agriculture, and humid-tropical agriculture. 

State agencies can link themselves directly with the national research cen

a given center is 
ters, particularly when they are located in the state where 

located. 
The most important results obtained in the 1973-74 period are the follow

ing: 
1. EMBRAPA replaced the National Department for Agricultural Research 

of the Ministry of Agriculture. The year 1973 was transitional and the corpo

ration actually assumed the operation of research activities in 1974. 

2. The realized budget of the old system in 1973 amounted to $14 million 

(United States currency, exchange rate of December 1973). In 1974 EMBRAPA 

expended about $25 million in research activities (exchange rate of December 

1974). The planned budget for 1975 was estimated at $65 million (exchange 

rate of December 1974). 
3. The old system was overcrowded with bureaucratic personnel. The cor

poration was, by law, allowed to select the personnel best suited for its work. 

It chose 3,422 (data of January 1975) out of 6,705 employees of the old sys

tem. 
most important4. The training of personnel forms one of EMBRAPA's 

programs. The program's current goal is to enable 1,000 researchers to ac

quire the master's and/or doctoral degree in Brazilian and foreign universities. 

The program is financed by both Brazilian and foreign funds. Included in the 

latter is a USAID loan to the Brazilian government in support of the training 

of researchers at universities in the United States. At present, 500 researchers 

or Ph.D. degree in various universities. Under the are studying for the M.S. 

old system, 10 percent of researchers held graduate degrees. The aim of the 

is that at least 80 percent of EMBRAPA's researchers willpresent program 

hold the master's or doctoral degree.
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5. National centers for the most significant products of Brazilian agricul

end of 1976. Actually, the national cen
ture will be in operation by th-

ters for dairy cattle, rice, and wheat are already in operation. Three national 

centers for the development of natural resources will be in operation in 

in the area of cerrado, another in the semiarid region of the North
1976, one 

the Center for Tropical Agriculture - in the Amazonas re
east, and a third 
gion. 

Brazilian and
6. EMBRAPA is strengthening institutional linkages with 

foreign universities, with the international research centers, and with develop

ment banks to obtain technical and financial support for its program. 

7. Three states have already reformulated their research systems according 

to the federal model. Their research projects are supported to some extent by 

EMBRAPA funds. In other states an institutional arrangement has been estab

lished with the purpose of strengthening their research capability and creating 

conditions favorable to the future conversion to the corporation system. 
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Private Sector
 
International Agricultural Research:
 

The Genetic Supply Industry
 
S. M. Sehgal 

There have been many instances, throughout the last three decades, of the 

transfer of elite cereal varieties and associated crop production technology 

to another of similar latitude. The Internationalfrom one agricultural zone 
Maize and Wheat Improvement Center in Mexico (CIMMYT) has been respon

sible for transferring high-yielding varieties (HYV's) of wheat from the sub

temperate/subtropical zone of Mexico to the subtemperate/subtropical zone 

of South Asia and the Near East. The International Rice Research Institute 

(IRRI) in the Philippines has been responsible for transferring IHYV's of rice 

from the Philippine tropics to other areas within the tropical belt. The genetic 

supply industry has been instrumental in transferring high-yielding hybrid 

maize varieties from temperate North America to temperate Europe and 

hybrid sorghum varieties from subtemperate North America to subtemperate 

Mexico, Argentina, Australia, and South Africa. In all these cases the impact 

on total grain production has been dramatic. 

ltigb- Yielding Varieties 

-IYV's of wheat and rice formed the basis of the green revolution,Since the 
it is appropriate to outline some of the salient features of these two discov

eries. 

404 
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Wheat 
The high-yielding varieties of wheat were developed largely by Norman 

Borlaug, using standard breeding techniques of hybridization and selection, at 
a small experiment station outside Ciudad Obreg6n in the state of Sonora irk 
northwest Mexico. The station is located in Mexico's subtropical or semitem
perate zone. The facilities at the station at the time Borlaug took over were,
by modern institute standards, rather primitive. 

The work was not intended for application in South Asia or any other re
gion of the world; its purpose was to increase yields and to combat the rust 
which was plaguing wheat cultivation in Mexico at the time. Between 1945 
and 1949, four rust-resistant varieties were developed which were widely
planted. In later years, semidwarf wheats were developed by crossing the new 
rust-resistant varieties with Japanese dwarf wheat, Norin 10, and the new 
semidwarf varieties were released for cultivation in the early 1960s. 

The seed was sent from Mexico to Pakistan and India in 1962. The pur
pose of sending seed to India was to screen these wheats against rust. In In
dia the importance of the semidwarf wheats was first realized by Dr. M. S. 
Swaminathan in a small plot located at one corner of his nursery at the Indian 
Agricultural Research Institute, New Delhi. In Pakistan, too, the potential im
portance of the semidwarf wheats was first recognized in a small patch of 
land at the experiment station at Lyallpur. 

Subsequently, an all-out effort was made to transfer these varieties and the 
related technology from the semitemperate zone of Mexico to the semitem
perate zone of South Asia. 

Rice 
The first modern high-yielding rice variety was developed not by IRRI but 

in Taiwan. Called Taichung Native I, it was a short-season, semidwarf variety. 
The IRRI scientists, recognizing the importance of Taichung Native 1, dis
tributed it to several tropical areas of the world during the mid 1960s. The 
first high-yielding IRRI rice variety was IR-8; since its appearance several 
other IRRI varieties have been released. Although none of these newer vari
eties represent any improvement in yielding ability over IR-8, they do offer 
improved grain quality, disease resistance, and, to some extent, insect resis
tance. 

It is interesting to note that the dramatic increases in wheat and rice yields 
which accompanied the green revolution have been matched or exceeded in 
several developed, temperate zone countries. For example, in 1972 the aver
age wbeat yield increases over the 1961-65 average in two leading developing
nations were as follows: India, 64 percent; Pakistan, 43 percent. By compari
son, yields rose in several developed nations as follows: France, 56 percent; 



Table 	19-1. Area, Production, and Average Yield of Wheat 
in Some Important Wheat-Growing Countries 

Area Production Yield per Hectare 
(in 100 kgs)Country Years (in 1,000 ha) (in 1,000 MT) 

Bulgaria . . . 1948-52 1,432 1,776 12.4 
1961-65 1,222 2,213 18.1 

9Q72 961 3,582 37.1 

France . . . . 1948-52 4,264 7,791 18.3 
4,265 12,495 29.3

1961-65 
1972 3,958 18,123 45.8 

India ..... .1948-52 9,290 6,087 6.6 

1961-65 13,402 11,191 8.4 
13.8

1972 19,139 26,410 

Pakistan . . . 1948-52 4,218 3,685 8.7 
1961-65 4,984 4,152 8.3 
1972 5,797 6,890 11.9 

United States 1948-52 27,756 31,065 11.2 

1961-65 19,432 33,040 17.0 

1972 19,135 42,045 22.0 

35,759 8.4 
64,207 

U.S.S.R. . . . 1948-52 42,633 
9.6

1961-65 66,622 
14.7

1972 58,492 85,950 

Source: FAO Production Yearbook, 1972. 
a Increase in yield over 1948-52. 

Increase in yield over 1961-65. 

Table 19-2. Area, Production, and Average Yield of Rice 

in Some Important Rice-Growing Countries 

Area Production Yield per Ilectare 

Country Years (in 1,000 ha) (in 1,000 MT) (in 100 kgs) 

India ..... . 1948-52 
1961-65 
1972 

30,092 
35,587 
36,019 

33,383 
52,752 
57,950 

11.1 
14.8 
16.1 

Indonesia. . . 1948-52 
1961-65 
1972 

5,876 
7,036 
7,983 

9,441 
12,393 
18,031 

16.1 
17.6 
22.6 

Japan ..... 1948-52 
1961-65 
1972 

2,996 
3,281 
2,581 

12,736 
16,444 
15,281 

42.5 
50.1 
59.2 

Philippines 1948-52 
1961-65 
1972 

2,350 
3,147 
3,112 

2,767 
3,957 
4,415 

11.8 
12.6 
14.2 

Thailand . . . 1948-52 
1961-65 
1972 

5,211 
6,394 
6,571 

6,846 
11,267 
11,660 

13.1 
17.6 
17.8 

United States 1948-52 
1961-65 
1972 

752 
705 
736 

1,925 
3,084 
3,875 

25.6 
43.7 
52.7 

Source: FAO Production Yearbook, 1972. 
a Increase in yield over 1948-52. 

Increase in yield over 1961-65. 
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United States, 29 percent; the Soviet Union, 53 percent (Table 19-1).1 Simi
larly average rice yields per hectare, during the same time period, increased as 
follows in developing nations: India, 9 percent; Indonesia, 28 percent; Philip
pines, 13 percent; and Thailand, 1 percent. By comparison, yields increased 
18 percent in Japan and 21 percent in the United States (Table 19-2). 

Maize and Sorghum 

During the past forty to fifty years, vast improvements in maize and sor
ghum yields have taken place in almost all temperate countries and a few 
tropical countries where hybrid seed of these two crops is used. 

The introduction of hybrid maize to Western Europe after World War I1 
and to Eastern Europe in the late 1950s and early 1960s revolutionized maize 
production in Europe, as it had in the United States before World War 11.2 In 
Bulgaria, France, Italy, Romania, and Yugoslavia, the national average yields 
in 1961-65 were substantially above the 1948-52 average levels. The same 
was true of 1972 yields as compared with the 1961-65 level (Table 19-3). 3 

The transfer of grain sorghum hybrids from the United States to Mexico, 
Argentina, Australia, and South Africa took place in the late 1950s and early 

Table 19-3. Area, Production, and Average Yield for Maize in the United States 
and in Major European Countries Where Hybrids Are Used 

Area Production Yield per Ilectare Yield In-
Country Years (in 1,000 ha) (in 1,000 MT) (in 100 kgs) crease (%) 

Bulgaria . . . 1948-52 
1961-65 
1972 

737 
632 
689 

720 
1,601 
2,974 

9.8 
25.3 
43.2 

158a 
70b 

France . . . . 1948-52 332 452 13.6 
1961-65 914 2,760 30.2 1 2 2 a 

1972 1,880 8,190 43.6 44 b 
Italy ..... . 1948-52 

1961-65 
1972 

1,253 
1,108 

892 

2,306 
3,633 
4,802 

18.4 
32.8 
53.8 

78a 

64b 

Romania . . . 1948-52 3,089 2,495 8.1 
1961-65 
1972 

3,308 
3,197 

5,853 
9,817 

17.7 
30.7 

11 8 a 
74b 

United States 1948-52 
1961-65 
0972 

29,856 
22,933 
23,237 

74,308 
95,561 

141,568 

24.9 
41.7 
60.9 

67a 

46b 

Yugoslavia 1948-52 2,297 3,078 13.4 
1961-65 
1972 

2,474 
2,383 

5,618 
7,940 

22.7 
33.3 

6 9a 
47b 

Source: FAO Production Yearbook, 1972. 
a Increase in yield over 1948-52. 
b Increase in yield over 1961-65. 
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Tahle 19-4. Area, Production, and Average Yield for Sorghum in the United States 

and Other Important Countries Where Hlybrids Arc Used 

Yield In-Area Production Yield per Hectare 
(in 100 kgs) crease (%)

Country Years (in 1,000 ha) (in 1,000 MT) 

Argentina 1948-52 77 73 9.5 
856 1,359 15.9 67 a 

1961-65 > l b
16.0

1972 1,564 2,502 
57 75 13.3 aAustralia . . . 1948-52 Il14.82281961-65 154 30b 

639 1,228 19.2
1972 


Mexico . . . 1948-52
 
1961-65 205 452 22.1 b
21965 2,593 26.81972 


South Africa 1948-52 283 180 6.4 
56a
10.02952961961-65 471)14.6556380 


Spain ..... .1948-52 5 4 7.3 
a
 

1972 

9 19 21.1 1891961-65 
177 40.2 9111972 44 


United States 1948-52 3,087 3,897 12.6
 
13,912 28.3 125 a 

1961-65 4,909 
5,410 20,556 38.0 34b 

1972 

Source: FAO Production Yearbook, 1972. 
a Increase in yield over 1948-52.
 
b Increase in yield over 1961-65.
 

1960s. This introduction of better yielding United States-bred hybrids rcvolu

tionized grain sorghum production in each of these countries. 

Before the introduction of hybrids into Mexico, total sorghum grain pro

duction in Mexico was negligible, whereas in 1972 over 2.5 million tons of 

sorghum grain were produced (Table 19-4). Furthermorc, Mexico recorded 

to those in the United States. Mexico did
national average yields comparable 

in average yields in subsequent years,
not make significant improvements 

however, whereas average yields in the United States kept going up owing to 

considerable improvement in farming practices. 
also took place in the Southern liemi-Striking increases in production 

sphere (Table 19-4). In Argentina over 21/ million tons of sorghum grain 

with less than 100,000 tons before the 
were produced in 1972 as compared 

1948-52 to 1961-65 yields increasedintroduction of hybrid sorghum. From 

significantly in Argentina and in South Africa. Because of its strict quarantine 

four to five years behind in utilizing the Unitedrequirement, Australia was 

States hybrids, and, as a consequence, improvement in average yield in 1961

65 in that country was more modest. 
can grow sorghum recorded evenSome of the European countries which 


higher gains than the countries in the Southern Ilemisphere.
 



PRIVATE SECTOR INTERNATIONAL RESEARCH 409 

Genetic Suppiy Industry 

The genetic supply industry has, to a great extent, been responsible for bring

ing about these increased yields by developing, multiplying, and distributing 

hybrid seed to the farmers. 
as well as for aThe scientific basis for hybrid maize and hybrid sorghum, 

host of other hybrid plants and animals, is the phenomenon known as "heter

osis" or hybrid vigor. Ileterosis can be defined as the increased vigor occur

ring in the progeny of crosses among inbred parents, varieties, or races. It has 

been said that this phenomenon, more than any other, has revolutionized the 

agriculture of the United States. 

The genetic supply industry has attempted to exploit this phenomenon to 

the greatest extent possible within the existing body of scientific knowledge 

on the subject. There are two primary reasons for this interest. 

First, until the United States Plant Variety Protection Act was promulgat

ed in 1972, there was no law to protect the varieties produced by private 

breeders of open pollinated varieties. The hybrids, because of their built-in 

protection, offered security to private breeders. In other words, the hybrids 

offered what is known in the trade as "proprietary" varieties. 

Second, since hybrids had superior performance over the open pollinated 

varieties, the seed could be sold to the farmers at a price which assured breed

ers far greater and far more certain profits than if they were sold the seed of 

commonly available varieties. Since the true hybrids are available only through 

the original breeder or his distributor, the breeder has repeat customers year 

after year if the product performance is satisfactory to the farmer. The com

bination of these two factors - the large benefits that accrue to the users of 

genetically improved seed stock and the proprietary nature of many seed 

stocks - made the genetic supply industry flourish in the United States. 

Until recently, the overseas research and development work of the United 

more or less limited to the transfer of temperateStates industry has remained 

varieties and technology to temperate areas of the world. For example, all the 

major United States seed companies are active in Western Europe as well as in 

other temperate areas of the Southern Ilemisphcrc. 

Although there has been a great deal of interest on the part of the genetic 

supply industry in contributing its know-how to the developing countries, 

few efforts to accomplish this have been made to date. 

Pioneer li-Bred International is unique in this respect. In 1964, it estab-

Research Station in Jamaica, West Indies, primarily to delished the Tropical 

velop maize hybrids adapted to the lowland tropics. The station is located in 

the lowlands, at 18° N latitude. 
sonc of which were collected by Dr.Improved populations and varieties, 
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W. L. Brown while he was a Fulbright scholar at the College of Tropical Agri
culture, St. Augustine, Trinidad, were used as the station's foundation stock 
and source-breeding materials. Also, several improved breeding populations 
were received through the courtesy of the Rockefeller Foundation and 
CIMMYT in Mexico. 

The classical inbred-hybrid method of maize improvement was used to de
velop hybrids, this method having previously been successfully employed by 
breeders, both commercial and private, in the United States. 

The work on mai.c was carried out during the period from 1964 to 1968 
on an average of ten acres of land and with an annual budget of less than $15 
thousand. (The station's total annual budget was $30 thousand, a little over 
half of which was spent on sorghum research.) In 1966-67 the first experi
mental hybrids were entered in tests throughout the Caribbean and Central 
America, and, in 1968, after only four years of operation, the station released 
for commerical cultivation in the Caribbean and Central America two yellow 
hybrids, X304 and X306. Two years later, it released white hybrids,two 
X1OIA and XI05A, for commercial use. 

Table 19-5 shows the performance of the yellow hybrids in several Carib
bean countries in 1968-69. These hybrids gave significantly higher yields than 
local varieties. In some instances, the yield increases were more than double. 

Trials were also conducted in parts of Central America, West Africa, East 
Africa, and South East Asia. As in the Caribbean, the hybrids from Jamaica 
were among the highest yielding hybrids in the tests. 

It is a well-known fact that, regardless of the success of breeders in breed
ing improved varieties and hybrids, the impact of such developments on agri
cultural production is zero unless the same varieties reach the farmer, not 
only in quantity but in a state which maintains the original genetic potential 
of the variety. 

Among the cereals, the nature and requirements of seed production and 
distribution vary greatly depending upon the species involved and its mode 
of reproduction. In wheat and rice, both of which are self-pollinated species, 
the multiplication of seed is a rather simple process. All that is needed to re
produce a variety in large quantity is simply to grow and harvest the crop 
while exercising care to maintain varietal purity by avoiding mechanical mix
turcs of seed. However, in the case of maize, which is almost completely cross 
pollinated, and sorghum, which is partly cross pollinated, the situation is en
tirely different. To maintain purity of hybrids, fertilization must be con
trolled; consequently, the methods of large-scale production of quality seed 
are much more sophisticated than are those used with self-pollinated species. 

There is little doubt that the large-scale, successful introduction of high
yielding varieties of wheat and rice into several developing countries in recent 
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Table 19-5. Performance of Hybrid Corn versus Local Corn in the Caribbean in 1968-69 

Yield (in quintals per iectare at 15.5% moisture) 

Dominican 
Variety Jamaica Haiti Republic Grenada Barbados Trinidad Guyana 

ilybrid 
X306. . . . 54.7 59.6 63.4 39.2 30.6 45.2 

Hybrid 
X304. .. 56.2 44.1 55.9 35.2 40.4 54.2 47.7 

Local 
Variety... 2 4 .9 a 32 .9 b 38 .9c 17 . 1d 19 . 1e 2 7 .9f 30.1g 

aJamaica selected yellow. 
b Jeremie. 
c Frances. 
d Grenada corn. 
c Barbados corn.
 
f Economic botany selection.
 
g Charity.
 

years was, to a considerable extent, a result of the reproductive mechanism of 
the species. On the other hand, there is little doubt that the failure of the in
ternational maize program of the institutes is largely attributable to a failure 
to develop satisfactory systems of seed production and distribution. The 
quality of breeding that has gone into international maize improvement pro
grams is comparable to that characterizing the self-pollinated cereals, yet the 
impact of increased productivity has been negligible compared with that of 
wheat and rice. 

As a profit-oriented private company, we realized that the breeding of new 
hybrids and the multiplication and marketing of seed must be closely coordi
nated in order to bring the results of research to the farmers in the shortest 
possible time. And since research must be financed from profits, the seed 
must be sold at a price that provides adequate profit to sustain research. 

With these objectives in mind, we established modest seed production and 
distribution facilities, first in the Caribbean, in 1968-69, and later in Central 
America, in 1970-71. Our four years of experience in marketing hybrid seeds 
in Central America have shown the following: 

1. If a hybrid performs, farmers will buy the seed year after year. And, 
contrary to widespread belief, small as well as large farmers can and will buy 

hybrid seed: anywhere from 10 percent, in Panama, to 80 percent, in Nicara
gua, of our hybrid seed customers are small farmers. 

2. There is no doubt that hybrids are bred to take advantage of better than 
average farming conditions. However, even under average growing conditions 
they do perform significantly better than the local varieties, thus contributing 

to increased yields at the farm level. 
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With our tropical res :arch and distribution of seed well under way in Cen

tral America, we extended our activities to other developing areas of the 

world, including Brazil, India, and, more recently, the Philippines. The results 

are similar to those obtained earlier in Centralobtained in each country 
America and the Caribbean. In Brazil, we have two yellow maize hybrids 

under seed production, and seed is being successfully marketed there. 

In India, we started with limited seed production in 1974, and we are 

scheduled for greater production in 1975-76. The hybrids being produced in 

India are X102 and X104. These were developed at our Hyderabad Research 

Station from inbred lines supplied by the parent company from the United 

States and Jamaica. Tests conducted in Andhra Pradesh during the 1973-74 

season revealed that these varieties outyielded the best available local hybrids 

(Ganga-5 and Deccan) by 17.4 to 31.0 percent at each of nine locations. 

All our overseas research stations undertake research on hybrid sorghum as 

well as hybrid maize, and most of our overseas producer-distributor organiza

tions which produce and market hybrid corn seed are also marketing hybrid 

sorghum seed. 
In this chapter, I have attempted to point out what can be done in crop 

improvement research with limited resources of manpower, capital, and land. 

The approach of our company has been what is called a "small experiment 

station" approach. The philosophy behind this method is that described by 

Wallace and Brown in their book Corn and Its Early Fathers. 4 As they have 

put it: 

IT]here are dozens of plantbreeders who can point to the fact that 

when they were living very close to their plants, seeing them every day, 

and spreading attention thickly over a small area, they got many times 

greater a return per hundred square feet than they did when working 
with large numbers of plants covering acres of land. 

The modern trend in plant breeding is in exactly the opposite direc

tion. The present emphasis is directed toward doing things in abig way, 

toward the use of large numbers and "coordinated research" . . . toward 

the use of large areas of land, and in many cases, routine types of in
vestigation and thought. The work accomplished is often measured in 

terms of budget size, of the number of pollinating bags used, or the 

number of acres devoted to yield testing ... 
The point we are making is that lots of land, equipment and power 

can never produce scientific advancement in plant breeding or anything 

else unless ideas are big enough to match. And unfortunately, when the 

equipment, land and manpower pass a certain point of immensity, the 

men who are supposed to do the scientific thinking tend to become 

mere administrators, making the wheels go around, keeping records, 

compiling tables, but not thinking often enough or hard enough about 
the next fundamental step forward. 
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The early IIYV's of wheat and rice were developed when research facilities 
were, by modern standards, rather "primitive." 

Conclusions 

The goals of research work at the international institutes and in the genetic 
supply industry are the same: that is, to help farmers to produce more per 
unit of land area than they are now producing. In our comp y' there is a 
common saying: "What is good for the farmer is good for us"; therefore we 

have a strong interest in the farmer's welfare. However, the decisions that set 
the scope and direction of private research are motivated by a strong vested 

interest in contrast to those which allocate and direct research at the insti
tutes. 

There are several areas in which sonic sort of relationship between the in
stitutes and the private sector already exists and in which exchange of in

formation has been occurring. However, there is a need to strengthen this 
relationship considerably. For example, one of the areas in which coopera
tion between the two could be expanded is in the exchange of breeding ma

terials. It is well known that the effectiveness of a breeding program is, to a 
large degree, dependent upon the extent to which elite breeding materials are 
present in a breeder's nursery. It is therefore highly desirable to establish an 
exchange of breeding materials between the two on a more or less regular 
basis. 

Another area in which the private sector and the institutes can expand 
their cooperation is in variety evaluation work. At present, there are several 
regional test programs in which institute scientists arc directly or indirectly 

involved, for example, the Central American Cooperative Project for the Im
provement of Basic Food Crops (PCCMCA) in Central America, the Inter-
Asian Corn Program (IACP) in Asia, the East African Maize Variety Trials 
(EAMVT) in East Africa, and the West African Uniform Maize Trials (WAUMT) 

in West Africa. The private sector could benefit greatly if it Lould have its 
varieties/hybrids evaluated and obtain meaningful information through the 
worldwide contacts of the institute scientists. 

Seed production and distribution form another area in which cooperation 
between the institutes and the genetic supply industry can play a significant 

role in increasing the productivity of farmers. 
The common method of wheat and rice improvement in the temperate 

countries is, and has been, hybridization and selection. In the late 1950s and 

earl), 1960s there was a general trend to breed short, early, fertilizer-respon
sive varieties of several crops, including important cereals. ]IMMYT and IRRI 
scientists successfully exploited these techniques to evolve high-yielding vari
eties. 
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For maize and sorghum, however, the most widely and successfully em

ployed method of improvement is the inbred-hybrid method. In other words, 

two crops is based upon exploitation of controlled 
improvement of these 

of the maize breeding now being done by the international 
heterosis. Much 

institutes, however, emphasizes the development of improved synthetics and 

populations and largely ignores the use of hybrids. The reason most often given 

for this approach to breeding is that farmers in most developing countries do 

to make good use of hybrid 
not employ sufficiently advanced technology 

seed. As we have pointed out earlier, we have not found this to be true. A 

reason is the failure of the institutes to work out satisfactory 
more realistic 

systems of seed production and distribution of hybrid varieties in the de

veloping countries. Instead of making an all-out effort to resolve the problem 

of seed production and distribution systems, the institutes have discontinued 

work on an effective and proven breeding methodology. 
corn and sorghum offers tremendous

The hybrid approach to improving 

a hybrid is the product of at least two parents in the case 
flexibility because 

and four parents in a
three parents in a three-way cross,of a single cross, 

By combining lines (parents) with different qualitative traits 
double cross. 

have great
to disease and insect resistance and the like, one can

with regard 

diversity among the hybrids which are put on the market.
 

the objectives of the international
Regardless of the methods employed, 

the same - that ofas mentioned earlier, are
institutes and the private sector, 

improving agricultural productivity. There is every reason, therefore, for in

are now engaged in vari
creased cooperation between the two groups. Both 

doubt continue this activity. It would 
etal improvement, and both will no 

seem that the institutes are much better prepared than the private sector to 

provide the extension service so badly needed in the Third World. The private 

sector, on the other hand, is much better equipped to provide those services 

associated with seed production and distribution. 

Agricultural research need not always be expensive in manpower, capital, 

or land. Increased cooperation between public and private sectors can further 

reduce these costs and increase efficiency. 

NOTE S 

1. In addition it may be noted that yields rose 67 percent in Ilungary and 64 percent 

in Rumania. 
widely spread Unitedhybrid and/or inbred lines. The most

2. United States-bred 
States hybrids were W240, W155, W275, W355A, W416, W464 among the early maturity 

among the medium maturity group; 
group- Iowa 4417, Wisconsin 641AA, Nebraska 301 

13, Ohio C92, and Kansas 1859 among the late maturity group.and U.S. 
United States inbred lines were used extensively in hybrid combinations with 

Several 
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the European lines. These are WF9, 38-11, C103, Ily, 01143 0117, 01-151, W22, K148,K150, N6, and M14 for the Danube Plain and other regions of southeastern Europe. Forthe northern European production zone, early maturity lines such as WI 53, W37A,W19A, W41A, W59E, W9, WD, A374, A375,M13, and 1205 were commonly used.3. Moreover, yields rose substantially in both periods in Czechoslovakia, Hungary,
and Spain.

4. If. A. Wallace and W. L. Brown, Corn and Its ',irly latbers (East Lansing: Michigan State University Press, 1956). 
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A Systems Approach to
 
Agricultural Research Resource Allocation
 
in Developing Countries'
 

Per Pinstrup-Andersen and David Franklin 

Effcctive agricultural development requires the interaction of farmers and 
rural institutions working within constraints imposed by their socioeconomic 
and ecological environments. F'or the effective allocation of their scarce hu
man and financial resources, institutions such as those involved in public agri
cultural research must take into consideration the needs of farmers as well as 
overall national, social, and economic goals. Dccision-making on agricultural 
research resource allocation has rcceived less attention than has farmer deci
sion-making. As a consequence, there is a shortage of both useful data and ef
fective techniques for their analysis. 

While improved productivity and increased production may be the im
mediate goals of applied agricultural production research, they arc at the 
same time the means to reach sonic final goals such as improved human nutri
tion, a more equitable income (list ribution, aInd increased foreign exchange 
earning. Agricultural research in.,titutions are prcsumcd to seek ways to pro
duce more and/or better food, feed, and fiber at a reduccd per unit cost and 
in such a way as to maximize the contribution of agriculture to the achieve
ment of ultimate social and economic goals. I lence, there is a need for effec
tive means to assist in predicting the rz:ativc contributions and costs of alter
native research activities in order to establish research priorities and allocate 
available research resources. 

This chapter suggests a systcms approach to the collection and analysis of 

416 
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information expected to be useful for establishing such 2mcans. The firstpart offers a brief discussion of means and ends in agricultural research. Thisis followed by outlinean of a scheme for data collection and analysis; thechapter terminates with a discussion of some of the information-generating
efforts currently under way in CIAT. 

A'letins and Ends in Agricultural Research 
A clear understanding of the distinction between final and immediate goalson the one hand and means to reach these goals on the other is essential toappreciate full), the need for improved tools for research management and toassure that such tools are relevant for establishing research priorities. For example, while increased production may be an immediate research objective,it is not a final goal of agricultural research but rather a means to reach sonicfinal goals such as improved income distribution or improved nutrition. In asimilar fashion, improved income distribution, although itvelopment goal, may be a final dedoes not serve as a working objective for the agricultural

scientist.
 
To help clarify the distinction between 
means and goals, Figure 20-1lines the process outby which applied agricultural production research may contribute to the achievement of social and economic goals. Successful appliedagricultural research produces knowledge

seed. 
and/or improved material, e.g.,The knowledge and improved material may be fed back into the research process for further work, or it may be releasedtechnology. There are 

to the farmers as newthree - and Only three of such technology: (I) 
potential direct contributions

increasing technical efficieccy, a measure of outputper unit of input %%,hereboth output and input arc expressed in physical terms(e.g., production per hectare) of at least one resource; (2) changing the claracteristics and comositioni of piroducts and developing 
new products (e.g.,
developing plant types more suited to mechanization and improving theamino acid composition in tie protein of a given crop); and (3) reducing production risk. Any 
 other contribution will be indi-ect, that is, it must comeabout as a consequence of one or more of the three direct contributions.There are three potential results of the direct contributions listed(1) changing the composition and 
above: 

luantit' of tile aggregate supply of food,feed, and fiber; (2) changing the composition and quantity of the aggregateresource demand, e.g., increased or decreased cnployment; and (3) changingthe composition and quantity f' aggregate domestic farm consumption. Anyof these results may contribute to the achievement of national developmentgoals through changes in clements such as farm income and its distributionamong groups of farmers, relative resource earnings, consumer real inconie 
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Figure 20-1. Illustration of the potential outconics and implications of agricul
tural research. 
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and its distribution among consumer groups, foreign exchange earnings, and 

human nutrition. 
Viewing agricultural research and its potential outcomes and implications 

as aprocess reduces the confusion over means and ends. The first level of out
comes (marked by (1) in Figure 20-1) is clearly a set of means, except when 

research is carried out for its own sake. The second level represents the work
ing objectives for the agricultural production scientist. For research manage
ment and society as a whole, however, this level expresses alternative ap
proaches to the goals shown in the fourth level. The third level in Figure 20-1 

represents the vehicle by which activities meeting the scientist's working ob
jectives influence the achievement of the final goals. In other words, changes 

in product supply, input demand, and domestic farm consumption are not 

themselves goals but are means to final goals. 
Two conclusions may be drawn from the discussion above. First, the work

ing objectives for the agricultural production scicntist must be expressed in 

terms of technical efficiency, desired product characteristics, and/or produc

tion risk. The specific working objectives and the most effective technology 

to reach these objectives should be determined on the basis of national de
velopment goals. Concurrence between the technology specification received 

by the scientist and the technology which results in maximum contribution 
to the achievement of social goals is the responsibility of research manage
ment. 

Second, research management needs information for research resource al
location that is capable of both translating national development goals into 

working objectives for the agricultural production scientist and helping the 

production scientist select the most effective technology to reach the work

ing objectives. 

A Suggested Iu'ormationSYstem 

An effective information system for the allocation of resources in applied ag

ricultural production research must be capable of providing research manage

ment with reliable data that will make possible the establishment and the 

periodic review of research priorities in such away as to maximize the expect
ed contribution from research to the achievement of national development 

goals. The system should also provide a frame of reference within which proj

ect priorities can be established and individual projects can be accepted or re

jected without great time delays. Extreme care must be taken to avoid asys

tem that imposes heavy bureaucratic procedures on tile production scientists. 

The system should be sufficiently comprehensive to improve currently 

available methods. Ilowevcr, tile decision on how much should be spent on 
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Figure 20-2. Otulline of a series (f steps needed to translate niational develop
miIent ga in to working ObjeCtiVeS and techlogy specification. 

achieving such a system must be based on the same principles as those used to 

allocate resources among alternative agricultural research activities. 

Before the data requirements and the conceptual model are discussed, it 

may be useful to illustrate a series of steps neccessary to translate national de

velopment goals into working objectives for use by the scientist and in tech

nology specifications. The illustration isshown in Figure 20-2. 

It is essential that the devcopmcnt goals be clearly specified. The changes 

in product supply, input demand, and domestic farm consumption expected 

to meet some or all of these goals should be identified. Then the researchable 

problems, the solution of which is expected to accomplish such changes, must 
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be identified. At this point no attempt should be made to quantify the ex
pected contributions to development goals. 

Let us assume, as an example, that one of society's goals is to increase pro
tein intake among protein-deficient groups of the population. It may be ex
pected that - among other activities - increased production of grain legumes,
animal products, and high protein cassava may make a contribution. The re
searchable problems limiting production of these commodities, e.g., a particu
lar disease in field beans, the nonavailability of a high protein cassava variety, 
etc., should then be identified. 

It is important that the problems limiting the achievement of established 
objectives be identified independently of possible solutions, i.e., a "technol
ogy-free specification of the problem" should be outlined. For example, if 
the problem is one of low yields, it should be expressed in terms of the fac
tors causing low yields, such as lack of insect resistance, rather than specified 
as a problem of developing an insect-resistant variety. This is because alterna
tive solutions to the problem of the lack of insect resistance do exist. As such, 
the technology-free specification of the problem provides an implicit measure 
of the potential value of assembling technology to solve a particular problem.
The technology-free specification of the problem has to identify the farmer's 
needs and convert these needs into a specification of the parameters and con
straints that must be satisfied by the technological innovations. 

When the relevant researchable problems are identified, the alternative 
technologies expected to solve the problems should be specified. Then the 
cost, probability, and time requirements of both research and farm adoption 
should be estimated for each proposed technology. Based on these estimates, 
as well as on the nature of the problem, the structure and performance of the 
production sector, and the input and product-market relationships, it is now 
possible to estimate the impact of solving each of the problems on product 
supply, input demand, and domestic consumption. The lIst step before speci
fying the scientist's working objectives and the technology to be developed 
refers to a quantitative estimation of the contribution of alternative re
search efforts to the achievement of national development goals. 

Data Requirements and Sources 
From the broad framework presented above, it is now possible to specify 

the data requirements and the possible sources of these data. An exact specifi
cation of data requirements is not attempted. 3 Four sources of data are dis
cussed: the farm sector, the market sector, the research sector, and the gov
ernment.
 

Farm sector data. Allocation of resources in applied agricultural research is 
frequently made without sufficient knowledge about the existing problems 
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and their relative economic importance in the production process. Communi

between the farm sector and the research institute is often deficient,cation 
and the needs at the farm level for problem-solving research may not be well 

known by the researchers. 
Farmers in most developing countries-except perhaps those who main

tain large commercial operations and/or are members of efficient producer as

severe difficulties in communicating their researchsociations- tend to have 
needs to the research institutes because of institutional and social barriers. Be

cause of this situation, some research may be irrelevant to actual farm prob

lems, and research results may not be .:dopted. 

There is urgent need for a system that will provide a continuous flow of in

formation to the production scientists and other persons who make decisions 

on the increase in production, productivity, and risk likely result fromto 

such research activities as developing resistance to specific diseases and in

sects, improving cultural practices, improving plant types, and changing plant 

responses to nutrients. Furthermore, information is needed on the farmers' 

to new technology and on how these preferencespreferences with respect 
may be changed so that attention can be given to the development of technol

ogy with a high probability of adoption. 
easily be developed where there is a continuous feed-Such a system can 

back of information from the farmer through the extension service to the re

such feedback is rare in developing countries,search agency. Unfortunately, 
and it is not likely to take place on a national scale in the very near future. In 

the meantime, the essential information can probably best be obtained through 

organized surveys, including field observations. In addition to surveys, it may 

be necessary to carry out controlled experiments to determine the degree to 

which each of the various researchable problems leads to a reduction in yield. 

While field surveys will provide information on the area affected by each of 

the researchable problems and some indication of their yield-depressing im

pact, controlled experiments on yield losses will provide more exact informa
the two data sources offer a soundtion on yield-reducing effect. Together 

basis for estimating production and productivity impact of research on each 

of the problems specified. The impact of research on risk can be estimated 

from survey data on the past occurrence and severity of problems (e.g., pests, 

climate, etc.) and the resulting yield variances. 

Market sectordata. Information on the structure and performance of product 

and input iarkets is essential to predict the contribution of alternative re

search efforts to the achievement of development goals. 

Existing and expected future product-demand relationships may be very 

expansion of the supply of certain commodities whileunfavorable to the 
of others. In this regard, demand elasticities arefavorable to the expansion 
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needed to estimate the expected impact on prices and on the distribution of 
benefits between producers and consumers. In the case of new products or 
drastic changes in traditional products, it is important to predict consumer 
preferences either before research is initiated or at as early a stage in the re
search as possible. Although a certain change in a traditional product may 
make it "better," using some objective measure such as nutritional value, the 
consumer may find it less acceptable than the original product. A number of 
cases could be cited where "good" products have been developed through re
search, only to find that they were unacceptable to the consumer. Ilad the 
const ner preferences been checked out at an earlier stage, a considerable 
amount of research resources might have been saved. 

Instead of allocating research resources to fit existing product market re
lationships, it is frequently possible to change the market relationships to fit 
the research results. For example, consumer preferences may be changed or 
new markets may be found. It is important to predict how these relationships 
would behave in the case of supply expansion if adequate public policy mea
sures aimed at facilitating the necessary changes are to be recommended. 

The impact of new technology on input demand will depend on the par
ticular technology developed. Ilencc, before the decision is made on the type 
of technology to develop, information should be obtained on existing and ex
pected future input-supply relationships. 

Research sector data. Data are needed to estimate die costs and the time re
quirements of research as well as the likelihood of achieving desired results. 
Because of the very nature of research, its outcome can rarely be predicted 
with great precision. It is argued here, however, that efforts to achieve at least 
some crude predictions of outcomes, on the basis of existing scientific knowl
edge, are likely to make resource allocation in applied agricultural research 
considerably more efficient. 

Government sector data. Development goals may be classified under three 
general headings: growth, equity, and security. Although specific develop
ment goals may differ considerably among countries, all three of these general 
goals are usually found in somc form. 

The development goals must bc clearly defined and, i.' possible, the social
ly acceptable trade-offs among them should be specified. 

At present, research management tends to have very limited information 
on these issues, and research priorities tend to be based exclusively on the ob
jectives of increasing production and productivity. 

The Conceptual Model 
Figure 20-3 is a conceptual model for an information system for resource 

allocation in applied agricultural research. The figure outlines the relation
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Figure 20-3. FHow diagram for an analytical model for an information system 
for resource allocation in applied agricultural research. 
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ships determining the expected contribution of alternative research efforts to 

the achievement of selected development goals. It also outlines some of the 

implicit relationships we believe should be considered when decisions are 

made regarding resource allocation in applied agri:ultural research. It is not 

suggested here that a quantitative model incorporating all these relationships 

be constructed. Rather, what is intended by presenting the model is to make 

explicit tile entire range of relationships, so that vhen a particular subset of 

tile excluded relationshipsrelationships is analyzed the assumptions about 

are made explicit. 

The following social goals are considered in the model: (1) economic 

growth; (2) more equitable income distribution; (3) increased productive em

ployment; (4) increased net incomes to small farmers; (5) a more even cash 

flow to farmers; (6) improved human nutrition; (7) higher degree of self

sufficiency in basic foods; and (8) increased foreign exchange earning. The 

model may be changed to accommodate a different set of goals. Implicit in 

each numbered line is a causal relationship between change in one variable 

and change in another. 

The contribution of nev technology to the achievement of development 

goals depends heavily on existing public policy. I lence, existing policy should 

be clearly specified, and it may be useful to apply the model to allow for 

alternative policy measures. 

Selected CIA T Activities 

of the CIAT effortsThe remainder of this chapter discusses some recent 

aimed at developing and field testing simple methodologies for generating the 

information discussed above. Although the information obtained from these 

efforts is expected to be useful for CIAT and the national research agencies 

in the countries where the empirical testing is carried out, the primary pur

pose of the work is to develop simple methodologies for use by national re

search agencies in Latin America. 

The CIAT work is discussed under three headings: single commodity anal

yses; multi-commodity analyses; and a systems engii.'ering methodology for 

small farms. The discussion is limited to selected illustrative projects. A des

cription of all the CIAT activities in this area is beyond the scope of this 

chapter. 

Single Commodity Analyses 

This type of work is relevant when a decision has been made to research a 

specific commodity either indefinitely or for a certain minimum time period. 

Although the amount of research resources allocated to a certain commodit) 
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may be gradually increased or decreased over time, the low mobility of re

search resources may not permit rapid and large changes in the relative em

phasis given to research on particular commodities. Hence, the single com

modity analysis may be appropriate, at least for the short run. 

In the case of a single commodity, information is needed on the com

modity itself as well as on its interaction with other commodities in both 

production and consumption. The current CIAT single commodity data col

lection and analysis focus on the farm sector. 

The single commodity approach attempts to identify tile factors associated 

with low productivity in a specific crop. It then proceeds to (1) identify re

searchable problems expected to improve productivity and production, 

(2) estimate the impact of solving each of the problems on productivity and 

production, (3) estimate tile costs, time requirements, and adoption proba

bilities of research for each problem and each technology, and (4) estimate 

the impact of alternative research efforts on product supply, input demand, 

domestic farm consumption, and farm sector income and its distribution on 

farm size. Such projects are currently under way for maize, cassava, and 

collected from agrocconomic surveys and agrobiologicalbeans. Basic data are 
experiments. 

Agroeconomic surveys. The agroeconomic survey attempts to transmit to pro

duction scientists and research management tile farm-level demand for ap

plied agricultural research, through establishing a direct link between the farm 

and the research agency. The survey describes the production process and 

focuses on identifying factors which limit production and productivity and 

on estimating their relative importance. Although highly interrelated, these 

factors may be classified as primarily agrobiological, socioeconomic, or insti

tutional. Given the purpose of the survey, emphasis is placed on agrobiological 

and related economic factors. 
Most of the data related to the agrobiologicalfactors are obtained from 

direct observation in the farmers' fields. The occurrence and severity of dis

ease, insect damage, and weeds are noted. Furthermore, existing cropping sys

tems, cultural practices, soil quality, availability of water, plant type, and 

general plant development are described, and yields and yield variance are 

estimated. The farmer's perception of the agrobiological problems is com

pared to field observations, and an effort is made to discover his attitudes 

toward solutions to tile problems (new technology). In this endeavor, empha
sis is placed on obtaining some indication of the farmer's objectives - includ

ing the relative importance to the farmer of income, risk, and home consump

tion - to help identify technology with ahigh expected rate of adoption. 

With respect to economic fiactors, data are sought on (1) the use of pur
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chased inputs such as chemical fertilizers and insecticides, (2) labor use and 

production costs by production activity, and (3) gross and net revenues ob

tained from the crop. 
The information sought in respect to institutionalfactors focuses on cer

tain aspects of input and product-market relationships as well as on the avail

ability and use of credit and technical assistance. 

A small team of agronomists and economists provides the data collection 

mechanism. After having received an intensive training course in diagnosing 

farm-level production problems, the team visits each of a selected sample of 

farmers three to four times over the period of a complete crop cycle. Field 

collection of data on agrobiological issues takes about half the time spent on 

each farm, while the other half is used to interview the farmer. 

Training of the field team is one of the most critical factors in assuring 

high quality data from the agroeconomic survey. Making a correct diagnosis 

in the field, for example, in distinguishing among the symptoms of certain 

diseases or types of insect damage, in most cases requires considerable ex

pertise. Before initiating an agroeconomic survey, the agronomists on the 

CIAT field teams spend acertain amount of time with a group from each dis

cipline represented on the relevant CIAT commodity team. This instruction 

is supplemented in sonic cases with training from professionals from national 

research and extension agencies. Most of this initial training takes place in the 

field. 

Agrobiological experiments. The agroeconomic survey provides an estimate of 

the area affected by each of the problems identified. Fui thermore, it gives an 

indication of the yield-depressing effect of a problem. I lowever, it is frequent

ly difficult to estimate, with a great deal of accuracy, the yield impact from 

survey data. Ilence, controlled experiments are carried out to help quantify 
the impact of the problems on yields. 

Results. The work described above is in its preliminary stages, and before the 

real value of these efforts for research resource allocation can be established 

more time is needed to terminate the first round of data collection and anal

ysis. At this stage, however, it appears that in planning their future research 

CIAT agricultural production scientists have found valuable both their partici

pation in project planning and the training and supervision of field agrono

mists and the information they have gained from the distribution of prelimi

nary project findings. 

Multi-Commodity Analysis 

As opposed to the analysis described above, the multi-commodity approach 

assumes that the choice of commodities for research and the relative priority 
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a priori. Hence, in addition to 
among those commodities are not determined 

the data collected for a single commodity, information is needed on the rela
on commodtive contribution to development goals of research alternative 

ities. 
a project whose initial objectiveIn this area, CIAT is currently undertaking 

is to develop and test a methodology to estimate the impact on human nutri

tion of increasing the production of each of a number of foods. The empirical 

testing is currently being done for the city of Cali in Colombia. In addition to 

the issue of the impact on human nutrition, the project provides information 

on the impact of alternative production expansions on consumer real income 

by income strata and may at 	a later stage be extended to include data on the 

farm sector incomes and distribution. 
4 

impact of such expansions on 
as basic data a setThe methodology is based on a simulation model using 

(one for each of five income strata) as well as curof price elasticity matrices 

rent food prices, quantities consumed, and protein and caloric intakes. The 

facilitates the estimation of the impact of alternative agricultural remodel 
search efforts on human nutrition. The model forms a part of the conceptual 

in Figure 20-3, estimating the coefficients indicated in the figmodel shown 


ure by the numbers 20, 21, 28, 29, 36, 37, 45, 46, 47. 48, and 53.
 

A Systems Engineering Methodology for Small Farms 

is considered com-This approach centers on the farmer and his goals and 
above. It in

plementary to the commodity-oricnted approaches discussed 

farm; the small farm systemvolves the development of models for the small 
the farm assemble indiis one in which the farm family and others living on 

vidual enterprises into production, consumption, and marketing systems in 

which biological and physical factors interact with social, political, and eco

nomic systems. Such systems engineering models of the small farm help to 

explain the dynamic behavior of the farm system as a function of its input 

and output relationship with external systems (the biological, ecological, and 

and it possible to identify the agriculturalinstitutional environment) make 
in stimulating changes in the pertechnologies which will be most effective 

formance of the individual farm systems. In particular, by being centered on 

is hoped, identify the principalthe farm as a system, these 	 models will, it 

limitations to the generation of well-being, income, and marketable agricul

tural surpluses in what we earlier called a technology-free specification of the 

problem, i.e., a specification of the problem independent of possible technol

ogies for its solution. The relationships explored by these efforts correspond 

to the numbers 8, 25, 26, 27, and 34 in Figure 20-3. 
for small farms is currently beingThe systems engineering methodology 

Farm Systems Program of CIAT in its collaborativeapplied by the Small 
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Figure 20-4. Cropping cycle on some farms in southern Guatemala. 

work with the Institute of Agricultural Sciences and Technology of Guatemala 

(ICTA). Before discussing the expected utility of this methodology for re

search resource allocation, we will describe briefly the overall structure of the 

models. 

'rhe collaborative project is being carried out in an agrarian zone in asouth

ern coastal region of Guatemala. Figure 20-4 shows the principal activities of 

the agricultural cycle for that zone. A schematic representation of a general 

model for the small farm system is presented in Figure 20-5, while Figure 20

6 is a reduced version currently being utilized for the stud)' of the farm sys

tem in the zone. The behavior of the small farm systen is being studied as a 

function of the principal inputs for the system: credit, prices, availability of 

of input factors, andmachinery and labor, and climate. This is a limited set 

the principal concern at this time is to understand the behavior of the small 

farm system when confronted with climatological risk and the interaction of 

this risk with other inputs. 

The farmers in this zone currently utilize almost no modern factors of pro

duction, and it is speculated that this situation is due primarily to risk aver

sion. Delays in the credit system and lack of confidence in the support prices 

create a situation in which institutional factors do not help to absorb tile risk. 

'rhere are serious delays in the availability of machinery, and aseasonal labor 

shortage exists owing to competition with the large plantations. The primary 

is to analyze whether in fact the dynamic interactionspurpose of the model 

of institutional and climatological factors are the principal limitations to pro

duction and farm incomes. 
Figure 20-6, denominatedThe principal function of subsystem Z1 in 
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"Cash," is to keel) account of and allocate the cash flow to the different 

activities of the family, including the purchase of family consumption goods, 

factors of production, and payments to credit. It is in this subsystem that 

the criteria for farmers' decisions are studied. 

Subsystem Z4 , "Crop production," is linked to the external inputs of 

machinery and climate and to the "Cash" and "Soil" subsystems. The evalua
tion of technological alternatives for production is carried out within this 

subsystem. The "Family consumption" subsystem represents the need for 

on-farm consumption of the various products produced on the farm as well as 

for the purchase of foodstuffs and nonfoods. This subsystem helps to esti

mate the family nutritional situation. 
The technical coefficients used in the model are the best estimates on the 

behavior of each of the subsystems that have been provided by technical ex

perts. The structure of the model was derived from information gathered 
through frequent visits to the zone by the members of the CIAT Small Farm 
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Figure 20-6. Reduced model of a farm sy'stem in southern (uatemala. 

Systems Program and represents the synthesis of insights available on the be
havior of small farns in that zone. 

A number of agronomic experincnts and a socioeconomic survey are being 

carried out by the CIAT Small Farn Systems Program to test the technical 
coefficients available at present and the behavior and predictive ability of the 

model. 
It is not suggested that this model as it now stands represents the total 

reality of agriculture in the zone. The purpose of developing and utilizing the 

model is to illustrate some of the principal structural relationships in tile 

physical, biological, and economic environment and to demonstrate tilepossi

ble utility of such a model. 

The model as a research guide. It is expected that this model will be useful in 

estimating tile likely outcomes of alternative research, public policies, and in

stitutional changes. With specific reference to the likely outcomes of alterna

tive extension and research policies, the model evaluates a number of pro

posed technological packages. These packages are evaluated with regard to 

their expected impact on family nutrition, family income, risk (as nicasui'ed 

by income and production variance), and labor utilization. Preliminary results 

from this work are shown in Figures 20-7, 20-8, 20-9, and 20I-10. 

Figures 20-7 and 20-8 present production trajectories generated by the 
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$120 per metric ton. 
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Figure 20-9. Simulated annual net income fromnimaize production with prices 

varying from U.S. $70 to U.S. S120 per metric ton. 

a simulated five-year period. Each production trajectory is identimodel over 
Figure 20-7 presentsfied with the production pa.ckage which was simulated. 

production under the assumption that prices fluctuate between $70 and $120 

zone. Figureper metric ton throughout the year, as is now the case in the 

20-8 presents the production trajectories under support price. Comparison of 

the adoptionthe graphs indicates that price stability can be a ncans b)y which 

of technological packages is stimulated. 

Figures 20-9 and 20-10 present the net family inconle trajectories for some 

of these technological packages under the two sets of price assumptions. Fig

ure 20-9 is illustrative of the risk that is involvid under a situation of unstable 

two of the so-calledprices and unstable weather conditions. In particular, 
"production packages" are so costly that when risks are taken into considera

tion they would generate negative net income for at least one year. Tradition

saliental, or subsistence, farmers cannot tolerate this kind of risk. Another 
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Figure 20-10. Simulated annual net income from maize production with prices 
fixed at U.S. $120 per metric ton. 

feature of the four graphs is that the traditional production package, which 

utilizes few modern factors of production, produces the lowest yields but 
tcnds to be better for net income than sonic of the more complicated produc
tion packages. The traditional system has the lowest income variance. A com
parison of Figures 20-9 and 20-10 would illustrate the potential value of an 
effectively functioning market and price support system. 

It appears that the package expected to make the largest contribution to 
the income goal is that referring to the usc of herbicides. Before this finding, 
ICTA did not have any work planned on weed control for that zone. Ilow

ever, as a result of the finding, a professional has now been sent for training 
in weed control, and the collaborative CIAT-ICTA work for the coming agri
cultural season will involve extensive research on weed control methods and 

the economic evaluation of different weed control techniques. 
In addition to this immediate though preliminary outcome of the model, 

it is expected that sensitivity analysis will reveal its further utility in decision
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making on research resource allocation. This analysis will involve the estima
tion of the response of the system to variation in the parameters and coeffi
cient. The experimental work will be focused on measuring with precision 
those technical coefficients which appear to be sensitive to variation. if, for 
example, the model were to indicate sensitivity for insect damage, intensive 
research on insect control would be recommended. On the other hand, if the 
model is not sensitive to variation in these technical coefficients, such re
search would have a lower priority. Thus the model can be utilized to estab
lish research priorities both in the farmer's field and at the experiment sta
tion. 

The above-mentioned systems simulation efforts are expected to be utilized 
for the agrocconomic survey results to achieve sonic of the analyses suggested 
by the conceptual model presented in this chapter. 

NOTE S 

1. Acknovledgment is due to John Fitzsimons for his valtiable suggestions on this 
chapter. 

2. A discussion of the systems approach in general may be found in a number of 
[looks including Stanford I. Opener, cd., S' srs A/..lna'ysis (Middlesex, England: Penguin 
Modern Management Readings, 1973); C. W. Churchman, R. .. Ackoff, and E. L. Arnoff, 
httrodtctio,, to ()peratious Rere~och (New York: Wiley, 1957); A. W. Wyniore, S3,st.ms 
Ingine'riog ,ietbodlohgy ftir Int'rdisciulimiao ,,,ns(New York: Wiley, in press); 
Preston C. Ilammer, el., A dv,anc,'es ila at.,''matical SYst,'ms 'beorr (University Park; 
Pennsylvania State University Press, 1969). The usefulness of this approach for research 
resource allocation is discussed in John t.. Dillon, "The Economics of Systems Research," 
paper presented at the Agricultural Systems Research Conference, Massey University, 
Australia, November 20-22, 1973. 

3. A more complete discussion of data requirements may he found in Per Pinstrup-
Andersen, "Toward a Workable Management Tool for Resource Allocation in Applied 
Agricultural Research in Developing Countries," revised version of paper presented at the 
Ford Foundation meeting for Program Advisors in Agriculture, Ibathan, Nigeria, April 

29-May 4, 1974. 
4. The results of this research are reported by Per P'instrup-Andcrscn et al. ill 

"'The Impact of Increasing Food Suplv on luman Nutrition: Implications for Coin
modity Priorities in Agricultural Research and Policy," .. t,'riC, .Ior'1,) o." .Igricol
ttral Fconomic's, 58 (,\Iay 1976), 131-142. 
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Models and Methods Used
 
to Allocate Resources in Agricultural
 
Research: A Critical Review'
 

C. RichardShuniway 

Introduction 

The objectives of this chapter are to describe systems of rcsource allocation 
now being used by United States public agricultural research organizations, 
either routinely or experimentally, and to suggest other procedures potential
ly useful to the administrator in ranking research proposals and allocating re
sources to them. 

Current Decision Process 

Thc greater part of agricultural rcsearch conducted in the United States is 
performed by public organizations, primarily the USI)A and the various state 
agricultural experiment stations. While the decision process for allocating re

sources among research efforts varies considerably between organizations, the 
following approach is rcasonably typical. 2 The management system consists 
of the administrator, department heads, and professional scientists. In the 
project funding process the ddministrator judges project outlines submitted 
to him by department heads, who have previously analyzed proposals pre
pared by a larger number of scientists, most of whom are tenured or career 
staff. Decisions about individual projects are made largely on a year-to-year 
basis by each scientist acting as an entrepreneur on behalf of his own profes

sional life; if he chooses projects that are not rewarding to the funders, to 
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other scientists, and to the administration, he suffers. A great weight is placed 

on him for selecting the appropriate projects. The decision function involves 

not the selection and funding of specific projects so much as the employment 

of specific scientists who will be attached to tile research organization for a 

considerable period. Emphasis is on maximum freedom for the scientist to 

select projects and undertake desired research with minimum control or direc

tion from administrators. Furthermore, if experiment station administrators 

are not willing to support specific research, the scientist there is normally free 

to seek grant funds from outside sources. 

Why Modified Decision Processes Are of Interest 

Soon after World War II, as public investment in research began a two

decade period of rapid growth, investigations of alternative approaches to the 

management of research were reported for the first time. The stimulus for 

such work appears to have come primarily from corporate managers con

cerned with the rate of return from investments in research as opposed to 

other activities and from government funaLrs anxious to prevent waste from 

the rapidly growing budget. Since thc avail-,bilitv of scientists was lagging be

hind, it was a seller's market. Researchers had little difficulty securing funds 

for interesting problems. 
Things are now different, however. The cycle appears to have peaked and 

the supply-demand relationship has changed. Federal research and develop

mient expenditures arc leveling off; substantial decreases have occurred in 
3

several areas, including atomic energy and space. Nonfederal expenditures 
effects of inflahave continued to rise, but not east enough to offset even tile 

tion. 4 With greater competi..on among scientists for available funds, internal 

pressures for more intensive investigation of management processes have sur

faced. 
Attention is focusing more directly on the research administrator, an iii,

portant link between funding sources and scientists. It is he who must ac

count for current expenditures of funds while assuring significant achieve

nients over time from a highly uncertain production process; he must allocate 

support funds even though lie cannot pronranI breakthroughs; lie must keep 

scientists' morale high and give them sufficient latitude to perform at their 

best at the same time they are competing more strenuously for limited re

sources. Ile can solve the increased competition problem simply by allocating 

support funds evenly among all researchers or in proportion to salary. Ile can 

also reduce the size oif his research staff through attrition and/or termination 

of untcnured or noncareer scientists. Or, lie or his designates can evaluate the 

merits of individual research proposals and specify which will be funded and 

for how much. 
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Of pertinence to this last alternative, an impressive array of management 

techniques have been generated in the last few years, the objectives of which 

are to help the administrator to be internally consistent and/or to increase 

his likelihood of receiving essential information to form a valid judgment. 

Some of these structurcd methods are technically referred to as "decision 

models." lowcver, virtually all that are applied to problems of ranking and 

resource allocation in research are more appropriately classified as "informa

tion systems." They mechanisms or logics for generating information forare 
the decision-maker(s) rather than for automatically effecting decisions. 

Ixa m 's of Stru1ctu1red infornzationI SYstems 
in AgriculturalRese arcb 

Several new concepts in the management of agricultural research resources 

have recently been implemented or experimented with in the USDA and at 

state experiment stations. Some have already been well publicized, e.g., 

USDA's Planning, Programming, and Budgeting System (PPBS), Iowa's Re

view Panel System, California's Acadcmic-Responsive Budgeting System, and 

Minnesota's Resource Allocation Information System. 5 Florida's system for 

establishing accountability in rcsou cc allocation in agricultural research was 

discussed in a paper presented at the American Agricultural Economics As

sociation meeting.' Thercforc, attention will bc given here to two recent ap

plications of structured methods. One organization is a component of the 

USDA Agricultural Research Service; the other is a state agricultural experi

ment station. A similar numerical approach ti.c., scoring models) was applied 

by both organizations to develop a rank order of rescarch activities. 

Agricultural Research Service Resource Allocation 
Experiment in Livestock Research 7 

Before fiscal year 1972, the deputy administrator of the Agricultural Re

search Service (ARS) in charge of livestock rcscarch initiated it comprehensive 

evaluation of all research activities under his jurisdiction. Approximately $1 

million was withheld from initial allocations to permit expansion of research 

efforts in those areas judgcd to be of highest priority. 
The research program, was divided into two echelons of effort - projects 

and program activities (aggregates of research projects). Research projects 

were further subdivided into two groups - ongoing projects and proposed 

new starts. 
ThreL panels evaluated research efforts of each type - program activities, 

ongoing projects, and proposed new starts. Panel A, consisting of eight mern

bers (assistant division directors, branch chiefs, and one laboratory director), 
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evaluated animal science research efforts. Panel B, consisting of seven mem

bers (assistant division directors and tile directors of the three largest lab

oratories), evaluated veterinary science research efforts. Panel C, consist

ing of five members (the deputy administrator, two division directors, the 

planning, programming, and review officer and his staff assistant) evaluated 

research efforts in both areas. Members of the first two panels considered 

only those research efforts that related to their respective organization's 

programs plus other selected efforts. Members of tile third panel evaluated 

evcrything 
A scoring model was used by each panel to evaluate research efforts. The 

scoring model is a ranking approach that formally incorporates the decision

maker's subjective trade-offs and decision criteria into the model framework. 

A primary assumption is that a few criteria can be established which, when 

properly related, will specify the desirability of a decision alternative. The set 

can consist of both quantitative and qualitative criteria so long as each is in

dependent of the others. A discrete scale is developed for each criterion with 

sufficient range to include all efforts being cvaluatcd and with only enough 

categories to discriminate between those that differ significantly relative to 

the criterion. An overall score is calculated for the effort by summing the 

product of criteria weights and scores over all criteria. 
Different criteria were considered in evaluating different types of research 

effort. For example, five critcria were used to evaluate research activities, six 

for ongoing projects, and eight for proposed new starts (see Table 2 I-1 ). Cri

teria weights were specified by members of Panel C, including the deputy ad

ministrator and the planning, programming, and review officer. Panelists then 

evaluated research efforts with respect to each criterion by distributing ef

forts evenly across a five-point discrete scale. An avcrage score for each effort 

was obtained by giving equal weight to each of the three panels and equal 

weight to each member of an individual panel. 

Considerable information on each research effort was available to all panel 

members. For the research activities, information included identification of 

the current state of the art, technological objective, promising research ap

proaches, consequences of attaining the technological objective, magnitude of 

potentiai benefits, probability of success, and research resources required over 

a ten-year period. For ongoing research projects, information included tile lo

cation of work, research activity contributed to, major achievements, publica

tions, and research resources used in the previous year, redirection, objectives, 

plan of work, and resources required for tile next year, initiation date of 

work related to the project, and planned duration. For proposed new starts, 

information included location of proposed work, research activity contribut

ed to, ongoing project related to, justification for the proposal, objectives, 
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"rahle 21-1. Criteria for Evaluating Livestock Research 
in the Agricultural Research Service (ARS) 

Evaluation Level 

A. Research activities 

B. Ongoing projects 

C. Proposed new starts 

Criteria 
Criteria Weights 

1. Benefit/cost ratio 	 40 
2. 	 Fxtent to which research meets national, 

ARS, livestock research, and division goals 15 
3. Contribution to knowledge 	 15 
4. Urgency 	 15 
5. Inadequate research results are expected
 

elsewhere 15
 
Total 100 

1. Priority of corresponding research activity 20 
2. 	Iniportance of corresponding specific re

search activity goal(s) identified as being 
contributed to by this project 20 

3. Past achievement (last fiscal year) relative
 
to cost 15
 

4. Goals set for the next fiscal year are spe
cific, realistic, and worth achieving 15 

5. Urgency 	 15 
6. Cost relevance for this project 15 

Total 100 

1. Priority of corresponding research activity 15 
2. 	Importance of corresponding specific re

search activity goal identified as being con
tributed to if this proposal is funded 21 

3. Priority of ongoing project to which this 
proposal relates 15 

4. Goals set for the next fiscal year are spe
cific, realistic, and worth achieving 10 

5. Urgency 	 10 
6. Cost relevance for this proposal 10 
7. Adequacy of plan of work 	 10 
8. Suitability of location 	 10 

Total 100 

specific goals for the next fiscal year, plan of work, expected duration, re
sources required, and impact of this proposal on other projects. 

From this evaluation, all 98 research activities, 210 ongoing projects, and 
134 proposed new starts were rank ordered. The results were provided to the 
deputy administrator for his guidance in allocating funds initially held in 
reserve. Results were also disseminated to all livestock research managers and 
to scientists at their discretion. Because the nature of the scoring model neces
sitated the evaluation of specific aspects of each research effort, information 
was available to division directors, branch chiefs, and scientists concerning 
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Table 21-2. Livestock Research Activities Rank
ing in Top 15 Percent in ARS Experinient 

Rank Research Activity 

I Beef cattle reproduction 
2 Diagnosis of foreign animal diseases 
3 Foot anti mouth disease 

4 Swine reproduction 
5 Dairy cattle selection ant breeding 
6 Pork quality 
7 Dairy cattle reproduction 
7 Beef quality 
9 Beef caLtle feed efficiency 

10 Calf scours and enteric diseases 
11 African swine fever 
11 Animal waste research 
13 Pesticide residues 
14 Dairy cattle feed efficiency 

in which specific efforts were judged by their superiors to bc deficient. 

The results of this exercise were not used to terminate all low-ranking re

search efforts. However, they did provide an informational base from which 

some resources were reallocated from low-ranking to high-ranking efforts. 

Research activities ranking in the upper 15 percent include those listed in 

Table 21-2. 

areas 

North Carolina Experiment on Research Priorities 8 

Public concern about increasing costs and complexity of agricultural and 

related research, coupled with leveling off of research support and stronger 

demands for accountability, led to a general evaluation of agricultural re

search priorities and of research resource allocation at the North Carolina Ag

ricultural Experiment Station beginning in 1972. The immediate goal of this 
shouldexamination was to determine which research problem areas (RPAs) 

be given greater emphasis at the station in the next five years. 

A joint administration-faculty effort was mounted to conduct an exhaustive 

review of all research programs and projects at the station and to explore pos

sible redirections for the future. All members of the research faculty and 

much of the extension faculty participate!d in the study. Outside scientists 

evaluated faculty task force recommendations. Recommendations included 

funding and scientist reallocations and additions at the RPA and sub-RPA 

level. Narrative support for such changes was further evaluated by numerical 

assessments of the recommendations based on a small number of important 

criteria. A set of scoring models was applied in this part of the evaluation. 

Twenty task forces, each composed of five to ten research and extension 
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faculty members and occasional representatives of state agencies, reviewed 

the entire research program of the station. One task force was appointed for 

biological sciences and technology, five for animal research, six for plant re

resources research, and five forsearch, three for environmental and natural 
research. Each one was responsible for evaluatfood-fiber-people-economics 

of the total program, generally crossing departmental lines.ing a portion 
They recommended quantitative changes in resource use (both money and 

recomscientists) as well as timing for such changes, and they rated each 

mendation according to prespecified criteria. 

Following submission of the task force reports, eighteen extramural panels, 

associated with North Carolina Stateeach consisting of three scientists not 

University and chaired by a representative of the Cooperative State Research 

Service, evaluated the task force recommendations. They rated those recom

mendations, using the same criteria considered by the task force, and also 

made independent recommendations for resource allocation. 

To this point the evaluations were interdisciplinary in nature. The twenty

to the task force recommendationsthree academic departments then reacted 

and extramural panel reviews in a disciplinary context, developed a third set 

of five-year recommendations, and rated the task force recommendations. 

The scoring models were developed beginning with the list of evaluation 

criteria used in the National Program of Research for Agriculture. 9 The sta

them to improve apparenttion administration consolidated and restructured 

independence and rele'ance. These proposed criteria varied between the four 

major research areas. They were submitted through the mail to members of 

the Research Planning Advisory Committee, composed of department heads, 

first for revision of the criteria sets and then for specification of importance 

weights. Revisions, weightings, and explanations of reasons for them were 

developed by each member of the committee, summarized by the administra

tion, and resubmitted to the committee members using an interactive Delphi 
permit modification ofprocedure."1 This approach was repeated twice to 

initial opinions based on the convincing anonymous arguments of others. The 

four criteria sets, with the approximate wording developed by the committee, 

are listed in Table 21-3 together with their average weights from the final 

Delphi round. To permit comparison across major research areas, the criteria 

weights for each area were standardized by the committee to sum to 100. 

Without knowledge of the weight attached to each criterion, each member 

of the three groups -task forces, extramural review panels, and department 

heads - independently scored task force recommendations for increased RPA 

a five-point scale. Some participants rated most RPAs in the up

per two scoring intervals while others dispersed them more evenly among all 

not score all RPAs, it was possible that those 

resources on 

intervals. Since each person did 

RPAs scored by the former rated higher than those scored by the latter only 



Table 21-3. Criteria for Evaluating Research Problem Areas at 
the North Carolina Agricultural Experiment Station 

Criteria 
WeightsResearch Area 	 Criteria 

A. Biological 1. Urgency -basic information needed to aid in solution to 
20sciences 	 threat or problem. 
15and 2. Cost relevance - expected long-term benefits in relation to costs. 

tech- 3. Degree to which similar research is not now being conduct

nology ed or not likely to be conducted elsewhere (higher scores if 
inadequate research results expected elsewhere). 15 

4. General importance and potential for contribution to knowl
edge. Iligher scores to be assigned for greater scientific merit 
and potential for contribution to faculty development and 
improved academic performance. 5( 

Total 100 

B. Animals 	 1. Extent to which proposed research is consistent with sta

and 	 ton, regional, anti national goals in agriculture and forestry.
 
Consider economic value of the crop or animal enterprise
plants 
and its products to people of North Carolina. 35 

202. Cost relevance - expected benefits in relation to costs. 
3. Extent to which similar research of adequate quality is not 

being conducted on this commodity elsewhere (higher score 

for RPAs and sub-RPAs for which adequate results are not 
likely to be available elsewhere), and degree of urgency of 
need for research results. 20 

254. 	Potential for contribution to knowledge. 
Total 100 

C. Environ-	 1. Extent to which proposed research is consistent with ,a

merit and tion, regional, and national goals in natural resource develop

natural ment and conservation. 
 35 
resources 2. Cost relevance - expected benefits in relation to costs. 15 

3. Extent to which similar research of adequate quality on this 
resource is not being conducted elsewhere (higher scores for 
inadequate research elsewhere) and whether or not there is 
(1) athreat to nat ural resource, (2) public pressure, or (3) a 

critical need for environmental protection. 15 
4. Potential for contribution to knowledge. 	 20 
5. Extent to which the research will aid in meeting broader pub

lic service commitment of the school and university, beyond 
15traditional statutory charge of the experiment station. 

Total IO 

D. Food- 1. Extent to which recommended research is consistent with
 

fiber- station, regional, anid national goals of promoting and pro

people- tecting public health and improving family living; potential
 

economics for improving quality of life and developing rural communi
ties in North Carolina. 35 

2. Cost relevance - expected benefits in relation to increased 
costs of research in these areas, resulting from these recom

20mendations. 
3. Extent to which similar research of adequate quality is not 

being conducted elsewhere (higher scores for inadequate re
search elsewhere) and whether there is (1) public support for 
research to evaluate the impact of improved agricultural tech

nology, (2) a threat to public health, or (3) aneed for infor
mation to support new processing industries. 20 

25 
Total 100 

4. Potential for contribution to knowledge. 
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because of personal differences in using the suLjective model. While there are 
also legitimate reasons for different average scores between participants, no 

objective procedures were available to make such interpersonal judgments. 

Therefore, to permit comparison across participants, each person's scores 
were given equal weight by adjusting proportionally so that the average over
all score for all RPA resource increases evaluated by an), individual was the 
same. 

Recommendations for resource increases in ninety RPAs were evaluated 
with the scoring models. Project rankings were obtained from the adjusted 
scores according to two standards: average score by all raters and average 

score minus one standard deviation of all raters. Although this latter standard 
forces the rank to respond to some extent to the degree of variability among 
participant scores, it is of course arbitrary. The standard deviation is comput

ed based on the assumption of a normal distribution. For the normal distribu
tion, approximately 83 percent of observations lie above the iean minus one 
standard deviation. If the observations are skewed to the right, more than 83 
percent of them would lie above this point; if skewed to the left, less than 83 
percent would. For other distributions the percentage may also be different. 

The second standard caused RPAs for which there was much sampling vari
ability, difference of opinion, and /or variability in the basic predictability of 
the area to be ranked lower than when ordered according to the first standard. 

RPAs with little difference ranked higher in the second list. Ten RPAs that 
ranked in the top 15 percent on both lists are as follows (not in order of 
rank): 

Appraisal of soil resources 
Control of diseases, parasites, and nematodes affecting forests 
Control of diseases of livestock, poultry, and other animals 
Genetics and breeding of forest trees 
Improvement of biological efficiency of field crops 
Improvement of biological efficiency in production of livestock, poultry, 
and other animals 
New and improved forest products 
Improvement of economic potential of rural people 
Improved income opportunities in rural communities 
Improvement of rural community institutions and services 

As expected, there was considerable difference of opinion between raters 
and between groups of raters. Between groups, the rank order correlation be
tween the department heads' scores and the extramural panels' scores was 
highest at only .45. The correlation between the task forces and extramural 
panels was comparable at .42 while the correlation between the task forces 

and department heads was .24. Furthermore, an analysis of variance suggested 
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that the variation of scores between groups was not significantly different 
from the variation between raters of the same group. There was no evidence 
that the three groups came from different populations of opinion holders,
only that the population was extremely diverse. The coefficient of variation 
of scores for individual RPAs was frequently in excess of 20 percent. 

Alternative Methods 
The first part of this chapter has described a currently typical resource al
location decision process and has presented a pair of case studies in the ex
perimental application of a more structured mechanism. Attention will now 
turn to a review of various other methods reported in the research manage
ment, utility theory, and behavioral science literatures that could help the 
research administrator to be internally consistent when ranking research ef
forts and allocating resources to them. They do not assist directly in formiu
lating the "correct" judgment about a particular effort, although some stinlu
late opinion changes through additional information. These techniques vary
widely in the amount of time required to implement them, processing costs 
incurred, and information generated. Important questions selectively addressed 
in this section include: (1) I low quickly can judgments be obtained using the 
technique? (2) What processing costs are incurred? (3) I low many opinions 
are listened to? (4) I low does the technique affect the risk of abad decision? 
(5) What types of information can be obtained from the process (i.e., ordinal 
or cardinal ranking of projects, benefit/cost ranking, recommended alloca
tion, summaries of spcctified characteristics)? (6) Ilow does the process han
die funding options, multiple constraints, and uncertainties? (7) With how 
many techniques is it compatible? (8) low have users judged the value of its 
products? 

Project Ranking 
Methods of ranking projects using both single and multidimensional mea

sures of project benefit will be introduced first. 

One-dimensionalranking methods. Several techniques, including Q-sort, paired 
comparisons, successive ratings, and successive comparisons, are included in 
the category of individual participant comparative m'thods. 11 In each of 
these techniques a single judge compares the overall subjective worth of one 
item with another or with a group of items. When only a few items must by 
evaluated, methods in this group are among the simplest procedures for sys
tematic comparison. An implicit assumption is that each item is independent 
and mutually exclusive of all others. 

With Q-sort, projects are divided into hierarchical categories on the basis 
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of their expected benefits, or on an), other standard basis. Typically, essential 
information about a project is written on a card and the cards are then sorted 
into piles. No quantitative values are assigned to any category, but each may 
be divided into additional categories until no significant differences in antici
pated benefits are discernible among its projects. 

With paircd comparisons, a complete ordering of projects is obtained and 
verified. All possible pairs arc exarincd, and thc project within each that has 
the higher expected benefit is identified. Again, no quantitative value is as
signed to any project -- only an ordinal ranking. After projects are ordinally 
ranked, successive ratings and/or successive comparisons can be applied to 
establish and verify a relative cardinal ranking. Benefit-cost ratios can be 
computed from these rankings and used as a rational method of allocation if 
the funding decision is strictly of the "go/no go" type. 

With successive ratings, an arbitrary base number is assigned to the highest 
ranked project. Numbers are given to each subsequent project in accordance 
with its anticipated benefits relative to the top one. These values are verified 
by covering them and repeating the comparison relative to the lowcst ranked 
project. If significant differences appear in the two sets of numbers, the pro
cedure is repeated until consistent ratings are obtained when the scale is 
anchored to both the highest and the lowcst benetit projects. 

With successive comparisons, initially assigned values are refined by com
paring the value of one high benefit project with portfolios of lower benefit 
ones. The number of projects in the portfolio is successively reduced until 
the single high benefit project is preferred to the portfolio. The logic of this 
method is structured to establish bounds on the cardinal ranks of all projects 
and to identify inconsistcncics in earlier assigned values. 

A final comparative approach, dollar metric, permits the calculation of ab
solute benefit-cost ratios.12 Paired comparison are used first to identify the 
preferred project from each possible pair. From an estimate of the expected 
cost of each project, the participant specifies how much the cost of the pre
ferred project could increase before the other would be chosen. II repeats 
this procedure for all pairs. Next, lie determines how much the cost of the 
least preferred project could increase (or dccreasc) before lie would be indif
ferent toward the choice lIctwn-c funding the project or not having a project 
in this research area. This base figure permits the specification of anticipated 
benefit in dollar terms. By identifying actual expected cost, lie can calculate 
abenefit-cost ratio with the numerator and denominator in the same units. 

Features of the cotuparative ranking methods arc summarized in Table 21
4. Also included are two rankings of the methods by case of use and user 
satisfaction with the product of the method. Rankings of the methods are 
based upon the reactions of middle managers who used four of them during 

http:ratios.12


MODELS AND MI'TIIODS USED TO A.LOCATE RESOURCES 447 

Table 21-4. Comparative Ranking Methods 

Category of Paired Successive Successive Dollar
 
Comparison Q-sort Comparisons Ratings Comparisons Metric
 

Type of rank Categories Ordinal Cardinal -- Cardinal - Cardinal 
obtained relative relative absolute 

scale scale scale 
Potential Grouping of Ranking of Ranking of Ranking of Ranking of 
uses in re- projects, projects, projects, projects, piojects, 
search program program program program program 
evalua- areas, crite- areas, crite- areas, crite areas, crite- areas, crite
tion ria, or o1h- ria, or ob- ria, or ob- ria, or ob- ria, ,r oh

jectives jectives jectivcs jectives jecti/es 
Ranking All (1-sort, dol- (1-sort, Succcssive Q-sor', 
methods lar metric, paired conm- ratings, paired coni
it can be group anti parisons, suc- group and parisons. 
used with muhidi- ccssive coi- inultidi- group aind 

menional parisons, mensional multidi
methods group anti methods mensional 

multidi- methods 
mnensio nal 
methods 

User satis- 4 3 2 I n.a.a 
faction with 
ranking 
I'ase of use 3 4 na. 

Note: Ordering of methods is based upon my experience in working with twsent y nmiddlIc 
managers who applied the methods in a large governmental research anti developmeint 
organizat ion. I = highest ranked met hod (most sat isfaci ion or easiest ). 

a Not applied. 

a workshop on benefit measurement. Those methods which were easier, fast
er, and more natural to) use also resulted in project rankings which were less 
useful and/or less satisfactory to the person applying them. Several expressed 
most satisfaction with the ranking generated by using successive comlparisons. 
I lowcvcr, each concluded that the thought process of comparing one project 
with po tfolios was unnatural and preferred successive ratings even with a 
slightly less satisfactory ranking. 

lven after the individual's subjective rankings are elicited, the prl)lem re
mains concerning which pcrsmn(s) to listen to and how to process multiple 
opinions. Using grmip -de'terminedmeasures of bem-ilt opcns tip a nunbcr of 
options. The dccision-mikcr can identif' one "best" judge and listen ex
clusively to him. Alternatively, it) increase the likelihood of obtaining a more 
nearly "correct" opinion, he can identify several experts and accept asimple 
or weighted average of their tpinions as the hest estiniate. Following this 
course also peimits the degree of variance anming their opinionsIt) he deter
mined; this is an important by-product. A third course permits interaction be
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tween participants. I lowever, when that occurs, independence of opinion is 

partially muted, and the ability to use statistical measures of variance is 

several forms of group interaction.restricted. There are 

In tile first approach, called "committee or round table," the group mecets 

together, airs differences of opinion, and concludcs with a "group opinion." 

Minority opinions may also be expressed. 

In the second, or "chain-of-connland" approach, interaction takes place 

between adjaccnt links. If a superior disagrees with a subordinate's opinion, 

in the next step when thethe subordinate's view may be totally suppressed 

superior interacts with his superior. Most tvpicall., only a single opinion exits 

is often formed through interacfrom the highest link in the chain, and that 

tion with one other person. That individual in turn presented only one opinion 

although a wide variety may have surraced in the interaction that preceded it. 

The Iowa Agricultural lxpcriment Station is using a variant of this approach, 

in which panels arc included as three links ill the chain to evaluate five-year 

research alternativcs. 13 

A third approach, "l)elphi," is a formalized method designed to promte 

(See also earlier refercnce to the useConsensus Withouit obscuring variants. 14 

of I)elphi in the North Carolina experiment.) It consists of a series of individ

ual interrogations to a group of experts, interspersed with information and 

opinion feedback. Some (LuestiOns inquire into tile reasons for prcviously ex

pressed opinions. A collection of such reasons is then presented to each 

respondent, who is invited to reconsider his earlier estimate. l)elphi attcmpts 

to improve tile coomiittec approach by subjecting views of individtial experts 

to each other's criticism ill ways that avoid face-to-face confrontation. It pro

%'idesanonymity of opinions and of arguments advanced in their defense. 

IFach of the group methods can le used to obtain ordinal or cardinal rank
canirips of projects, program areas, criteria, or research objectives. They be 

used singly or in conju nction with comparative and/or multidimensional 

methods. I lowever, while several of the comparative methods make a logical 

system \'hell used ill succession, few of' the group methods do. I have ranked 

tile methods relative to three criteria (see Table 2 1-5). ILike the comparative 

methods, none is cotisisiently high or low \wJil respect to all criteria. The one 

which requires tile least time from all judges combined also permits the fast

est rendering of a final decision because only one person need be involved, 

but it results in the highest risk of a "bad" judgM:int being made. In addition, 
measures of variant opinions are normalh\ restricted to the group average and 

l)elphi methods. 	And, although opinion variation can be calculated at each 

a statistical of variance satisfies the independencyround of D)elphi, measure 


of obsersation requirement only ill the first round.
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21-5. Croup Ranking MethodsaTablale 


Evaluation "Best" Group Chain of,
Category Judge Average Colmmittee Command Delphi 

Other ranking 	 Compara- Compara- Colnpara- Cominniittcc, Comparative
methods with live and tiveald live and compara- and multi
which each group iiultidi- multidi- iiuhltidi- live, and dimensional
 
method can lie nelnsioral rielnsiolral Iensiional multidi
used inellsional
 
Theoretical risk ci' 5 2
3 .4 1
 
"Ind judgment"
 
Total time 1 2 3 2 3 
reqluired cI'all 
judges 
Speed of obtaitn- 1 3 4 2 5
 
ing judgment
 
Estimat e of vari- no yes not usually not ustally yes
 
ance amlnolg judges
 
possihle,
 
Special prollem 	 I losv to Most re- Suhordi
areas 	 identify speclcd or iate oliiii

"best" persuasive ions are sult
judge iember's dued il suh

opinion sqluin. in
likely to teracions 
carry e
cessive
 

weight 

Nite: Evaluation cifmethods is Iy the aLit hor. The highest ranking is I,inlicating least 
risk, least lime reqluiretenr, and falstest judgment. 

aAll tiethods are flexiile as it type of rank uohtained categor*., ordinal, and/or
cardinal typc if rank. The OIc.llil]Lses illresearch evaluatioi of allthese tniethods it
elude ranking of projects. programir areas, criteria, and/or oljectives. 

iliml ssit)nnl 	 TIiAIlilt rankingmtho INs. basicC ccjectivC i I" iI/Jorm/It io s.ste'mus 
is to provide important information to the administrator inia frrmi that will 
assist him ill choosing ari()ng decisiin oiptions. Ni atten pt is madc tot place 
prcojects in overall rank order, but measurements for each diiensio)n of helle
fit are listed. Several infirmation systetns lave been dc;igned for research 
project evaluation, including the coe develhped lb' lishcl for the Minlncsita 

-
Agricultural l":xperincnt Stat ion. I 
The blli'Jit (wiltriintion iidhc'Is approach is similar to thecscoring odtels 

illustrated earlier in that several factuirs are specified which can lhcused to 
Judge t'oe expected merits of a decisicin alternative. Ilhrwever, instead offspeci
fying general evaluariin criteria, overall goals of the organization are divided 
into independent, mutually exclusive objectives. The relative itmrportance of 
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laIlc 21-6. Conparison of MultiuiIlensi'ital Ranlking Metlds 

CatCgory of 
(otparison 

Minnesota Infor-
Imation System 

Scoring 
Model 

Benlfit. 
I)uliOn 

Contri-
Model 

Type of rank oh-
tained 
Pouential uses in re-
scarch evalation 

Partial cardinal 
orderings 
Quantitative it-
tribute dispilay 

Overall cardinal or-
dcrings 
Rianking of projects, 
program areas and/or 

Overall cardinal order
ing% 
I,tanking and funding of 
projects and/or pro-

Otlher ranking meth-
(f projects 
Comparaliv 

objectives 
(omparative and/or 

gram areas 
Comparative and/or 

od% each nultidi- and/or group group group 

Ilcwitsl;Ia Illt hod 
CalnIle used with 
Special properties Itialgt-stIic capacity 

for identification of 
Rankingit ay he condi
tional upon assuted 

project's\weakest ituiding pattern 

it' them arc estilniatsuch ,ohljcctivcs and the contribution Of a projcct tot Cach 

ed. Total henefit of a project may he cotimputed bV prIltC Sunimtation. 

flexibility' for c'aluating project intcrrclationships is permit-Cottsidcrahlc 

ted. For example, the structural rclationship betwctn projects and o(bjectives 

may be defictd such th:at the Conttributiton it' onc project is considered to be 

;I function of ,whichl other projects Are futIded. In this Casc it is not possible 

ti obtain a siple ordeting of Itcicfits or benct'it-cost raitos without specify -

ing the funding lcvcl of iicrriclated projects. lii 

A stitinalrV cmitp'irisom (if three multidimensional ranking methods, in

cluding scoritig Illds. is clitaittcd itl Tablc 21 -6. Scoring models have been 

uied morc thnit thi others for rmiking research pt-ojects. llowveer, partial
o rd ct'ilL¢ l'o r :+, i, ; S,, l 'clS ., ,.h ' i~'fli ct \ 1;i~ cso la I-x p c ri nc n t S taitio n 

1 led umnttta'llal 

lhi-si ttltidinti-. tottl ttchtltil i(re cottpatible lotr tse itl combination 

\\ilh ct p'arltivc '1itd gtloup III!Itud; o\%toVeir. the cotbinations vars. For 
iV le Iseid as 

S\ stiIll 1ItaV\'Also l t'1 li t l was'. 

examiplc,e pitt-il. udcrillgs providcd ,n it jI llfoiti11 sVStCett 

input dtl Itr i 'baltnu -tll rdring itili/ing the cmiparative and/orM 

grnuttit l s s Clo tlb scoWring and IIc it Contribtution mtodels, 

other nItltolsd irt ts.'d ti \%t'ight dt rilc Ccig o)r ri-search objectives,criti 

an1d ti I 1s -tllI, k is I tt'itttuid b\ th tlittltittllim tsional iodel. 

Approlachcs tbir ( )pjr iIIIn g jsource AIIIlaion 

Ii 'ii'fii .c t,ithIVY~. IClItit' .O'st r;ittt's are frequitvly used as a basis for 

IttIXilli/in t (-tItitd rthmi i iit\sttnett. To tusebtithil .gtill these ratios cx

clusisCl.s, tilte- tst Iht il title Ctinstraint oI resouirces (e.g., total research 
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budget for one period) and only one positive funding option for each project. 
'rhe decision consists merely of funding the highest ranked projects until 
funds are exhausted. Problemns may arise because of project indivisibilities 
(i.e., when there is money left but not enough to fund the project next in 
order), but a satisfactory solution can generally be obtained by a manual 
check of nearby alternatives. I lowever, when there are multiple constraints, 
time periods, and/or project funding options, iinplly allocating funds based 
upon magnitude of the benefit-cost ratio is not so appealing. 

Optimization ,iCIhud'ls s. cii'1clllyJ r rcsc"ircl,. A number of specific optinmiza
tion models have been developed for restource allocation in research and de
velopment when one or more of tile complicating factors exist. Some have 
been designed for research Cvall ation, but inyan\ arc appropriate onll for de
vclopment projects. Each purports to analV'zc quantified subjective data in : 

prespecified manner and to suggest the most appiropriatc allocation of avail
able resources, given the molel aSSUlption s. lhie vary gIcatl\y in scope al 
procedure. Virtually all focus on the allocationu of funds, and SimI ICLddrcss 
the issues of manpower and facilit' allocation as Well. Sonic are Leicrniinistic 
models; others incorporate stochastic elements. Most are Static; a few alc 
Ldynamic. SoIi1' focus only on clOnlic e'allulations; others arc not restricted 

ill the type of \'ariablc they can considCr. A few attempt to derive the optillal 
research I udgt, but most treat the research budget as aii tppet- restralilt oi 
the decision prtllcili.17 NO allocation Model dLev'ehpeld specifically for agri
cultural research allocation has been reported, although two partially dc
%eloped moLdels have been presented. The algebra for ain agricultural expcri
nlent station allocation inlmdel has been discussed by Paulson and K a lLor.19 

IHowever, the specific structure of the motdel and the nietilod of siiltion were 

not defined. '[heIlmathematical strttcturte for a fUnd lild IAtlllptWer" allocation 

problem in a utiVcrsitv dIpautiMeltin has beetn identified hV GIart\'right.* ' I The 
complexity of the problem resulted in ts teing left in conceptual form. 

Since al large numuber of nLodels have been descriied in the references 
above, this discussion will focus Oil el'epreseriIirig differentIWO i'eceIit ItdCls 

approaches to the allucation problem. Both include Operaititnal eoiipttcrizcd 
models for allocating munev to research projects. The first \%as developed for 

and hs rt ported! • been itipleinenitedl i\ in industrial research Organization. 

The 'econd moetll \wis develhoped for a Llctelise research antd develtplient Ol'
ganization and is no\' Ieing used there experimentally. lBoth arc leing usctl 

priimarily for applied research evalutatiotn. 
Atkinson and Bobis, authors of the simltioi, moudel, seek to attain iaxi

mum expected profit through Optimal allocatio tit a fixed fivc-year re;arlch 

budget amnong projects and over time. 21 lie approach is dynamic in tiat it 

http:prtllcili.17


452 SIIUMWAY 

solves the problem of distributing the funds among the five years. It incorpo

rates stochastic elements, measures costs and benefits in economic units only, 
Expectcd economicand utilizes a simulation procedure to obtain solutions. 

as a function of the ycar the projectvalue of a research product is computed 

is completed and the probability of technical, legal, engineering, and commer

cial success. Year of completion is a stochastic function of project funding in 

that and each previous year. The selection of projects, optimal rate of fund

ing, and annual allo tItion of the total research budget are determined through 

an iterative procedure using onrly point estimates of potential payoff. The 

point estimates are subsequently replaced with distributions and randomly 

sampled by simulation to estimate the range in payoff possible from the se

lected strategy. 
is both static and deterministic, butThe network model, by Baker ct 	al., 

as economic variables and permits directit incorporates noneconomic as well 
2 1 An optimal allocationinteraction between (Iccision-maker and computer. 

of a single-period resarch budget is sought through the use of a network pro

gram. Separable programming cain also be used. A pieccwisc-linear benefit 

It is maximized subject to afunction approximates the nonlinear function. 

set of budgetary constraints. The benefit funcion is completely flexible in 

the type and forl of variable it can consider. The constraint set includes an 

upper limit on total budget and upper and lower constraints on the funding 

of individual projects, program areas, technologies, and performing organiza

to permit the partitions. Intcractive opportunitics ire built into the program 

cipant to conduct sensitivity analyses by varying data inputs which are least 

certain and by asking "what if" types of questions. 

models represent different philosophical andThe simulation and network 

mathematical approachcs to allocation. Being designed for an industrial labo

economic profit is the motivating force, the simulation modelratory where 
is .:omprehensive in the types of market decision variables incorporated. Both 

are considered. The netstochastic variahles and dynamic allocation decisions 

work model was preparcd for a government research and development organi

zation where nonm arkct goals aire at least as important as economic ones. The 

funds for specific types of research; therebudgeting process earmarks some 

fore, multiple constraints must be considered. The model is static and the 

variables deterministic although stochastic elements can be evaluated through 

interaction. 
In anmther respect both models represent a similar view of resource alloca

tion among research efforts. A project can be expanded or reduced in scope, 

and progress can be speeded up or slowed down depending upon the resources 

allocated to it. Significant uncertainties exist about cost and potential payoff 

from any given effort. Both models view the allocation problem as a complex 
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Table 21-7. Comparison of Resource Allocation Optimization Methods 

Category of Benefit-Cost Atkinson-Bobis Baker et al. Net-
Comparison Analysis Simulation Model work Model 

Variables in benefit Flexible, general- Economic returns Flexible 
function ly economic 
Form of benefit Point Functional relation- Linear or nonlinear 
function ship between date of approximated by 

research success and piecewise linear seg
benefit ments 

Nunber of proj- I 
ect funding options 
permitted 
Number of con- I (budget) 1 (5-year budget) Finite number (hud
straints permitted get) 
Method of handling Manual sensitivity Simulation Sensitivity analysis 
uncertainty through interaction 
Number of periods I period Up to 5 periods I period 
over which funding 
is optimized 
Speed of use Fastest Slow relative to Slow relative to 

benefit cost benefit cost 
Equipment required None Computer Computer 
for solving allocation 
problem 
Cost of using method Least Iligh relative to Iligh relative to 
(data sources, corn- benefit cost benefit cost 
puter, analyst) 
Special properties Computer can be 

used to reduce 
Tabulates require
ments for nonbud

manual time re- getary resources also 
quirements 

one and permit direct consideration of multiple funding options and the ef
fects of uncertain parameters. 

A summary comparison of optimization methods is included in Table 21-7. 
Depending upon the combination of methods used in thc evaluation System, 

the benefit-cost approach is generally the fastest and easiest to use. One of 
the simplest combinations consists of using successive ratings to order the 
projects and then dividing by expected costs. When altcrnatives need to be 
considered beyond what is feasible with a benefit-cost approach, a host of 
other models is available. 'The two described require more data processing 

equipment and analytical time than the benefit-cost approach does, but they 
also provide more information. 

Although sonic aspects of the latter models are identified rather specifical
ly, considerable flexibility is inherent in both. The benefit function of the 
simulation model consists of economic returns only. However, the function 
could be expanded to include noneconomic variables also. Each of the models 
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is flexible as to the combination of ranking methods tiat can be used to mea

sure benefit. For example, a scoring model has been used to weight research 

objectives as part of a benefit contribution model that estimates benefits of 

projects to which an allocation of funds is subsequently proposed by the net

work model. 

Frameworkfor Investment in Management Tools 

Conceptually, the decision framework for optimal investment in management 

is the same as for any other investment option: purchase units of manage

ment until the marginal returns added per dollar spent is equal to the margin

al returns from the dollar invested in the next best altcrnative. Since adminis

trative costs typically come out of the research budget, this framework is also 

valid for research management investment decisions. Management approaches 

are in direct competition with research projects for resources. There, the 

management approaches which add the most to the expected value of re

search (because of a better decision) per dollar spent should be engaged until 

the value gained from another dollar's investment is no greater than if invest
ed in the marginal research project. This would equalize the marginal rat,. of 
return from alternative lines of investment. Hence, the amount of manage

ment used in different organizations could vary also. If all the research op
tions in one organization are expected to yield a very high rate of return, its 
investment in management tools should be restricted to those that will yield 
at least as high a return through improved decisions. Another organization, 

with lower and more varied rates of return expected on research options, 
could afford to invest in more management. 

The major problems in implementing such a framework are not conceptual. 
They are measur':ment problems: how to determine which management ap
proach is dollar-for-dollar better than another and how to measure value from 
management tools in the same units as research projects. While much work 
has been undertaken to develop new ways for subjectively ranking projects 
and alloc. ting resources to them, far less has been done to determine which is 

the best management approach to use. In fact, only one paper appears to have 
addressea this problem directly: Souder has reported the application of a 
scoring model to an evaluation of twenty-six project select )n models.22 

Opinions were solicited from administrators and management scientists con
cerning the status of the models with respect to five criteria- realism, flexi
bility, capability, case of use, and cost. The criteria were subjectively weight
ed and an overall score derived for each model. The only model included in 

that evaluation that was also discussed in tlis chapter, the Atkinson-Bobis 
model, tied for the highest score. 23 

http:models.22
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Laboratory costs to obtain reasonably objective measures of costs and 
benefits of research management tools would probably be prohibitive. Con

trolled experiments would be necessary over lengthy periods of time suffi
cient to observe the benefits resulting from research projects selected with 
different tools. One is probably limited for practical purposes to subjective 

measures. Souder's subjective scoring approach provides a useful comparison 

of a number of management methods. However, it is not sufficient for deter

mining the optimum level of investment in management. Factors of both 

benefit (e.g., realism and capability) and cost (e.g., dollar costs and ease of 

use) were included in tilescore. To determine the optimal investment in such 
management methods, benefits and costs must be separated and measured in 
the same units as for research projects. The dollar metric approach previously 
discussed has potential as al initial mechanism for subjectively placing man

agement tools and research projects in comparable units of measurement. 

Then the marginal principle could be applied to both sets of options to select 
the optimum portfolio. 

Summaly 

Considerable research has been conducted to develop management tools for 

possible substitution for or complementary use in subjective decision processes. 

Case examples in the application of such methods in public agricultural re

search organizations have been cited. Other literature has been selectively sur

veyed to emphasize the breadth of methodological developments for research 

project selection and resource allocation. A partial comparative evaluation of 

the selected methods is included with the survey. Applicability of the marginal 

principle for determining tileoptimum investment in research management 

has been emphasized and a rudimentary framework for implementing that 

principle suggested. Many research challenges remain in tile area of method

ological development. Particularly great is the need for innovative thought 

and practical experimentation to compare costs and benefits of alternative 
subjective decision processes. 
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