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IIntroauction 
Th re is a tendency thl'sl' days to ovcrlook thc 
strategk importancc oftcchnology dcvclopmcnt 

and transfl'r in cnhancing nationall'conomic growth 
and to assum(' that massiw rcsourcc transf('rs arc 
all that arl' rcquircd to hclp our Icss f rtunatl'Third 
World ncighbors solvc their problcms. All too oftcn 
asscssments of past cconomic dl'vclopmcllt haw 
ignored till' stratcgic importancc oftcchnology 
devclopm('nt and transfer as the foundation for much 
of the progress alrl'ady achil'vl'd in agriculture and 
health in many ofthe devcloping countrics. 
I am pll'ased that thl' agency I sl'rvc-thl' U.S. Agcncy 
lor International Devclopmcnt (USAID)-indudcs 
among its primary goals thl' promotion oftl'chnology 
and devclopment and is currcntly placing greatl'r 
l'mphasis on these proCl'SSl'S than has bccn till' caSl' ii' 
th(' past. Thl'r(' is growing recognition that the 
ck'wlopment and Ulilization ofimprovcd tcchnologies 
is essl,ntial for long-tl'rm progress inl'wry low-income 
nation with which Wl' eka!. 

ICurrent Development Process 
As W('ml'ct today, the world cconomicsituation for 
both devclopcd and devcloping nations is bs than 

optimistic. Growth rates in thc dcvclopcd nations haw 
dcclincd in rcal terms for thc past fivc years. For t982, 
thl'ir avcrag(' growth rate is lcss than one perccnt. 
Growth rates in thc dcvcloping countrics, whilc 
somcwhat higher than thosc ofindustrial countrics, 
Ill'vcrlhcless havc exhibitcd a similar downward lrcnd. 
Thc low-income dcvcloping COUlltrics rcp0rlcd an 
averagc 01'3.9 pcrcent growth inl981, but this is 
considerably lower than thdr growth of5.9 pl'rccnt in 
19RO and with their longer-term growth of4,5 percent 
bl'tween 1973 and 1980. Thesc haw bccn difficult times 
for d('vcloping countries. I 

Population. Asscssnll'nts ofcurrcnt cconomic 
devclopment progrcss in most devcloping countril's 
must bl'gin with a consideration ofpopulation lewis. 
Thc dramatic incrcases in populationlllllllbers 
stimulated by improved hl'alth and medical scrvices 
following World War II havc had and arc still having 
significant constraints on cconomic devclopmellt ofthe 
10w-inconll' countrics. Today's population ofsome 4.2 
billion pl'opll' is incrl'asing by 70 to 80 million annually, 
and four offivc of the births occur in thc tkvcloping 
world. Thesl'nl'wbom b~bics must bc fcd, ani:! fUlure 
l'conomil' and social opportunitic. providcd for thl'nll 
Even though fll'rcc'I/t{I,~r il/cwlses in population numbers 
havc d('c1ined slightly in somc d('vcloping countries in 
tIll' past dccade, till' absolutl'number of births 
continues to ris(' and willlikcly do so for some time to 
coml', This is bl'causc 40 pcrcent of thc pcople in thc 
devcloping countrics arc 15 years ofagc and youngcr, 

This 'population Imlgc' willmovc into child-bl'aring 
agl's in thc coming ekcadcs, giving steadily incrcasing 
population numbcrs, In practical tl'rms it nll'ans that 
lor every two pcopll' on thc globe today, at Icast one 
additional pl'rson will bl' added by the year 2,000­
compounding thl' problcms of finding food in a world 
ofshrinking rcsourccs, Evcn if modcrate success 
is achil'vl~d in population control and ovcral! 
Ik'\'l'lopmellt, it is·likcly that thl'lIdditilllwllood that 
must bl' produccd by till' Yl'ar 2020 will approach thc 
total amoullt offood that is bdng produccd today. 
While the gloomy lorecasts ofworldwidc food dcficits 
maek in thl' IYr.OS and 1970S havc not come to fruition, 
food s\lpplil's rl'main a critical problcm for most low­
incomc countril's. Ovcrall, thcy can look with pridc on 
progrl'ss of thl' past 30 ycars, during which thdr food 
production was about doublcd, a remarkable feat. 
13m pl'r capita lood production has l'dged up only 
slightly worldwide, and in somc arcas, such as Africa 
south of till' Sahara, it has actually ekclincd. Per capita 
availability ofbeefpcakcd in 1976, grain in 1978, fish 
catch in 1970, and oil in 1973, The war on hungcr is 
obviously tar from bdng won, 

Whl'n food rl'quircmcnts cannot be mct by national 
production, thl' ek'vcloping coulltrics arc compclll'd to 
imp0rl food with or without outside assistance. For 
exal1lpll', since 1975, Mexico has bcen spending much 
of its valuable forl'ignl'xchange on importing com, 
rice, bcans, and wheat-thc' esscntial clements of the 
national dil't. In 1980, dUl' to a shortf.111 ofthe 1980 
harvcst, the total agricultural tradc' balance in Mc'xico 
was a debit ofS700 million. l Newspapcr rcports ofthe 
past few mollths call our attention to similar problems 
f.1Cl'd by India. Wicbpread droughts in 1982 fi'r<'cd 
India to import Cl'reals just one year ,Ifter its rc'cord 
production ofwhcat and rice. 

In addition to population pressurc, anothcr stress on 
the international food situation is the increased 
demands dm' to rapid growth in per capita incomcs in 
several middle-income nations. Includcd arc the major 
oil exporters, such as Indonesia, Nigeria, and 
Venezuela, as well as other dcveloping nations which 
ha ve made rapid economic gains in the recent past, 
such as Korea, Taiwan, Urazil, Malaysia, and 
Thailand, As people become more affiuent, they not 
only want to cat more food, but food ofbetter quality, 
such as meat and poultry. The extra grain and fodder 
llC'edl'd to feed the animals must be produced. 
Another factor has emerged to furthcr complicate the 
world food demand pattwl. The centrally planned 
economics. particularly the Sovict Union and China, 
havc st('pped up significantly their imp0rls ofcereal 
grains to mcct the growing political pressure for more 
and better quality food, While some ofthis import 
demand is in response to low yields due to bad weather, 
analysts gcncrally agree that the demand may well 
colltinue for some time into the future. 
All ofthesc f.1ctors arc inf1liencing current world food 
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supplirs and thl' dl'mand for thrm. Critical analysl's 
SUggl'St that strrssrs on thesl' supplil's will continur at 
least for till' nrxt two or thrrr dl'cadl's. (fthr drmands 
cannot br nll't, world food priCl's will rrmain high and 
willlikdy go highrr, placing injropanly thr truly poor 
nations and roor proplr in thosl' nations unlrss 
indigrnous food production can till thl' gap. 

Resource Deterioration. Probll'ms in drwloping 
nations ofdrtl'riorating soil ami watl'r rl'SOurCl'S, such 
as dl'sl'rtitication and rrosion, srriously imprdr 
programs drsigned to improvr food production and 
add to thl' cost ofthr food, Forl'xamplr, the cl'nturirs­
old practicr of'slash-and-burn', which involvrd 
cropping thr land for two-tlm'l' yrars and tlll'n 
allowing it to fallow for right-tiftrrn yr:lrs was 
rl'asonably stabk'. This systl'm dl'prmk'd upon nature 
to cyck' plJnt Illltril'ntS from lkrp in thr soil through 
trl'rs and un,krbrush to thl' sUrfilCl' whl'rr thl'y arr 
subsrqm'ntly available for food crop production. Whilr 
thrrl' is ecological merit to this timr-consuming 
process, population pressures havr forced a shortl'lling 
of thl' tinll' srqul'nce for the rotations, leaving thl'land 
in f.ll1ow tor only thrl'l' to tiw years. This is inadl'quate 
timl' for thl' soil'regenl'ration', with consequl'nt 
reductions in yidd and incrl'ases in soil c'rosion 
potential. 

Ovrr-grazing ofgrasslands in 10w-rainf.ll1 areas and 
owr-cutting of trl'es for fud wood arl' oth,. practiCl's 
which arl' thrl'atc'ning thl'natural rrsourcl' basl" 
l'specially in Africa. Thl' Sahd drought ofthr sevrnties 
calk'd till' world's attention til thl' fragility of the food 
production system in that arl'a. The problems arr not 
only physical ami biological but anthropological and 
social as wdl. 

Guarded Optimism. Evrn though the presl'nt 
l'conomir situation ofthr dl'vdoping countries is 
unacCl'ptabk'. and till' dl'mands by thl' growing world 
citizenry for food l'xceeds thc' capacity of many ofthr 
nations oftl1l' devdoping world, ovrrall therl' is reason 
for guankd optimism. Progress, to a limited extent, 
has bern arhievcd. SOl11e countries havr had 
rrmarkable success, and potrntials and plans for further 
progn'ss for incrl'ased food production arc' in evidence. 
UecaUSl' ofthl' adoption and application ofimproved 
tc'chnologies, practices, and polick'S, the world's 
f.lrml'rs produced twice as much food in 1980 as they 
did in 1950, Morcovrr. thl' world is still capabk' of 
mrrting substantial incrl'ases in global demand for 
food. The most serious danger is not a global food 
shortagl', but an array oflocalizrd probkms within 
Asia, Latin America. and Africa that will require 
l'Ontiuuing attention, 

Two Criteria for Success. One cannot hdp but br 
imprrssl'd with the increased agricultural production. 
l'sprcially ofcereal crops in the devdoping countries, 
during the past 20 years. These increases were the 
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inspiration in thr latl' sixtirs for thl' tl'rm 't;rl'en 
nl'volution' to dl'scrihl' thl' proCl'SS ofwhich thl'y werl' 
a part. TIll'Y weri.' basl'd on two major advanres. First, 
nrw varirtirs and associatl'd production technologirs 
\Vl'r\.' madc' availabk' to f.lrmers and, in turn. were 
adoptl'd by these f.lrJllers. Sl'cond, sources ofdll'mical 
and financial inpllts, and governmrnt poHcil's, were 
such as to mak\.' it profitabl\.' for till' filrlners to adopt 
thes\.' varietil's ami associated production technologil'S, 
Th\.' qUl'stion can b\.' raisl'd as to why this two­
component devdopment process had not surtaced 
rarli\.'r. Failur\.' ofgovrrnnll'lIts, both devdoping and 
morl' d\.'vdoped, to focus attrntion on agrkuhur\.' is 
one f.lctor, Like'wisl', f.lilure to recognizl' that \vrsteru 
tl'mpl'r:ul'-c1imatl' technology could not bl' transfem'd 
direnly to thr tropics with any degree ofSUCCl'SS 
is anothl'r onl'. A third is till' failurl' to assess the 
significanCl' oftrainrd indigenous person power to a 
surn'ssful dl'vclopm\.'nt prorl'ss. A fourth is that at no 
timl' in the past had tl'rhnologies bl'en available which 
w\.'rl' sufficiently supl'rior to the traditional OIll'S as to 
truly attrart the rultivatnrs. 

IImproved Technologies 
Wlll'n thl' modern whl'at and rin' varieties on which 
the Green nevolution was basl'd first berame 

availabk', they spread vrry rapidly to geographic areas 
for which they were suitl'll. Small-srak'iow-inwml' 
f.1flllerS who had been describl'd as being too tied to 
their traditional agricuhurr suddl'llly became 
innovators. Th\.'y abandon\.'d thcir traditional varieties 
and practin's and adopted new ones fully as quickly as 
had thr Midwrst tanners whl'n hybrid corn berame 
available in thl' 19305 and 19405. They soon discoVl'red 
that it was to thc'ir advantag\.' to changl'. They could 
make- morl' money by doing so. 

Thl' situation just describl'd had not prl'vaikd prior to 
the latr 1960s, When ltirs. went to the Philippines in 
1953-55 as a young Cornell profl'ssor, I was depresSl'l1 
by thr prevailing, but f.ll1acious concept that the 
devdopment ofimproved technology through 
fl'sl'arch was not nel'ded. Ollicially. till.' U,S, agency 
whirh supported us was not permitted to gl't involVl'd 
in r\.'search. Th\.' prevailing conrept was that the U,S, 
and othl'r wrstern nations alr\.'ady had the lJl'cessary 
technology on whirh development in thl' tropics could 
hl' basrd, Arwrding to this notion. all w\.'needed todo 
was to transfer our tl'chnology to them. My two Yl'ars 
in thl' Philippines in the fifiies convinced me that the 
devdopmellt uftl'chnology suited to the tropics. along 
with p\.'rson power development, was the first step to 
incn'asl'd food production in these areas, 

L\.'t me give you another example. In the 1960s til\.' Ford 
Foundation rncouraged the Indian GovcnUllrnt to 
rstablish 'intensivc' agricultural districts', which were 
provid\.'d packag\.'s oftechnology, The assumption was 
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mad~ that ~xisting tl'chnology, along with pll,nty of 
f~rtilizl'r and financial inputs, and training for filrllll'rS, 
would makl' [ndia's production rl'ally takl' oil'. Whill' 
soml' notabh: succ~ss~s occurrl'd, in gl'neral till' 
~xp~ctl'd production incr~asl's did not take ~IaCl" It 
becam~ obvious to ;111 concerned that th~ tl'chnology 
being sold to thl' ':IrIIll'r was not greatly supl'rinr to 
that which h~/sh~ was alrl'ady using. Thl'y bl'gan to 
understand that dewlopment was not a phenollll'non 
utilizing m~rely the tl'chnology coming from outsidl' 
thL' (k'vcloping countril's and illlported for their usc. 
Ratlwr, dn'l'!opment would work only whl'n t1w 
tl'chnology us~d was superior to what the f.,rlller was 
;llrl'ady using and was suit~d to t1w physical. biological. 
,md socio-\.'wn'lmic environments whl're thl' 
dl'wlopment was to occur. 

Furth~r, thl'leaders realized that whill' SOllll' of thl' 
t~chnological components of the developlllent process 
could bl' imported and used with little modification, 
most had to b~ crl'atl,d in th~ local environlllents when' 
thl'y w~re to be used, and all components had to bl' 
t~stl'd and moldl'd to fit these l'nvironments. 

Technology-Mechanical versus Biological. 
Om' oftlw primary motivations for the technological 
r~\'oilltion which took plaCl' in the 19th and 20th 
Cl'nturies in Europ~ and the United States was thl'nl'l'd 
to savl'labor. TI1l' rl'sult was to replan' human p()\wr 
and l'wn animal power with machines. Th~ degre~ to 
which output per pl'rson pl'r hour was inCfl'ased was 
uSl'd as a m~asurl' ofsuccess ofthe tl'chnology. Labor 
was, and still is, l'xpl'nsive inthl' morl' dl'velopl'd 
countril's. 

In thl' developing countrks labor is plentiful allL[ cheap. 
[n contrast, machines ar~ l'xpcnsive both to purchasl' 
and to operat~. As a consequencl', th~ kind of 
t~chnl1logy needl'd for a two-h~ctar~ riCl' f.,rmer ill 
[ndonl'sia is only r~motely relatl'd to that n~l'ded on an 
Iowa or California corporate f.,rm. Thl'lndonesian 
cultivator can bl' helpl'd most by simpll' technologies 
suitl'd specifically to his environment. A five­
horsepO\wr tiller will take carl' ofmost ofhis 
Im'chanicalneeds. Varieties with built-in rl'Sistan,e to 
insects and diseases which reduce his dependenCl' on 
pesticides would bl' high on his 'want'list. His social 
and ~conomic requirements must be l1Iet, not those of 
tlw Iowa farmer. 

Increased Emphasis on Research. GIlL: oftill' 
consl'quencl'S of the Green Revolution was worldwide 
increased interest in and support for agricultural 
research for technology d~velopment. This interest 
was particularly ~vident in actions ofdonors, both 
national and int~nlational. and ofdeveloping country 
political J~ad~rs. r~search scientists. and farmers. 
Probl~m-oriente i science was recognized as an 
e/TectiVl' development tool. For the first time, an 
agricultural field scientist was given a Nobel prize. 

Scil'ntists Wl're honored by thl'ir gowmments for 
products coming from thl'ir r~sl'arch. Farm~rs began to 
haw confidence inthl' products oftill' resl'archers and 
w~rl' willing to listen to ex~ension pl'rsollllci as thl' m'w 
tl'chnologi~s w~r~ spread. AmI, perhaps most 
import;mtly, additional financial r~sourcl'S were made 
available to support research by national and 
intl'rnational donors ami by developing country 
gov~rnml'nts. 

Among thl' international agricultural research e/Torts, 
probabl>' thl' most successful is the m'lwork of 
mt~rnationalagricultural resl'arch cenlers sponsorl'li by 
the Consultative Group on International Agricultural 
Hesl'arch (CGIAH). Som~ 13 cent~rs,l'ach fOCUSing on 
one or more specific developml'nt constraint(s), have 
bCl'n established. [n addition to th~ research carried out 
at t1w he;l(!quartl'rs of th~se institutes, colbborative 
m'tworks haw bl'l'n ~stablished to assurl' coordination 
with national n'sl'arch svstl'ms. [n tum, donors and 
d~vcloping country gov'enlml'nts haw givrll11crl'asnl 
attention to tl1l' stn'ngtlll'ning ofnational agri."Ullllral 
resl'arch organizations. Although the proCl'SS has only 
gottl'n wellundl'r way. already improved varietil's and 
associatl'd t~chnologies arl' products ofthl'sl' combinl'd 
l'/TOrtS. 

The approach ofthe CG[AR m'twork and that ofothl'r 
succl'ssful int~rnational SciCIICl' and tl'chnology efforts 
has S~Vl'n common characteristics: 

I.� Focus is plac~d on removing rl'al constraints to� 
devel0pll1~nt as 0pposl'li to rl'sl'arch abstractl'd� 
from practicalnl'l'ds.� 

2.� Funding has bl'en through voluntary donations 
rather than by assl'ssl·d contributions. 

3.� Dir~ct bilatl'ral rdationships have bl'l.·nl'ncouraged 
betwel'll donors and fl'cipient nation scil,ntists and 
research institutions. 

4.� Decisions haw bl'en basl'd on development nl'l.'ds 
and tl'chnicalm~rit. 

5.� Existing mechanisms were used and strengthl'ned 
for collaboration between dl'veloping COUntril'S 
and donors in the design, implementation, 
monitoring, and evaluation of projects. 

fl.� A Iargl' bur~aucracy with functions that ovcrlap 
thos~ ofexisting national and intemational cntities 
was avoid~d. 

7.� The needs ofthl'lmVl'f-incoll1e developing 
countries received the highest priority. 

To complement and ~nhance t~chnology development 
by international cent~rs and national research 
organizations, th~ Unitl'd States has passed legislation 
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which mah,s possible extensive usc ofAml'rkan 
universities in both agricultural rl'sl'arch amll'xtl'nsion, 
In tlll'long run, l'ducators ami scielHists inlhe 
clL'vl'loping countries must take primary rl'sponsiblities 
for providing technologies suited til their national 
nl'eds, Uut a sl'rious lack oftrailll:d persons,of 
institutions and of resl'arch amI extension capabililil's, 
makes it necessary for assislance to he provi<k'd from 
the outsidl'. Over the past dlrel' <k'cadl's U,S. 
universities have been found to bl' well suitl'd 10 

proviclL' much of that assistanCl'. 

Specifically, U.S. universities have providl'd threl' 
kinds ofhdp: 

I,� Formal training and rl'sl'arch l'xpl'ril'ncl's in� 
Americ:l for thousands of<kveloping country� 
stuck'nts.� 

z.� Tl'chnical assistance in agriculture to <kveloping 
nations. This involves overseas panicipation by 
U. S. f.,culty memhers in collaborative projel'ts of 
institution buildin~, human rl'source 
(kvelopml'nt, :1I1lspecific rl'sl'arch and extl'nsion 
projl'CtS. USAID provi<k-s about 5300 million 
annually lor support of projects with which 
American univl'rsities arl' associated. 

.I,� Partnl'rship rl'sl'arch cfrorts bl'tween American 
scientists and countl'rpans oversl'as focused on 
problems which nl'ither panner could solve alone, 
but whkh arl' aml'nable to solution through joint 
resl'arch. 

The U.S. universities have the scientific expenise, 
sophisticated l'quipment, and research methodology 
m'l'ued to tackle rl'Searchable problems which overseas 
f.'rtIll'rs and, in turn, scientists face. The overseas 
partners can provide a testing ground for products or 
resl'arch, and through cooperativl' elTorts, can dl'vdop 
their o\\'n capabilitk-s to do thl' mon' sophisticalnl 
resl'arch. 

IPolicies and Support Mechanisms 
U� to now I have stressed thl' singular importance 
o?:he development oftruly supl'rior lechnologies in 

cnhancing the food-producing capacitll'S ofnations. 
Uut thl' facts arc that thc 'l'Ilvironment' in which thl'Sc 
technologies arl' to be uSl'd must be such as to assurl' 
bcnetlts for till' produccr iflll'/shl' accepts them. If this 
condilion docs not pertain, thc tl'chnology will not be 
adoptl'd. It will bl' ofvalue only to thl' rl'Searchl'r and 
his/hl'r colleagucs, 

The 'system' must l'nablL' the tcchnology to work. 
Govl'rnml'nt policies and support ml'chanisms can 
foster farml'r adoption ami application ofimprovcd 
tcchnologll's, Farmers around the world-in both 
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dl'velopl'd allli devdoping cnulHril's-willnot adopt 
m'w tl'chnologil's (regardkss ofhow good) uneler 
aelversl' ecolllJlnic conditions. For l'xampll', American 
f.,rml'rs gl'lll'rally have adopled a nl'W technology on a 
largl' scak only whl'llthe f.,rml'rs arl' convinced it is to 
their l'conomic advantage to adopt it. Thl' saml' holds 
trill' for farmers ofthl' Third World; Ihey will not adopt 
improved technologies unless thl' pricl' they recl'iw for 
thl'ir harvests arc set high l'Ilough to pl'rmit them to 
mah, a decent profit. 

Additionally, f.umers need acCl'SS to credit, they nl'ed 
adequatl' roads for bringing thl'ir produce to market, 
tlll'y need rl'liable and al1imlable supplies ofsl'cds, 
fl'rtilizers, and pesticides; thl'y also need r.lcilitics for 
storing thl'ir surplus crop so that they arl'not forced to 
'sl'll cheap and buy ck'ar'. Government policies have a 
strong bearing on each oftilesl' aspl'cts ofa lkvdoping 
country's food s.ystem. 

A graphic l'xample ofsuch a situation was described in 
a recent /Vall 51n'('1 jm,""'l articll' about agriculture and 
economic conditions in Africa's sub-Sahara countril's. j 

It was noted that ofthe 30 countries dassifil'd 
worldwidl' as till' 'poorl'st of the poor', two-thirds arc 
African. In seven ofthese, agricultural oUlput is on tl1l' 
dl'dine. For example', fiJOd production in Sl'Ilegal is not 
keeping pace with population growth. In discussing 
the reason for thl' inadequate food production levels in 
Senegal, notl' was made of the f.,ct there W,IS linle' 
Incenti\'(' for Sem'gal's f.,rnlers, who account for Ho 
percent ofthl' country's l'mploynll'IH, to increase thl'ir 
production. 

Over the yl'ars, governml'nt policil'S in Senegal. :lI1d 
for that matter inmost African coulHrics, have rl'Sultl'(l 
in low prices for the f.,rml'r. In pan, that policy exists to 
eaSl' till' burden fin urban dwdkrs, who increasingly 
haw hl'ld thl' politicallewragl'. UIJ(k'r the 
t-:0vernlllent-run agricultural system in Senegal, thl' 
low f.UIII priccs sct by thl' government ol1i:r Iinle real 
incentivl' to grow lIIore. Seeds and fertilizer oftl'n are 
not dl'liwrl'd until after the rainy Sl'aSlln, Thl' quality of 
both often is poor. Marketing is undependable.. Onl' 
Senl'galese farllll'r who grows groundnuts notl'd that 
Yl'ars before thl' statl' took ov(~r the agricultural systcm 
\'verybody would try to plant more than the next 
farllll'r. Now l'veryone settlcs for growing the same.· j 

Gowrnnll'nt policil'S obviously playa major rolc in 
detl'r1nining which tl'chnologll'S will bl~ devdopl'<1 and 
which will be adopted. 

IContinuing Technology� 
Transfer Constraints� 
Whill' lIIuch progress has bl'en lIIade In cle'vdoping 
truly illlprowd technologies which arc acceptable 

to farmers, it is insignificant ClJlllpaml to what is 



nee(kd, Ewn lelr riel' f.1rmers, whl'rl' a 2o-y"ar 
eOlK"rtrd drort has bl'l'n madt' 10 improvr the 
tl'chnoll)~irs, truly supt'rior lechnologit's snitabk' 10 

Hlrlner adoption art' availabk' for no mon' lhan abolll 
half till' riet' art'a of till' world, Whlk'lhe eomparahk' 
proportion of lhr whl'al art'a lix which suitahk' whl'at 
tt'chnologil's haw brl'l1 ck'vdopt'd is hight'r, rWn hert' 
much progn'ss is yt't to bt' madl', Many I'hysical. 
hiological and SQcio-e.,wnOlllic constraints n'main. 

Physical lind Dioiogiclil Constraints. A major 
challt'ngt' is tilt' ckwlopml'l1t ofsupt'rior ledlllology 10 
OVl'rCOmt' an array ofphysical and biological 
constraints on production which cOluinut' 10 limil lht' 
amount oftood lhat most Third World farmers can 
prodlll't' with tilt' available resourn's, First, nl'w st'l,d 
varieties lIl't'd 10 bt' bred with characlerislics that allow 
lht' plants [0 tlourish unckr adwrsl' dimatie conditions 
lind [0 thriw Wilh II minimum ofcostly inputs, SecQnd, 
Wt' lIl'l'd 10 know how 10 OVt'rComl' lht' major 
constraints to food production in dl'vl'loping countrks, 
im'luding (I) inst'u Il'SIS and plant diseast's, (2) rodt'nts 
and otht'r \'('rtl,bratt' pt'SIS, including birds, (3) probll'm 
soil conditions, including salinity, lIddity, and zinc 
ddicil'l1dt's, and (4) Walt'r rt'sourn' prohlems (wht,ther 
too much or too littk' wllter), 

Largt' gt,ographical an'as slill rt'main wht'rl'no 
applicabll' It'chnology t'xists for raising IllOd 
production in economically li:asibk' ways, This is 
particularly trUt' in st'mi-arid art'as like tht' Sahl'l and in 
sonlt' humid lowland tropical art'as subjn't to art'a 
flooding, Sl'eds oflht' C;rt'l'n nevolution-lI11lSt'lhat art' 
availabk today and the samr Dill'S thaI permitted much 
of the production incrl'ases ofthe past few drcadt's­
tlourish only undrr thl'most f.lvorabk' physical, 
t'('Onomi(, ancl biological condilions, Plants sdt'C!t,d on 
this basis art' not nect'ssarilv tht' most dlicil'l1t wht'n 
nJllfrollled wllh nutrient o'r climatic streSSt's, 

Thl' challen~t' now is to brt'l,d nt'W varktils lhat can 
tlourish umkr adwrst' dimalic conditions and can 
lhrivr with a minimum ofcosily inputs, At the samt' 
tiull', Wl'must learn how to OVl'rcoml' those plant 
disl'asl's, pt'sts, probll'm soil conditions, deficiencil's 
and t'xc"sses ofwatt'r. and other production wnstraints 
which today hold millions ofThird World f.lrIlll'rs in 
subsisten<'l' srrvitudr-tl't'tt'ring precariously on the 
border ofabjrct powrty, Thl'sl' f.1rmers consume 
almost l'verything tht'y grow and lhus haw wry litlle 
to market, 

Social, Economic, and Political Constraints. 
Crrtainly with rl'gard to food prodliction, govrrnment 
policies strongly intlul'l1cl'd the rdation betwl'ell 
technological and social changr in thl' countrysidl', In 
thl' casr ofagriculture, f.lrI11erS, as mentioned earlkr, 
will not avail themsdves ofnew technology, no matter 
how accrssible and productive and appropriate, unless 
till' pricrs the farmrr rrcdws for his produCt, arr St't 

high l'nough to allow a rt'asonablt, profit. The ability of 
l:lrI11erS to incrt'asl' yil'lds is also deterll1inl'd to a largt' 
extl'nt by thl'nature of the tl'dlllological innovations 
gelll'ratl'd by agricultural rest'arch programs, t'xtl'llsion 
programs, alld ruralt,ducation, Government policit's 
hawa strollg alld sometiml's dl'cisiw hearing 011 each 
of these aspects oftht' food systt'lI1 ill;1 dt'vdoping 
country, and positi w policies produce positiVl' results, 
Land rl'form issul's arl' pt,rtint'nt to the sucCt'ssli,1 
trallsfl'r, modification, and adoption ofnt'w 
trchnologit's, Taiwan andJapanundl'fwenr substantial 
strul'lural changes ill tht'Jatl' 19~OS. Massivc land 
rt'lemll programs in tht'st' two ('ountrit's dissolvl'd 
traditionallll'ar-ti:udalland tl'llure patlt'rns, Tht'se 
rl'forms also l'xpandl'd agricultural extension st'rvicl's 
and provi(k'd loans for pt'asants to buy thl' land they 
had workl'd as tl'nants all tlll'ir Iivrs. With such 
assistanct'. farmers increasl'd tht' yil'ld per ht,etart'. 
Sudl whoksall' changl', hO\wvcr. has yet to rt'ach the 
majority oft1rvl'loping countrks,4 

Strong local imtitutions arc crucial to thl' technology 
transfi:r procrss, TIll' most sophisticatrd scil'ntific 
kllowledgl' is ofno USI' tn Asian, African, or Latin 
Aml'rican farmers unless local institutions can adapt 
that kllowlt'dgr to localn('l'ds and unless rxtt'nsion 
workers can show thl' f.lrIlll'rs how to pllt that 
kno\\'kdgr to USl' 011 thl'ir own fidds, 

Institutions must be dl'wloped to enable thl' poor to 
bendit from tht'lll'w trchnologies or, iftht' institutions 
alrl'ady t'xist, to hl'lp them function. Thesl' institntions 
may be govt'rnmt'ntal, such as l'xtension services, or 
thl'Y may bl' private. such as cooprratiVl's or small-scale 
rural industril's, To thr l'xtl'nt fl'asible, these 
institutions must rt'spond to spt'cific needs of till' poor, 
The privatl' St'ctor vis-a-vis market mechanisms plays 
a majur roll, in thl' crt'ation, adaptation, and 
c1issl'mination oftrchnologies, Howewr, too oftl'n 
consic!t'ration ofinstitutions in drvdopment is 
assuml'd to bt' confined to the public srctur, Whilt, it is 
true thjt in most countries public sector institlltions 
must bl' rl'lil'llupon to hl'lp institute nrw activities. it is 
till' private sector which will detl'rminc thr ex nt of 
agricultural production, A wry important aspl'ct of 
public policirs in the devdoping nations is the extent to 
which they rncouragt' rathrr than constrain the private 
Sl'ctor, 

Thl' privatl' Sl'ctor is generally lI10re l,fficient in 
providing inputs such as ('hemicals and credit and in 
markt-ting tht' agricultural produce, The U, S, Agrncy 
for Irlll'rnational Devdopment rrcognizes thl' 
importallCl' ofthr private sector and is initiating pilot 
programs to t'ncourage small privatr agricultural 
l'ntrrprises in c1evdoping countrirs, These efforts will 
complement thosr relating to universltirs and 
gowrtlmrnt agrncirs, 

Constraints ofTrained Person Power. Oneofthe 
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probll'ms of transli:rring lI:chnolol-:Y wthl' bs 
dl'vdopl'd COlllllril's is rill" ~hortagl' ofappropriall' 
skills. Providing thl'sl' conlllril's with ll'chnical 
inlixmalion dOL's nO! n:sult inledlllology lransfl'r if 
tlll"y do not haw the neCl'ssary skills ro inll'rprl'l il 
amltu pnt it to USt'. Thl,tr,msfer ofl,'chnolngy to 
ckwloping coulllril's, th.-rdl,rl·, involws thl' lransli:r 
nOl only ofinformation bill J' J ,,(skill. and prd~r;lbly 

III ways thatl'ncourage lhl' dl'wlopnlelll ofindigl'llous 
skills. Onl' way to transTer tl'chnol"gy is by p.-rson-lo­
pl'rson colllacl-bring togetlll"r thl' p,'ople who haw 
thl' tl'('hnology wilh till" pl'opl., who wish to acquirl' it. 
Whl'ntl'('hnology i, tran fl'rrl,d to anolh.-r country, 
not only do you have to cross politiral boundaril's, bill 
also boundaril's ofnl1turl', languagl', and custom. ~ 
TIll" most d1i:ctiw IIll'ans ofbuildinl( thl' hnman 
rl'somCl' capability of till' devl'loping coulllri.,s is 
lhrough lormal and informal training. American 
uniwrsities playl'd a critical roll, inthl' 1950S and 1960S 
in providing advanced training for hundrnls of 
ckvdoping country scielllists and l'ducators. They also 
participated in institution d,'vl'lopm"1ll programs lhat 
provickd thl' physical plalll and faculty baSl'S for 
agriculturaluniversitil's around the world. A noted 
l'xampll' is the collaboratiw dTort ofa group of 
universities in hl'lping to establish 10 agricultural 
uniwrsities in India. Not only did hnndmls of young 
Indians rl'(l'ivc training in till" Unitl'd Statl's, but more 
importalllly, thousands oflndians have rl'cl'ived their 
entire colkge education at thesl' now wl'll-l.'stablishl,d 
uniwrsilies. Similar, but pl'rhaps less spectacular, 
sucn'ss can bl' notl,d for otlll'r educational institutions 
in Asia, Latin America and, to a limited l'Xlcnt, in 
Africa. 

In spite of past SUCCl'SS in training ofindigl'llous 
pcrsonnl'l, inadl'quacil's oftrainl'd pl'ople remain one of 
the primary cunstraillls to economic devclopm('(lt, 
espl'cially in Africa, whl'rl' per capita food production 
is actually dl'dining. In my judgml'lIl, a massiw 15-25­
Yl'ar dTmt is nl'l'ckd to hl'lp thl' COUlllril'S ofthat 
colllinl'llttrain and l'ducatl,the leadl.rs thl'y nel'd to tum 
around thl'ir agricultural devl'lopment systl'ms. 

IRoom for Optimism 
Today, I bl'licw Wl' have a realistic awareness of 
both thl' possibilitil's amI pitfalls of tl'chnological 

changl'. We know that technology i f.,r fmm a panacea 
that can owrcunll' all the pmbll'll1s of undl'rdevdop­
ml'lIt, l'spl'cially ancielll patterns of social injustice, At 
thl' saml' timl', there is widesprl'ad recognition that 
improv(:d tedlllology not only can f.,cilitatl' beneficial 
social change but in many cases is a ptl'requisill' for that 
changl'. 

Tl'dlllologil's providt politicallcadcrs,l'xtenslon 
agl'lItS, teachers. and most importantly farnu:rs, 
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with lOols for raising owrallliving standards amI 
signilicalltly thosl' of the poor majority. Fortunall'ly, 
in rl'n'lIl years, political leaders thruughour the 
dewloping world haw been showing inCtl'asing 
conCl'rn for raising domestic food production, CIl'arly, 
thl'y have coml' to rl'cognize that thdr own political 
and l'conomic survival is dosl'ly tied to thdr ability to 
do a bl,ttl'r job of/cl'ding thdr own peopll', 

I would lik<' to conclude by l'mphasizing that 
tl'chnological changl' will continue to bl' a prl'rl'quisite 
tilt ,'xpanding food supplil's, whatl'wr a nation's policy 
dilemmas, socialnl'l'ds, or idl'ology. Uy substantially 
increasing thl' supply ofbasic food grains, nl'W 
tl'chnologic's can help to hold thl' line on fiJocl pricc's, 
with corresponding bl'nl'lits for small producl'rs and 
for low-incoml' consuml'rs who alrl'ady spl'nd lIlost uf 
thl'ir Iimitl'd budgl,ts on food. Uy the same token, 
tl'chnological changl' is thl'lifl'blood ofjob cll'ation and 
l'conomic growth, 
Withollt l'xpl'cting technology to do thl' impossibll.', 
we must bend uur eITorts to dl'velop and dissl'minatl' 
the kind oftechnology that can promote social changl' 
on behalfof till' world's impovl'rishl'd Pl'Oplr­
knowing that withollt tl'chnological advanCl', 
succeeding gl'nl'rations of pl'opk' in the ckvl'loping 
world will bl' no bl'lll'r oITthan thdr pamHs or 
grandparents, 
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