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Technology Transfer
 
and Agricultural Development
 

V. W. R UTTAN AN )YUJIR() 1A1 AMI 

!.Introduction
 

The "technology factor," in either its embodied or disembodied 
form, is increasingly recognized as a major source of differences in
productivity and welfare over time and among nations.' Yet techni­
cal change is one of the more difficult products for a country in the 
early stages of economic development to produce. In agri:ulture the 
initial success of the "green revolution" has resulted in renewed 
interest in the economic and institutional (onsiderations involved in 
international technology transfer. 2 

The international diffusion of agricultural technology is not new. 
The classical studies by Sauer and Vavilov and the more recent 
cytogenetic studies of plant origins indicate that the international 
and intercontinental diffusion of cultivated plants, domestic animals, 
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hand tools, and husbandry practices was a major source of produc­
tivity growth in prehistory and in the classical civilizations. 3 It is well 
known that the transfer of new crops (potatoes, maize, tobacco, and 
others) from the new continents to Europe after the discovery of the 
Americas had a dramatic impact on European agriculture. The 
technological bases for the staple exports of many developing coun­
tries-cocoa in West Africa and rubber in Southeast Asia, for ex­
ample-occurred as a result of the international diffusion of crop 
varieties. 

Before agricultural research and extension were institutionalized, 
this diffusion took place as a by-product of travel, exploration, arid 
communication undertaken primarily for other purposes. 4 Over a 
long gestation period-several decades and even centuries-exotic 
plants, animals, equipment, and husbandri techniques were gradu­
ally introduced and adapted to local conditions. In the 19th century 

rthe internationai diffusion proces became more highly in­
stitutionalized. National governtmenis established agenries (lelillr­
ately to seek out and introlu( e exotic (iop varieties and aninial 
breeds.5 Colonial governments and the great trading companies 
operating under their protection sought to introduce crops with 
export potential into new areas of cultivation. Over time, these 
efforts have had a substantial impact on the location of staple pro­
duction and on international trading patterns in crop and animal 
products. 

The enormous agricultural productivity differences among coun­
tries, combined with the success of earlier diffusion efforts, have 

'See Carl 0. Sauer. ,grvultural Origins anid DtIpPOVl1 The Domesttuation of Aromal 
and k xdtuffs, 2d ed. (Cambridge, Mass., 1969). fl. 113- 34; N. I. Vasilhv, The Origin. 
i'arnation,Immunit) anu ireeding o,/ Cultivated Plants, trans. Ii orr the Russian Iry K. Siarr 
Chester, Chromnta Btanua, vol. 13, nos. I-6 (1949 50). Set also l)avid R. Hiarris, 
"New L.igbt on Plant I)omestiiation and the Origin%of Agni uliuie. A Review," 
;eograph-alRetviru, 57 (January 1967): 90- 107; iolke lios "fileing. I ransf orniatioo 

of Euiripean Agriultute," in 7h 'amnrulg., Er.foimu Iht,,m- ',/ I.uylp,. pt. 2. lIhr 
didustrial Ilev'dutmen n id .4/1,. ed. IL. I Hlabakkuk and M. Posian difidlge. 

1966), pp. 604-72; Piig-'li Ho., "l.all,-i ipeiling Ri e tl Chieje Ilistot), F,onmui 
iltor) 1et'teru 9, wt. 2 ( )e(inleri 1956) 2001 I. 
'4Se, foi examnple, Wayne I). Rasinussen, "l)iploInats and Plant (olle tot,: 1 he 

South American Comnission, 18I7 1818," Aguultuea Ihl tor 29 (Ia niary 1955). 
22-31. 

"Nelson Klo.c, Amrrua' (ri.p ileritage. The IHitort o/ I-11etign Plant Intodutwtn Irv the 
Federal (,ier-nment (Attics, Iowa, 1950), Knowles A. Rycrion. "histtory and Sig­
nificance of Foreign Plant Intiouctiion Work of the tnited States )epaitient of 
Agriculure," Agrirulturat lI eris 7 (July 1933): 110- 28. 
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often been interpreted to imply that more effective diffusion of 
known agricultural technology among countries could represent an 
efficient source of economic growth in agricultural productivity and 
production in the less developed countries. This perspective im­
posed a "naive liffusion" or "extention biais" to much of the national 
and international aid efforts for agricultural development that 
emerged after World War I. In reviewing the agricultural devel­
opment eflorts of the 1950s and early 1960s, Albert Moseman em­
phasized that "this 'extention bias' met with only limited success 
because of the paucity of applicable indigenous technology and the 
general unsuitability of U.S. temperate zone materials and practices 
to tropical agricultural conditions." 6 

,In this paper, from earlier research on the diffusion of culture 
and technology, we draw insights that can contribute to a more 
adequate understanding of the processes involved in the in­
ternalfional transfer of agricultural technology and the impact of 
such transfer on the location of agricultural production and in­
ternational trade in agricultural commodities. This analysis leads Lis 
to place major emphasis on the emergence of' national exper­
inlent-station capacity for adaptive research anid development as a 
critical eleent in the intelnational transfer or "naturalization" of 
agricultural technology. 

II. Di[]uiiou Model%and InternationalTchnoltogy Tan.i[er 
There are multiple traditions of research on diffusion processes: 

in anthropology, economics, geography, sociology, and other dis­
ciplines. Each tradition has evolved a somewhat different model of 
the diffusion process. Aside from differences in terminology, real 
differences among these mode!s exist because they concernedare 
with different aspects of' difhtusion phenomena. The main focus of 
sociologists an(l geographers has been on the impact of' commu­
nication (or interaction) alnd sociocultural resistance to innovation on 
the pattern of diff'usion over time and across space.7 The models of 

6A. it. Ntosenat, i dng .sgi uhltal It','ah M ith sohezvrDn c inig ,atwns (New 
York. 1970). 7 1. 

"For it review of these several t raditions se Elihu Kati, I ertrl Itailton, and 
Matrin Ii.. n" Reseatn h oti otndititns ot )illifsion 
Somidagual Ilett'au 28 (April 1963): 237 52; Fve+r-ct M. Rogers. 1)llumri ii/ Innorati'rt 

"cii, the Inovatioll," .1mouan 

(New Yiitk, 1962 ; Ail. t Pired, "Posis'tlil ," in Toltten IIlagerstrand, Inmwthryd n 
i/ff/tium a Spamal IPc,', (hit ago, 1967) ip. .99 - 324: )elbert] . Myren. Bblgiogm­

phi C(:mmnhiilraititink .1g aultutal i) 'lppmintw (Mexico. 1965). 
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economists have focused on how economic variables, such as the 
profitability of innovation and the asset position of firms, influence 
the rate of diffusion. 8 

The models have, with a few exceptions, only limited relevance 
for the international transfer of technology in agricultu2'e. They 
have typically been designed to describe or analyze diffusiim within a 
particular area over time. The attributes of the technology and the 
attributes of potential adopters are taken as given. 9 While these 
models are highly useful for the purposes for which riey were 
designed, the assumption of ready availability and of direct transfer­
ability of the technology represents a critical limitation in utilizing 
them to understand the process of international diffusion in situ­
ations where ecological variations and differences in factor endow­
ments among countries inhibit the direct transfer of agricultural 
technology. 

The study by Griliches of the diffusion of' hybrid corn represents a 
rare attempt to incorporate the mechanism of local adaptation into a 

" diffusion model. ' The study is of relevance because the diffusion of 

HZs Griliches. "'Hybid Coi n': An Exploration intie Emtroirmi% of Ter hnologi al 

Change," Economtrva 25 (O(tolt-r 1957): 5(01 22; "llybrid Corn and the Economics 
of Innovation." S(drnt, 132 (July 1960). 275- 8; Edwin Mansfield,. "l'ethnial Change 
and the Rate of Imitation," EiPnometrva 29 (( tolbl-r 661 of196 1):7,1 tlhe Speed 
Response of Firms to New Ierhniques," Quarfrrl4 Jurnal )4Eeminmu 77 (Nfay 1963). 
291-3 I; "Size of Firm, Market Structure, and Innovation," urnl, ul uf Iolitual Emw. 
mi 71 (December 1963): 556-76; "Intrafirm Rates of )iffusion of an Innovation." 
Reviu, of Eronomu' and Stattittwi 45 (November 1963): 348-59; L.awrence A. Brown, 
Diffuuion Prore%%er and i.,wation 4 Coneptual I-ramntrk and Blildgraphts (Philadelphia, 
1968). 

OThis has been of concern to some of the leaders in the field of diffusion research. 
Hagerstrand, in summarizing his work, point- out: "In the models attention was 
directed to the prresses of change, to how the distribution of g. generates the 
distribution of g.. lJehw'ation of the starting poit of the diflumior fn ess was 
stated among the assumptions. Ifowever. we observe that when agr;tultutal indicators 
and agricultural elements are involved, the same small areas within the tegion seem 
repeatedly to be the starting points for new innovation... The origin of so1 (enters1 
is a problem in itsclr' (p. 293). 

t1(;rilihes 1957. The (;riliches study is also of interest becaue subscquent dis­
cussions helped to cliarify the role of e(ononmi and soxnioultural factors in the 
diffusion process. See Lowell Brandner and Murray A. Straus, "Congrue(tc versus 
Profitability in tite Diflusion of flybrtid Sorghurr," Rural Suto*logy 24 (1 ecemfnlmr 

1959): 38I-83; Zvi (;rili(hes, -(:ornguer(e versus Profitability: A False Di(hotormy," 
Rural Soruirog-v 25 (September 1960): 354 56; Everett M. Rogers and A. Eugene 
IHavens, "Adoption of HlIybrid Corn: A Comrmrent," Rural Siftologv 27 (Septemnber 
1962): 330 32; Zvi (rili hes, "Profitability vetsts Ihiteia(lion: Anothet ialse t)it hoto­
my," Rural Smwolog) 27 (September 1962): 327- 30; .arvis M. Bala r k,"Adopitior of 
Hyb rid Corn: A Comment," Rural Somtolgy 27 (September 1962): 332- 38; (erald E. 
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hybrid corn among geographic areas, through the development of 
locally adapted varieties, is similar to our view of zhe process of 
international technology transfer in agriculture. "Hybrid corn was 
the invention of a method of inventing, a method of breeding 
superior corn for specific locations. It was not a single invention 
immediately available everywhere. The actual breeding of adaptable 
hybrids had to be (lone separately for each area. Hence, besides the 
differences in the rate of adoption of hybrids by farmers... we have 
also to explain the lag in the development of adaptable hybrids for 
specific areas."" 
The procedure employed by Griliches was to summarize the 

diffusion path for each hybrid-corn maturity .rea by fitting an 
S-shaped hgistic trend function to data on the percentage of corn 
area planted with hybrid seed in each maturity area. The logistic 
trend function is described by three parameters-an origin, a slope, 
and a ceiling. (;riliches interpreted his results as indicating that 
diflerences among regions in the rate (slope) and level (ceiling) of 
;Icceptance are both functions of the profitability of a shift from 
open-pollinated to hybrid corn. Variations in these two parameters 
among regions are thus explained in terms of farmers' profit­
seeking behavior. In this respect Griliches's model is similar to other 
diffusion models emploved by economists. 

What makes the (;riliches stuly unique, and relevant to the prob­
let of international technology transfer, is that he incorporated into 
his model the behavior of' public research institutions and private 
agricultural supply firms which make locally adapted hybrid seeds 
available to farmers, lie attempted to explain variations in the data 
of origin, oi of commercial availability, of hybrid corn by the size and 
density of the hybrid-seed market estimated from the size and den­
sity of corn production. 

From this analysis Griliches derived the conclusion that both the 
efforts of the agriculural experiment stations and the commercial 
seed companies were guided by the expected return to research, 
develol)tnent, and marketing costs. It is one of the great merits of 
the ;riliches model that it incorporates the mechanism of local 

Kh01glaill Mid tE.Wahter COwIAd,.lr.. "lhe (ontept of Smix)lic Adoption: A Sog­
gt.%[(.l Iittelpetaiiol." IiuFal .S'miahlp 35 (Marth 1970): 77-83; Kenneth .. Allow, 
"(:lC%iti(a.i) Notce Iroduttio 'itanmmission oif Kitowl­% on lilt- and l'echnological 
v(Igr.," , mruiitan i'omtmu flvie'u 5i9 (Nla 1969): 29-35.Arrow points out "the econo-
1II1%1%%%1111%i1le (1(111111d oIh- tl llitln th llial iilltno iolol. and.i1' fol po S,,iolo­

hh ill lit%ttltspl alttIltltdtOhtgi11i plobit-t 1% o,1t i I ttd nnk" (t).293). 
1nGi liltht'l-1957,1). 502. 
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adaptation in the interregional transfer of agricultural technology. 

This mechanism is based on the behavior of public research in­

stitutions and private agricultural supply firms. Modification of the 

model is needed, however, in applying it to the study oi' in­

ternational technology transfer. 
In the United States, there exists a large stock of scientific and 

technical manpower, a well-structured federal-scate experiment­

station network, and %igorousentrepreneurship in private farm sup­

ply firms. The mechanism for inducing the research and devel­

opment necessary for local adaptation of technology functions 

efficiently. When these conditions are not met, even if the expected 

payoff from the transfer of a particular technology is potentially very 

high, the supply of adaptive research may be very inelastic. The 

problem of facilitating international technology transfer as an in­
strument for agricultural development is, therefore, how to in­
stitutionalize an elastic supply of adaptive research and devel­

opmerit. The most serious constraints on the international transfer 

of agricultural technoogy are: (a) limited experiment-station capaci­

ty in the case of biological technology and (b) limited industrial 

capacity in the case of mechanical technology. The inelastic supply 

of scientific and technical manpower represents a critical limiting 

factor in both cases. 

.rhnolol.y. "l'rans/er1!1. Pha~ws ol Internationa'l 6,' 

It seehns useful to distinguish three phases of international tech­

nology transfer: (a) material transfer, (b) design transfer, and () 

capacity transfer. 
The first phase is characterized by the simple transfer or import 

of new materials such as seed, plants, animals, machines, and tech­

niques associated with these materials. Local adaptation is not con­

ducted in an orderly and systematic fashion. The naturalization of 

plants and animals tends to occur primarily as a result of trial and 

error by farmers. 
In the second phase thre transfer of technology is made primarily 

through the transfer of certain designs (blueprints, formula, th)oks, 

etc.). During this period exotic tnaterials are imported in order to 

copy their designs rather than for their own use. New plants and 

animals are subject to orderly tests and am e propagatedl through 
systematic multiplication. Machines imlporte(I in the previous hlaitse 

start to be produced domestically with only slight modifiations in 
design. 

In the third phase technology transfer occurs primarily through 
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the transfer of scientific knowledge and capacity. The effect is ti 
create the capacity for the production of locally adapted technolog' 
according to the prototype technology existing abroad. Increasingl 
plant and animal varieties are bred locally to adapt them to loca 
ecological conditions. The design of imported machinery is modifiec 
in order to meet climatic soil requirements and factor endowmenti 
of the economy. An important element in the process of capacit, 
transfer i,.the migration of' agricultural scientists. In spite of ad. 
vances in communications, diflusion of the concepts and craft ol 
agricultural science-and of science and culture generally-depend, 
heavily on extended personai cottact and(association.1 2 The transfer 
of scientists is often of 'ritical importance in easing the constraints 
on the supply of scientific and technical manpower in the less devel­
oped countries (l+I)Cs). Much of the institutional development effort 
of the international aid agencies ('all be viewed, andappropriately 
evaluated, against the ol)Iective of speeding entrance of' the IDCs 
into tie capacity transfer phase. 

TI.e threellphases of international transfer of agricultural tech­
nology outlined above are tested against two cases: the development 
and diffusion of sugarcane varieties, and the transfer of the tractor 
to the USSR and Japan. 

Dri',donlim t n/o Sutgaw(an. I(ari.' 

Robert Evenson's study on the development of sugarcane varieties 
is of interest because it represents a major example of tie in­
ternational transmission oflIioh)gical technology in agriculture, and 
Iecause the l)pocess has evolved frnm a simple transfer of plants to 
the phase ot (alacity transfer. 13 

12'" I thaniSolttt.hhlgital tiaii stei agents. not agencies; of thehm is ont"ol 
Illovenlient of people aIIItong eslblishnents. lather thian o lthe routiig of' inforlnation 
thil'ugh nttmlvllulltt st'eins" lurns. "Models. Images. and Myfths." illatio l s (loit Fac­
tpp tiih 1thi /i '€lii/$SWilliam) if. r and Marquishan,1 ,oh ed. (rti Donald G. 

It atlil idg.. M.ss. 19691. p). 12). S.e alsi %'ale C. Sbos'ille. "Nioto-it% Migratiotns 
atnd the iilftsion(iftt itl-tittgs. ?".] t I/tian I I (Fall/ i7) i,/h t irin 1951): 347-60; 
Ih it, F. Redli h. *lttas- I liu Migt Splte atand stnital osei l'ile."K1iottn iIl I' 
6 (1153): 30t) 22; Rolit Solo, "Ahe (Cal),( its to Assinmil.te illA\(atlntd lvih­
iolcig ." . fIll, tilii) Iil,ll,,I -'I , i, ani Iu', ,, g, 56 (MaI, 196 ): 91 -97; l)et 'k 
i.dc S. Pti t I Ie lint tll, tit I'lll i.tio l ill SI Ci'lIttllldl'thtdiolog\." ill(;tlt n" 

.tll NI'ltiltits.Ip).t I 1)11. 
1 3 . E tnsoI. i'.1hlJonk. It.. and V. %. Ruttat. "lethnical Clhmage and 

Agtitthtull It Idc I ltie Eianiples-Sttgaitcta. Banatas, and Rice." itnThe T''h­
,iilil,g' l) inI httatital I',iil. ed. Rasimolotd \l rnon (Ncw York. 1970), pp. 
1IS 80; Rolhet E ttsotn, "lInttetiatiolial I tltnstlissiolt of I'thloltig illtilePtod c-. 
tit)ollf Sigatl(,ln."I ' it ltsitt, of fMitimst.t Agr itlttitrI Exlp-eriutent Station Scien­

http:Assinmil.te
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Evenson identified four stages of development in sugarcane vari­
eties. 

Stage 1: Natural .%lection (wild (ane.%.-The cane plant reproduces 
asexually. Until the late 1800s relatively few wild or native varieties 
were commercially produced. These varieties apparently were the 
result of natural asexual reproduction. They were transmitted be­
tween countries, but the transmission was extremely slow. For ex­
ample, the "Bourbon" cane, the major Stage I cane in the 19th 
century. was not introduced to the British West Indies until 1785, 
almost 100 years after it was a commercial cane in Madagascar. 

Stage If: Sexual reproduction (noble canes).-The discovery of the 
fertility of the sugarcane plant in 1887 independently in Barbados 
and in Java established the basis for the breeding of new varieties. 
Under proper conditions the cane plant can be induced to flower 
and produce seedlings. Each new seedling is then a potential variety 
since it can be reproduced asexually. The early, man-made varieties 
were produced using the existing commercial eighty-chroinosome 
cane species SartharumOfluinarum as pai crt varieties. Between 1900 
and 1920 numerous varieties resulted from this effort. These vari­
eties were transmitted widely over the world from experiment sta­
tions in Java, India, Barbados, British Guiana, and Hawaii. Many 
were distributed to other countries and, when introduced, appeared 
to be definitely superior to the native varieties. Only simple tests and 
demonstrations (if any) were required for recipient countries t) 
propagate these varieties. In many cases, however, these new vari­
eties were susceptible to diseases, and their yield advantages were 
lost. 

Stage III: Interi/prcifu h bridization (mobilization).-1lhe experiment 
station in Java (Proefstation Oost Java, POJ) achieved a major ad­
vance in cane breeding by introducing tie species S. Spontaneum into 
their breeding programs after 1915. Through a series of crosses and 
back crosses new interspecific hybrids were developed that in­
corporated the hardiness ard disease resistance of this noncommer­
cial species. Later, the station at Coimnbatore, India, developed a 
series of tri-hybrid canes by introducing a third spe(ies, S. larher. 
This resulted in the development of new varieties in India that were 
specifically adapted to local climate, soil, and disease conditions. 'lhe 

il journal Paper no. 68105. Saint Pail, I91i9; Robvit F. Even , ii a d MaiNi l L.. 
(Cordo i, "tRe p)olsivele sI'(), E40lnollli( 111n(i Ltive% by .1) gail(a liA' ('m ,i ill "I' ui­

man, Argentina," rnimegiaphed (New Ia vein, (oin.: I)epamment )1 Emnoirni(,, 

Yale Universiy. 1969). 
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Stage Ill varieties were disease resistant and high yielding, notably 
those from Java and India. They were transferred to every produc­
ing country in the world. While this international transmission was 
widespread, it did not occur easily. The existence of research and 
extension capacity in the recipient countries was an important factor 
in determining the rate of diffusion of the new cane varieties. 

Stage I': J.Aoation-specyir breeding.-The Coimbatore, India, station 
set the stage for modern breeding aivity. More than 100 exper­
iment stations are now in existence. In most cases they are pursuing 
programs which involve systematic selfing and crossing of parent 
varieties suitable to the specific soil, climate, disease, and economic 
conditions of relatively small regions. Very little international trans­
mission of varieties is now taking place, as most regions are produc­
ing sugar tli)l cane varieties developed at a regional or national 
etxperinient station. 

It appears reasonable to interpret sugarcane variety transfers dur­
ing Stages I and IV as clearly belonging to the material transfer and 
the capacity transfeir stages. Stage Ii appears to Ie a transition from 
the material transfer to the design transfer. and Stage 111, a transi­
tion from the design transfer to the capacity transfer. Significant 
implications of this sequence are: (a) the increasingly important role 
which the experinent station has played in developing and natural­
izing sugarcane varieties, and (h) the sequence running from initial 
international diffusion of superior varieties to the international 
diffusion of tile capacity to "invent" location-specific varieties superi-
Or to the naturalized arieties. 

It1((rtj1Uoj i l¢ 1%j¢ paji I? jPj/a/t i 

One of the dratinatic examples of the transfer of mechanical teca­
ttology in agriculture was the Soviet adoption of American mechmn­
ical technology, particularly the tractor, during the 1924-33 decaae. 
Also of interest is tlile transfer of small-scale mnechanical equipment 
to apan since the mid-I950s. In both cases the experiment station 
occupied a relat i('l illillor role. incontrast to the maior role of the 
experiment statiin in the transfer of biological technology. An 
itnl)o-laill element in tht transfer of machine technology in agrictl­
tur illboth i~iUSSR and Japant was the (oniestic manufacturing 
capacity. 
The tractor occupied an imip)ortant role, for both ideological and 

pmttical reasolas, in the develolment of agriculture in the USSR. 
The transfer of American inachine technology to the USSR has been 
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documented by Dalrymple. 14 The three phases in the evolution of 
technology transfer can be observed. 

Material tran.%fer: Inportation.-In 1924 there were only about 
1,000 tractors in operation in the USSR. By 1934 the number had 
increased to over 200,000. Approximately half of this total was 
imported, mostly from the United States. After 1931 imports 
dropped sharply. 

De.ign transfr: Domestic production.-Tractor production in the 
USSR rose from seventeen in 1924 to clo.se to 5.000 in 1929. By 
1933 production exceeded 50,000 and in 1934 approxilia ted 
100,000 units. This development was also heavily dependIent upon 
the contributions of U.S. technology. The early Russian tractors 
were direct copies of U.S. models, primarily Fordson and In­
ternational Harvester inachines. The Russian tractor manufactultring 
plants were designed by American firms anl constructed under the 
direction of U.S. construction engineers who had been associated 
with similar developments in Detroit and Chicago. Russian technical 
teams visited Detroit and Chicago, and American foremen were 
imported to train the workers and help run the new plants. "ihus 
by the early to middle 1930's the Russians were producing reproduc­
tions of their American tractors, in plants designed by Americans, 
built under American supervision, and initially operated tinder 
American supervision. In this way . . . the Russians were able to 
acquire quickly and with very little effort the technical knowledge of 
tractor Iroductions which had taken years to develop in this coun­
try."15 

Capacity transf'r.-Beginning in 1922 the Russians also began to 
import to the USSR American farmers and American fiarm­
management specialists to advise in the organization of' large-scale 
mechanized farming units and to instruct in the use of tractors. 
American influence in the adaptation of mechanized production to 
the economic and technical conditions of Russian agriculture was, 
however, less pervasive than it was in tractor importation and i)ro­
duction. From the beginning the productive use of the new equip­
ment was hampered by improper use arnd( inale(tiate rmainte­

16 nance. 
4
1' )a:ia G. DaIiymple. "Am i, ai n So~iet Agli, It l)evel­"Itilotogy and hual 

opinent, 1924- 1933," Agritultuhu l Ih,, i .10 (Jul 1966): 187-216; ttIe Aietic an 
I'rattor Coimes to Soviet Agriuhre: tIeI "'ratse" of a led itnolcigy." IrthrmlhgV and 
Culture 5 (Spring 1964): 191-214. Sec also Robeit F. Milleit, Ote , IHu " /idt uiand 
Irafltr%(Cambridge, Mass., 1970), pp. 63-98. 

1
s!ahyrnph"196-t, p. 201. 

16"Rates of srapping awt alomt t5mi(, as high is those ill the Unii'dl States.... 
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A remarkable aspect in the Soviet adoption of U.S. machine tech­

nology is that it has continued to center on large-scale tractors. 
There is stil! no indication that machine size has been reduced to b. 
more consistent with factor endowments of the economy. This seems 
to be explainable in terms of the Russian motivation to met-hanize 
agriculture. The Soviet efforts of farm mechanization were in­
separably related to Stalin's policy of heavy industrialization. 

It was designed to procure an agricultural surplus for in­
lustrialization (by means of cempulsory delivery) while breaking the 

economic power of the peasantry. In terms of this goal, the devel­
opment of efficient small-scale machinery, consistent with the pea­
sant or fainily-farn mode of production, was considered undesir­
able. Big tractors were a means of forcing peasants to adapt to the 
socialist mode of production. 

(;iven the factor endowments in Russia, however, it was inevitable 
that this large-scale mechanization has led to a significant malalloca­
tion of resources in Soviet agriculture. 7 Institutional constraints 
apparently limited the ability of the Soviet farm-machinery industry
in developing the capacity to design and produce farm machinery
consistent with the factor endowments of the USSR. As a result, the 
capacity transfer stage was aborted. 

"Mini-tractorization," an introduction of the small-scale tractors of 
less than 10l h.p. in post-World War II Japan, represents a clear 
contrast to this Russian experience. Before World War 11. mecha­
nization in Japan was restricted to irrigation, drainage, and post­
harvesting operations; tractors were introduced only on in exper-
Utilization to full capacity on huge farm units leads a more rapid wearing out of 
machines. In re(ent yeals lie .supplyof new mctors to agriculture in the Soviet
 
Union has bt'en laigei than in the United Stai's; yet the total tractor fleet in the USSR
 
increases onlv slowly. 'lie Si 
 ict irat-ioi figures tonfirm fiat the use of men and
 
machines iii the tUSSR is marhie-cen,ird,as 
 would h' expected in a low-income 
economy. In thet United Sta:es and western Europe. with high and rapidly rising
pel-capita incoles. tihe use i noachines centers anound tiseuse ofi anpower,aiming
at maximtizing It el iciency of ILil)il conmmitted to agricultural production by means, 
anonig Ithel things. ol soilne extess capacity in tractors anid other heav) irachines" 
I Folke t)ovring, "Sosiet Faim Mechanization in Perspective." Slavic Reviu 25 (June
 
19661: 287- 3)2. esp.289- 91)).
 

1',11 lailoting ,igii(nltune to big Ita(lors. ithas 
forced agricultute into ;lnabsurd,
Iimoan lSt olaf Ltf in sets. i.'.,'xct'C'dingl. laige state aild collective firms and 
ti I' Ip it ft1uis, a binui odaI I tIllI I ha ted of) hig tiactors anid many hoe.s. ,olh types 
are highlI inefh itiI ....Suppose thee plot Larins wete increased tIno mole than 10
,i it's and suLpo simall hlnd (ga lden-tvp.L) -otnplenlentarv machinestractors and 
.111d equili'nl weli made aailab'e; total agiitiultura l iodction in tilt' Soviet Union 
would list' shiptl%, ( I'llCodiiC W. SCholt/, Iitani ung Iiadttlina .4gui l io INew 
Ila tn, ( mi i.196-11 , 1). 12:3) 
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imental scale.1 8 The number of hand tractors on farms rose sharply 

from virtual nonexistence in the 1940s to 89,000 in 1955, to 517,000 

in 1960, and to 2,500,000 in 1965. 
This postwar spurt of tractorization in Japanese agriculture may 

partly be explained by the increased income of farmit households due 

!o the land reform and by the relatively high food prices in the early 

postwar period. Higher incomes, and higher returns to lalbr, in­

duced farmers to substitute tractor power for manual labor in crop 

production. 
Supply pressure from the machinery industry was also important. 

From the beginning of modern economic growth until the end of 

World War 11 the Japanese machinery industry depended heavily on 

military procurement. When this favored market was .liminated, 

after World War ii, the industry was left with significant idle calpati­

ty, especially of engineering an,! technical manpower, and was 

forced to divert part of its capacity to agriculture.19 )omestic pro­

duction of hand tractors increased fin only 60 in 19-15, to 34.000 

in 1955, to 305,000)in 1960, and to 437.000 in 1965. 
Under the strong supjly pressure of the machinery industrN Ja­

pan quickly bypassed the material transfer- importation phase, and 

advanced to the capacity transfer phase. Small-scale tractors were 

imported from abroad primarily fr Iiposes of'design transfer. 

The first tractors manufactured in Japan (called "power cultivators") 

were suibject to several defects, including heavy body weights relative 

to the power generation and inadequate design for paddy-field op­

eration.2 Ihese dlefects were soon corrected. Two major devel­

opments which brought about the rapid growth of tractorization in 

the mid-1950s were (a) an increase in the power of the power 

cultivators from less than 5 h.p. to the range of 5- 10 h.p., which 

permitted a depth of cultivation comparable with the depth of horse 

plowing; and (b)the development of small hand tractors in the low 

horsepower range with interchangeable attachments. 'These 

modifications made it possible to replace (Iralt animals completely by 

small-scale tractors in paddy-field operations. 
Extremely rapid progress in the mini-tra(toriiation has ptIilzed 

many Japanese agricultural economists. Some have questioned its 

'For tlie ipr(xess of Il i |alli/aiorililnthe pir.wairi'riol %e.Iakektot ()g ura.ll'( i 

ed.,.4grioulturalDlerhpmnrd tiAl odern Japan,(Iokyi. 19 6h. pp. 41t0l22. 
NeiThe iiti9Seiithi"'obata and Shige|t Ka wan,rd,.., Nhon notKeiziti to 'N,, vii 

and agi iltur, ot .apan]. %ol. 2 (i ky,. 1956), pp. 231 6i. 
2' 1Nnliuturni Kayo, Nihon Nugv'3. Kaluk ?it Kada.I I'hllenis oftagiiluhuial iiii( Iia. 

4 1-i6.nization injapanil (Tokyo. 19t62, ppl.l 
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efficiency and have developed a hypothesis of overmechanization 
elements. 2 1 

based on demonstration effects and other psychological 

Tsuchiya's recent study, however, indicates that increased utilization 
of tractors can be explained by the efforts of farmers to reduce 
production costs in response to rising wage rates relative to the price 
of agricultural machines and equipment without invoking such fac­

22 
tors. 

In contrast to the Russian experience, the Japan experience in­
volved the tailoring of tractors, and other farrm machinery, to the 
size of the individual production unit. 

11'. T'chaIolg y"ats/i,'r and .Igminultural Trade 

Successful technology transfer frequently introduces substantial 
disequilibrium in factor and product markets. The effect, ire not 
confined to domestic markets, but frequently spill over into the 
international c(onomic system. ('ctti., paribuo, the transfer of tech­
nology, implies a reduction in the technology gap among areas and 
among countries. Con pa rat ive ad vantage fota certain commodity in 
a natiol which in itialh develp)ed tile superior technology for the 
conimnolit rlliav is tile technology is transferred abroad.be lost 
Whel tie international technolog gap is closed, the comparative 
advantage and the trade initrix will be determined primarily by 
relative factor erdowments. 

III ordei to understand tie fe'edback of international technology 
transfer on trade relationships, tihe product-cycle model developed 
by Rayniond Vernon is suggestive.23 According to Vernon both the 
miew consumrer goods (e.g., autonatic washer) and producer goods of 

labor-saving chailacteristics (e.g., forklifi) tend to be developed in­
itially inthe United States because size of the market, with a large 
number of high-income consumners, and the high labor cost in the 
United Slates provide a favorable environment for product in­
novations. In spite of higher labor costs in the United States, Vernon 
suggests that initial production capacity for new contsumer and pro­
ducer goods will tend to be located there because of the dynamic 

21 l ( %i,%.I ( ill ihid., pp. 3.'5I). ICW%+,(,1, , t. 
2 2Kt' I%.! lSi/o, *".(oij ot ill Agittl illo, lli% NiCtthanuation Stiall-Stal iute." 

.Agttit ' and i t:a*' , 'm(,r th /awns' Iw,'pien ,. etd. K.gitshi Olikiwa, Bituc F. 

lil)%sItl. adl litolil,, '.vlInda(lok,,o, 1969). pp. 58 104; "thc Role and Sig­

nif Ialt'ct Met ha uatiiol inj. pan st Agttit uuli ."/]otnatl0 the ar, f1 .4gtculd­

tile. Kvohu I ,,i ,'l' i Ilklui' , 1970): 169 77.f 

2 3

Rainontd Vem1onl, "Iit., lilll I lISC"llli l l in il liidt(lllioln l 'radeill ile 

Il l d c, (O alI %i\' ,su of ".+ I96(i): 90- 207.UtI ' "/'] 'otomu s Nl)(,r 

http:suggestive.23
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interrelationships between innovative effort and the market response 
.a new products during the early phases of' technological innovation, 
product design, and market development. For the initial producers 
of a new product for the U.S. market these considerations are "far 
stronger than relative factor-cost and transport considerations" that 
have been emphasized in traditional trade and loWation analysis. 

Following the period of prod Oct innovation and modification a 
certain degree of product standardi/ation takes place. As the need 
for flexibility declines, technical possibilities for achieving economies 
of scale Open up. Initially the manuifacturing plants tend to be 
located v.ithin the United States because it is the only market large 
enough to exploit the scale economllies. Thus, from tile product 
innovation to the early stage of standardized pioduction, the United 
States remains as a doiinant exporter of the new products. As the 
non-U.S. market expands and the produ(t standardization is com­
pleted, the production capacity is built in other advanced countries, 
and finally the international firms Ibegin to servi(ce the third-country 
markets or even the hone market II()inI o\ersas hwat ionsichara(cer­
ized by lower lalxn costs. 

"If cmonionies of M(ale are being fulls exploitcl. the piintipal 
diflerences between arty tw Iocations are likels to be l)vLbor osts. 

Ac ordingly. it may prove wise for the inteinational imin to lx'gr'i 
servicing third-c)untry inaikets I orrn Ih(e new location. And if 1 oor 
costs diflerences are large enough to offset tiansport ((osis, then 
exports Black to tile United States tiay Iwcome a possibility as well.'' 24 

The Vernon model is designed to analyze the innolvation­
investn(.nt-tra:ie sequences in industrial p(lxiti(tiln. II agri( ntiie. 
however, it is not the standardization of tile produ ct or the produc­
tion pro< ess which facilitates the transfer of new production capacity 
from the developed to less developed countries. Rather, it is the 
establishment of an agricultural experinent station system in tile 
recipient countries with (apacity to conduct the tesear(hI and devel­
opment ne(essary to adapt foreign materials arid designs for Iotal 
adoption. Yet, once suchi a system is establ ishied and he pro duction 
potentials implicit in ftOreign tec hinology ate being Iully exploited, 
comparative advantages tend to I)e (leeni ined by diftlent(es if) 
factor endowments amrong (ou tries. hlie initial advantage of an 
innovator may be lost as tile new te(hnology is transletred among 
(ountries as a result of local adaptation and deveol)opment. 

The Case of sugal(a"ti examined in Ihe previous sec(lion pjrovides 

1I 1)1(, pp.1I 4 2I1). 
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an example illustrating the sequence following innovation and tech­
nology transfer. The Java station (POJ) was the leading generator of 
new varieties from 190) to 1930. During most of this period Java 
experienced an increasing relative advantage over other sugar­
prodncing countries. The technology gap became widest around
1930. After 1930 the decline in world demand and the widespread
diffusion of the capacity to breed superior location- pecitic varieties 
in other sugar-producing areas (except Cuba) led to a decline in 
sugar exports from Java. 

A more dramatic example may be seen in the process of transfer­
ring rice-production technology from Japan to Taiwan and Korea 
during the interwar period. 25 The agricultural Productivity growth
of Japan from the beginning of modern economic growth following
the Meiji Restoration (1868) to World War I was supported by the 
propagation of the better farmers' techniques screened and tailored 
by experiment-station workers following the modern agricultural
science tradition of Germany. The initial phase of rice yield increase 
was caused by the diffusion of superior varieties selected by veteran 
farmers (17,#.') within the western part of.Japan, which included the 
most advanced regions (Kinki and Northern Kyushu). 26 These supe­
rior varieties in the west provided the prototype for farmers and
 
experiment-station workers in the east in developing improved vari­
eties for their ecologies. The experiment stations in their early days

contributed to agricultural productivity 
 growth by exploiting in­
digenous potential rather tian by supplying new potential.
 

By adequately screening and tailoring veteran 
 farmers' varieties 
and practices, Japan was able to obtain substantial increases in agri­
cultural productivity by exploiting the indigenous technological po­
tential. Through the diffusion of these techniques, first among the 
western prefectures and later among the eastern piefectures, do­
mestic rice production was able to supply about 95 percent of the
domestic consumption during the period of the big spurt in in­
dustrialization between the Russo-Japanese War (1904-5) atid 

2
"I'ht* 1Iclihwicng I e it.,,% is ,.ij tt| in ntll iii. cI i' rtSptreettd ill gl'atiil detail illItlYL jil'4 

Ilavamlli and V. W. Rtuiiacu, "Koc cil Rite. iaii%,an Rit. and .ap,liest" .gricultural
Stalgn.tion : A l j'clololistifcict (h cilit c ofotI,( cicij.cljsn.' Q2,,iit, ,/s /,,,, ,! ,,,,,l
81 (Ncsntcctcc'i 1970): 562. 89. and Yujin) oI, alci. "leni'ehis of IiiuIt IInni\.cs 1ccn: 
A. Ilistoiital I ttspet Ine toi lilt • (;itcen Re' hltictn." I.. alati,n o, Ici,mcnu II t,, 8. 
lit|. .1 (StlIllIcII el IKe117 1). "1"1 72. ,ci \l 'lof smi. I Iiic k. .antI Ricii.ci 1,n 12 .IiostV2

6S t N' i.' Il .c 1(i S1.1tuic-1Y.clc.cl . "Ag it uIIcuIIcccall lc i\ ,c1 u litBegini-
Iling oft Indiasi i/ilicc ," t. ih.11m'mu sii .III(I iilflc '/nm *" (il;l,,I ,,,.,,. pp.
105 •:15. 
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World War 1.The impact of the indigenous technological potential 
on productivity declined, however, as it became widely diffused. 

The exploitation of indigenous potential and the lag in scientific 

researchi in supplying new potential, when confronted with the ex­

pansion of demand due to 'World War 1, resulted in a serious rice 

shortage and forced the rice price to rise to an unprecedented level. 

This caused serious disruption in urban areas, culminating in the 

Kome Sodo (Rice Riot) in 1918. 
The reaction of the government to the Rice Riot was to organize 

programs to import rice from the overseas territories of Korea and 

Taiwan. In order to create a rice surplus to export to Japan, 

short-run exploitation policies were adopted. In Korea this involved 

importing sorghum (milo) from Manchuria and forcing farmers to 

substitute this lower-quiility grain for rice in domestic consumption. 
A similar squeeze was also practiced in Taiwan, forcing Taiwanese 

farmers to substitute sweet potatoes for rice :,i their diet. This was 

enforced by a squeeze on real income through taxation and by 
govern ment monopolN sales of such commodities as liquor, toba(co, 
and salt. 

The longer-run program was to introduce developnent programs
designed to increase the Yield and output of rice in the two colonial 

territories. Under the program titled San ma Zohoku Keikaku (Rice 

Production Developmet Program). the Japanese government in­

vested in irrigation and water (ontrol and in research and extension 
in order to develop and diffuse high-yielding Japanese rice varieties 

adapted to the l('al ecology of' Korea and 'l'aiwan. Success of this 

effort created a tremendous rice surplus which flooded the Japanese 

market. As shown in table 1,within the iwenty years from 1915 to 

1935 net imports of rice from Korea to Japan rose from 170 to 

1,212 thousand metrk tors per year, and net imports fronm Taiwan 

rose from 113 to 705 thousand metric tors. As tihe result of the 
inflow of colonial rice, the net import of rice rose irmm 5 to 20 

percent of the domestic prod uction. 
The suc(ess Oi the governnl,-lt progra it) developing Korea and 

Taiwan as major suppliers of rio e to Japan had a niajo r im pact on 

rice prices and prodt( tion in Japan. Such large-scale imports of rice, 

a (ommoditv characterized by a ielatively inelastic demand schedule, 
signilicantly lowered the pric arid otiscouraged Ihe production of 
rice in Japan. A deteri0ration in the price and in ie tll tradernis of 
for rice during this perilod was the logical (oilrselliete of the pol­

fhrioKorea and I '-.ia.Vl.-ies designed to im,tease inilpirt s 

2 7 
1f,1 qll!ll i;t' d1r.1 S(1%1 I naIdtd imii . N,,u'iiln 'i1970' illtR 



TABLE I 

P~ot ( iio%. IMPoit. Ai) A'-AII AR I tSt m'i NiF Ri( ! IN JAPAN. 1890- 1935
 

St i 'PI PP , 3II1'% I%1 jipPlip% 	 N IT IM PIII T 
C) iK / I ] ( . M i otldl( ',i.ts toral Korea Tat-anuit)t M. IMIr I IM It Iwtotal Kor. 14,-fi..mn P., ItI ,. k- IZ A ,J- Ap.Z 

, [ , % %K A)" 	 K , C ;. i ) q " I|; 

189) ........... t.913 5.M61 -48 .. I0.00 -0.8 ... ...
 
1895 ..........5.700 5.651 49 ...... It0 0.9 ......
 
19() ... ......6.578 6.372 206 I0()0. 3.2 ... ...
 
1905 .......... 7.; 39 6.943 596 .1.... IO() 8.6 ......
 
1911) ... ..... 7.923 7.588 335 ...... 101 4.4 ... ...
 

1915 ............
8.692 8.286 406 170 113 1(X) 4.9 2.1 1.4
 
1920 ............
9.720 8.838 882 360 132 100 10.0 4.1 1.5
 
1925 ........... 8.700 640 278 100 15.4 7.3 3.2
10.043 1.343 

1930 ............ 9.070 1.413 974 399 100 15.6 10.7 4.3
10.483 

1935 ..........11.290 9.414 1.876 1.212 715 100 19.9 12.9 7.5
 

SoLR(F.-Yujiro Hayami and V. W. Ruttan. -Korean Rice. Taiwan Rice, and Japanese Agricultural Stagnation: An Economic Con­
•,cquence 	 of(olonialism.' Qiartferlv Journal ef Eronomicl84 (November 1970): 566-82. 
No it.-Fie sear" averages (entering the ,ears shown. Ri(e in brown (husked hut not polished) rice basis. 
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Both the motivation and consequence of the colonial rice­
development program are illustrated in figure I, whi'i: com­
pares the trends of rice yield per hectare in Japan, Taiwan, and 

Korea. Yield per hectare in Korea and Taiwan began to take off in 
the 1920s when the growth decelerated in Japan. This reflects the 
process we have discussed s(ofar: (a) The .Japanese government 
Iaunched the ul)onial rice-development program when pressed Iy 
the food problem arising from the decelerati(n in the gro)wth of rice 
yield per hectare in Japan and rising fo)d demand from a growing 
nonagricultural p(opulation. (/)The success of the pro gram in rais­
ing rice pr(duti n and prodtUCtivity in the two cohnics permil ted 

-: Japan (west)
 3.0 Japan (6e)
 

/ -' ~ Japan(east)
/" / ' "'v
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2..
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a/ °: 

. . . . , * ,*- ,V , 
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Fit.. -i- (e yield% per he(tar" planted lot.Japan."laiwan, and Kmea, Itm-yrat 
mrving average, 1895- 1935. "astrrn prelettut 's: Iwatr. Mii.agi, Akila,Aramorti, Yam­

agata, Fikushima. Ilbaragi, 'I1u<higi, G;rima, Chib,. Saitatia. 'I iaka, Katigawa, Niig­

ala, Nagan), Yamatiashi, Shnnkij , and Autho. V' tcittI In(-ft till vs: Ijo'.1TO. Ist­

ikawa, hukui, Giu..Nlw, Shiga, Kyto. ()saka. IlsIigir. Naia. Wakasa ia. I niin. 

Simnay, (a'arraa uma.Yaragiu I rikM11111A. KJWasAs. I-h11.1,Kar hi,llitos lii Fit­
kuirka, Saga, N 1gasatki, Kirnarniuti,, Oit.. lisatiki, .anl K.igioislaimatl. Siiutti Nolu­

tur Ka . (d., ,VNihetm,%',po Kimu I"nho IliSi( agli( ultulI llsIIIIui( of Ij,,11a I Iiksi, 
lutia'tjn ,ugnu Ycai19.5); laiwani ( (ns(nr nT-( ,'lanrat, .\'tna/u., Ik I tiwitlagi i­

ivi, %ari ias IsSij 'lti-r(tt(.i *'n'gv h d(ulturcI (I ();Koyva ( iist n('lila. I lAgli ul­
tu al StatiSlic j (Scitjli, %aricottSis~lmis). 
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large-scale imports of rice from these territories, which in turn 
depressed the price and further discouraged the production of rice 
in Japan. 

The success if the colonial ritie-development program was a mix­
ed blessing for Japan. It depressed the price and the income of 
farmers and corntiluted to serious social disorders in tile agricul­
tu-al sector. Tlhe so-called military reformists made this social 
uneasiness and disoi der aiming farmers tile springboard for the 
invasion of Nianch uria ill 1931 and tile other military adventures 
whk h followed. The pliC decision concerning tile rice supply after 
tile Rice Riot in 1918X had thus not only economic but vast social and 
political iiplications. 

Why did (ite economllic effects of colonial development policy fil, 
in japan, to produce the "classical" iesults associated with the impor­
tatioil of Iheal gtiin into England fron colonial areas and other 
areas of in(w%sltlenill ill thc ]!lil centnry The a lswtr seems, at 
least in pail, Io bc ass lciaied %ili the different stlUCture of agricul­
lure'and tlie difitren palteeil of Indust rial deseloplnelt in the two 
ou1lilri es heni tihe iolivics of deenence Ol() overseas solirces of 

frirId S5 l)lp! %l lt iiiiated. 
The inflhw of oheap grain to England Followiig tile repeal of' the 

(rn Liws ill 1846 was acconipanied bw filtl continuing absorption 
If"laXr into the indusfrial scto and aI transformation of the agri­

('Liltural sector away orill graill plod uction and toward a more 
intensive svstecI of licslsto k agriculture. Tlie traisfoirniation was 
facilitated I )v rising ii(olines il the idiin sial sector which stimnulated
 
tile deniaid 1t,0 the pr odhcrs if all alinimal agriiilhUire.
 

A numbei of ohstacles Inpeded the aliievnent of 
 a sinilar
 
agricultuiral Iralisfrl filainiln Japan ill rtsponse to 
 rising iinmporis 
anrd de(lining piices of' grain during lie inierwar period. Japlanese 
agricultire was rigidl loc ked it(o i a sophisticated lahbor-irltelisive 

sicSteri o'(ll) (if (c-liftrIll.i highly declideli oil irligatioi arid fer­
tiliier ias leading ariiuiit. I here wais nt a fully adequate basis. ill 
either agricIuliial ricstailh io indliuilrial infraslrucicte. to make a 
rapid tralisfu-llnatioli froll grain irodctin tio a rilorel diversified 
agricultural syvsl.lli ulithtllio-,, ic li iseili Imports of' grain was 
riot accriiiipalni, in Japan. lv rapid grrmwih in the demand for labor 
liv lie inilstial sctor. lh olenidmanil for labor in Ihe industrial 
sectI r slackenld after 1920 as a result of' (a) coitractioli of' world 
denia, al fol ilte iroducls If Japan.ese industrs after World Warl1, 
(bi) coitract ion (If doliestic delandl dle to tile deflation policy 
alopted tio pernlif a returni the gold standlald at a prewar parity. 
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and (c) tile adoption of an industrial rationalization policy in all 
attempt to stay c()l[)etitive ill world markets. This poliv placed 
major emphasis on attempts to it reaseIpidtrctivity and to save 
labor through more (apital-intensive metthods () I)io(lu(ttio. Finally, 
income levels ill the urban industrial st io)r of tilti Japanese c( olioii V 
remained to) lo" io (ieate a large imo Icsto ill tilt- ietmand fil tile 
products ofta more dixersified agriIttre. 

1". TAhl,,,,r Ilan,]. Iid the ( t,,n I?,.',, hl 

The most (i amatic cxamile of agricu ltural technoih)gv iainslt' 
during the last serral decades has ille iht reo(t't dhset'hirret 
and diffusion (f ncw high-vielding vaitcties (IIYVs) it ilt anrd 

' wheat ill tilt- tiopi(s (table 2 21 %%'(. %%ill ;ri r] l ' this s,-taled grte -li 
revolution il the" light of the" thcri and iist(oiv 4)l intelnitio nal 
technilrgo it insfer that %%e-litiax t'ewe slo ) far. 

' )rganiziltbr, /,, th, / "lp'/I'c/ hI 

Of panlloat l sigirifr(ali(t is ire +tt that thc de'tlo m t of (te 
IIYS iepieseirt, t ]1o( (" aa)t it utiral t( lnhologN lransft' lmn 

the temltperatt i)](e to iropi(al ,and sibli lopi(:1rl /ires lilloaghlit 
transfer of s itetific kniowledge- and tsear( h (apa( iti, l.org Ibefole 
the 1960S tIre IIA''s had beel deveelope d ill japaln, ic nited 
States, and other decloped <noitlites ill Ih tt'nle ate /iize. lhe 
direct transfetr of tese su pl) alitlit'S had. lot been-exer.ill­
hibited by differt.cs ill e' ologital 0 ollritioir,. Ie iillrlog(,l rials­
fer was delayed by la(k oft extperiment-statio (aipaciI, tl dt' (1'hf) 
IiYVs (omplr le 'ith tit- priototype %alieties wh Il existed Il ihe 
temperate zone. It iN par itiulailv signili(ant that this new aao. iil 
was (firerted toi in pioveirerit ill Nield of tihe staple ftood (lops ((n­
surmed domestically, rather than to lile "elu(+ avt" Iropi(al expolrt 
commodities which had reteived primalylattentionr uInohl ( 0h)nial 
administratiOn. 

"''I lIe %ld 'Ic'o(llotn) hi'. l)n g iat +il)44544, hilt ili, ((4tbl'n 4l l 'Ic .l-Ti' ltIair'OIN 

(Ii(50 IX's ('I S1Of lt " (hc )4l ' r lva1111 (' O I oil pirt' 4( ) Sl)'1v'' ic lE'S Il' ing 

us'd, Rapid 14)4 li t+. 4('%+iciIli ilolill)) ali' ill ll i ' ,Islol' lI 1t11'.it il( 1111.1i 

tIfeakthritighl. l Il4. l ( 41 4tc' h.)Ibinlging l - +it-uhing 4hlt)ilg'% Ill v4c('i'll l'i 'gilvl 

o ieit' . I hethi 1iM Illt(' igil(4 ul iIal Ir4',ilitilo l iii t) piol 4) litl'S '%hid'I, o Ol. tilt, 

%rI'alr cugillf' Was 14) till"1' hl satlr Rv'whjtion ill t'u4 1pt.' (Iuslt'l R. Iliovw,.n, sitl'il)4'ilt 
at ilbe" ,. .( Rvpl4'+','t-ririIt'.'', ( )iln 4ir' 4)l) 1-o1. Alliis. t' ltl' c 5.IUI.S'c of tot4'ig44 
19.69, lit wt Im,'gn /'d, / 110-1 "1 41,,I IW,1i'.hilohll,impimu~m ,%,irwr,eid b+'f'+++,I ta, 
19701. 1p. 84) 

2 1 JThissctE(1 draw's htic'ail, onl Vv'Elr)r4 W. Riltnin, -I ht(" IntI'r tila) Infilir4E' 

Apprnao i," ill Agetrrlu ( 'harigte Piiife is alh i) DrI'/nng C(w47)4 ), 'ii (4, Itt' rl­
venisteCitI Wartri P. liinn (N-w Yolk, It9i10, pp. 220 2H. S.. a+io Portti R. 
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TABLE 2 
ESTIMATED AREA PLANIED IN HIGH-YIn DINiG VARII iii s,(HYV)oF Rit i AN) WHt A % 1 I. Sf)t: H. AND SOUI Hi I A IA 

M(iuLA'NI) A( s) 

( ii1961,6 19.46:Ihm j*69''l 19'0' 71 jyfh 67 196761) 969MhyA IA6 ) IJYl0,' 

Iran ...................... 


Foreign Economic Development Service report- 14. U.S. Department of Agriculture in cooperation with 

... 
Iraq ...................... ... 
Turkey ..................... 

... 

... 

... 

.. 
. 

... 

. 

..... 

. . 
..... 

.. I 

... 
16 

420 

25 
103 

1.444 

222 
482 

1.343 

3 12 
309 

1.184 

Afghanistan ............ .. .. 
India .....................2.195 
Nepal .................... ... 
Pakistan IE ............. I 
Pakistan (W)............... 

... 

4.408 
... 

166 
. 10 

... 
6.625 

105 
382 
761 

... 
10.729 

123 
652 

1.239 

. 
13.593 

168 
1.137 
1.548 

5 
1.270 

16 
... 
250 

54 
7.270 

61 
... 

2.365 

302 
11.844 

133 
20 

5.900 

361 
12.133 

187 
22 

6.626 

574 
14.559 

243 
24 

7.288 

Burma ...................... 
Ce)lon ............... ... . 
Indonesia ............. .. . 
Ko re a ................... ... 

8 
... 

... 

... 

412 
17 

488 
.. .. 

356 
65 

1.854 
.. 

496 
73 

2.303 
7 

... 

... 

... 

... 

... 
... 

... 

.. . 

. . 
....... 

. . . 
. 

.. .... 

.. 
. 

. 

.. 

.. 
. 

Laos ..................... I 
M alaysia ................104 
Philippines ..............204 
Thailand ............... 
Vietnam .................... 

3 

157 
1,733 

... 

I 

5 

225 
2.500 
... 

100 

5 

238 
3.346 
... 

498 

133 

327 
3.868 

400 
1.240 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

. . I 

... 

... 

.. 

..... 

... 

.. 

.. 

.. 

Total ..................2.505 6.486 11,620 19.105 25.293 1.542 10,186 19.771 21,376 24.493 

SotR(i..- Dana G. Dalrymple. Imports and Plantings of High-yielding Varieties of Wheat and Rice in the Less Developed Nations. 
Agency for International Devel­opment (Washington, D.C.. 1972). pp. 48,49. 
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Within 0-;e tropics the diffusion of the new-cereals technology 
from Mexico (wheat) and the Philippines (rice) was characterized b 

an initial material transfer phase. The initial impact of the diffusion 
of the new varieties on grain production in Pakistan, India, Malaysia, 

Turkey, Mexico. and other countries involved the direct transfer of 

seed of the new varieties from Mexico and the Philippines; and of 

fertilizer, insecticides, and fungicides from Japan, the United States. 

and Western Europe. In other countries, such as Ihailand, the 

impact was delayed until the design and capacity transfer phases 

could be achieved, in order to maintain the quality characteristics of 

the Thai varieties which are important in the export market for Thai 

rice. In the countries that benefited initially frot material transfer, 
there has been a rapid movement to develop the local exper­

iment-station capacity that will permit then it) io(' t) It(" design 

transfer and capacity transfer stages in the developmen t of, etihog­
ically adapted varieties. There is also, in many countries, a niomve 

toward the ievelopment of a domestic fertilizer and agti(Litti ral 

chemical industr, based pI ima rily on deveJoped- oulntrv designS.30 

The adaptive research that led to Ihe development of HY's was 
primarily condu(ted at a new set of intetallonal agri(utniral Iv­
search centers. These (enters are typically sup)p(ortc'd by major U.S. 
foundations and are stafled by international teanis of scientists of 
various agricultural science disciplines and by in-service trainees, 

and coordinated by a common orienation to produme major break­

,

Jennings, "Plarnt 1vp a% a Rill' Brrent ( letiic, (nf ri- 4
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throughs in the yield potentials of certain staple cereals. Estab­
lishment of these research training centers can be considered as aln 
institutional innovation facilitating the transfer of an ecology-bound 
location-specific agricultural technology from temperate-zone devel­
oped ctntries to tropical-zone developing countries. It is useful, 
therefore, to review the evolution of thse institutions, particularly 
the International Center for Corn and Wheat Improvement (CIM-
MYT) in Mexico and the Internatiooial Rice Research Institute 
(IRRI) in the Philippines. Similar international centers have recently
been established in Colombia (CIAT) and Nigeria (1ITA). The new 
international centers are also exerting a major impact on the organ­
ization of national research systems. 

The CIMMYT and IRRI (1o not, of course, represent completely 
new concepts of research organization. Commodity-centered re­
search institutes established in the tropics under British, Dutch, and 
Belgian colonial auspices had been responsible for substaiial pro­
ductivity gains in the p~roduction of tropical export crops. The new 
international institutes represent an extension and further evolution 
of an already established institutional pattern.3 ' 

The Rockefeller Founidatiotn Agricultural Sciences program, 
which eventually led to the establishment of (:1NI MYT and IRRI, 
was initiated in 19-43 with the establishment of the Office o'f Special 
Studies (Oficina de Esluidhs Especiales) in the Mexican Ministry of 

"Agriculture. Field research programs were first initiated with 
'll(]llnll(M I" I, v c.'l'u"b~h',lc'dhl, 1, 11onh i %cI b% i li t tish ill til alI Alltica 

alnd Litetv Itilmted Info it(gionahl IIIMitkiltes. A (CoKiI Rewit h Ilnslitintw %%,i%lauii ill| 

(;haua if ) 9 t19lhfi ethd hi OilOf P.hxn Rt.'di Stationli i Nigc: .a ill 19139. 
tegininilg 1il 1957. itewi ll.llliii.i (41ihnlri KiiI IVIso).il hiis litlis V I Itr'giiln.1i/t'd jint 

the West Aii.nii (i ;oi Rvt'ot'rh Instiiti, (Sitid1. .tnru). Wt Aftitai Off P.lin 
Restith Iinsiiliiti (Nig l li. West .ji oiin Ma.ii Rest.ivihi Inititiit \igvti.o) tile 
Wtt't Ahlman Itii li i Soii .iIIand hoiinioi i Rese.ott h (\:gt.1i). is Ii\(s illie 

Mliin.111 . 
iiidiepeuidtl . t. (;hla.it 1957. t'nigtid 

Westi ' Rtstai ih Intlil v" A1v.ie i s lsiilh'd. A V%,ti ..A ii~(ir N ltiimi gainetd 
- %th g Atih 1ii p bl ii ithidh Ivd it filet 

hi',klll of.ut l Vttsi ( Sl , B:flile Ath ll lisillits." I lit iish .tl Id Vfil ilhiliessise 
hrlt-siglit Il it il iltog .iii iee.inrihogi h st.imi , ill Alt lt. a(.IilK. li, "id"Re­
gi l.1I P ogiit llUi h 141iii1 l)' I n hpi talA lha"In)litmio l lorg fl . Deuu n.',inmiill 
AIll) i p.li is'l ir ' dii f t .l c ltiilI eiuo l lt ii ii 'l*ghiii iiirnit i I R 'gient alI'ti'lin,l'nt. \Walluillotll. Vilginiia. Nmcx-w 1.1 1fi. 19691l. uiiiunvogiaphletd). Foi if 
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wheat and corn. The program later expanded to include field beans, 

potatoes, sorghum, vegetable crops, and animal sciences. A common 

pattern of staffing was followed for each commodity program. A 

U.S. specialist 	 was brought in as each commodity program was 

initiated. 	Each specialist assembled a stafr of young Mexican college 

were trained in research methods and practices asgraduates who 
part of the research program, rather than through a formal pro­

gram of graduate studies. 
program adopted by the foundationIn retrospect, the staffing 

and focused on a project leader frr each commodity did have one 

major limitation. In situations where progress depended on the 

solution to a complex set of interrelated problems in varietal im­

provement and crop-production practices, tihe commodity specialist 

was rarely able to bring to bear the range of disciplinary knowledge 
production.and technical skill needed to achieve progress in crop 

of theThis can be illustrated by comparing the relative progress 

wheat and corn programs. The wheat program achieved technical 
and on totalsuccess earlier, and its impact on yield 	 per hectare 

fOr the other commoditywheat production has been greater than 

programs. New wh¢eat varieties were being (listributed to farmers by 

the fall of 1948. By 1956 the production impact was sufficient to 

make Mexico independent of imported wheat. 

The rapid progress of the wheat program was clearly related to 

the special competence of the early leaders of the wheat program in 

the fields of plant pathology and gcticttics and to the fact that stem 

rust was a dominant factor limitiiwi wheat yields. It was also facil­

itated by effective institutional linktigc with related programs in the
 

United States and elsewhere.3 3
 

Department of Agronomy, Cornell University), Paul (. MangelsdhinI (Iltofssoit (if 

tniv sity). and E. C. Stakiman (piohts­plant geneti(s and 	.conomi( Ixtaiy, Ii arva d 
ntiEiItsoir of plant pathology arid head iftie 1)epartment of Plant Pathlohgy. of 

tea nt was as , jII4'S! 4o te ke'lleMinnesota). 'he sent to Nexim ;t r('sult of a i RotE 
trt' ing a %iSit t ,Nexim4 hyFoundation from the Mexian NMinistr. of Ag r i ull ll'v, 

lor hloithei ha kgriund see Atlhur "1. ,,he , T''.hri.Vke-President Ilenry Walla e. 
1957). pll. 1011 26; Staknan,(al (ooperation in Latin-Amentan Agrui dou e ((Chi,ago, 

Bradfield, and Mangelsdorl tn. 2 ale); )elwtlt I. Ms I. -' he Rox kcel'let l'oll­

dation Program in Corn and Wheat inNlxim," in ,ubmintur .'lgidritir and I.1%,msrur­

Drvdbq1m;nted. Clifton R. Whation,.ft. 	(Chit ag, 1969),pI
) 438- 52
 

se' ed ftom in leials ltlnihed
"The initial varieties raised wete hyblitl us 
McFadden of the USDA staf working at tIe. Iexas Agli Expellunltt44lulal Station.
 

Borlaug also tontinued t4)dtaw heavily o4lthe iat'r ials available t him hitrot Kenya. 
II. It. la, It's WhowAustralia, and the United States, wilh ti(Ulall, ([I(?(seties ItDr. 


was in charge of tie U)SDA programtin w sieqlenly.Ir.
wheat ilipti4'ticn'i. ). A, 

Vogel of tileUSDA staff at Pillmrian, Wahlitigioi., (intl ilbed'i,nihl antly by hit tish­
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Improvement in corn yields occurred much more slowly. In addi­

tion to a more complex set of biological factors, the institutional 
considerations involved in seed multiplication, distribution, and 
diffusion were more difficult. In retrospect, it appears that success 
would have been more rapid if initial efforts had beer directed to 
the development of high-yielding synthetic varieties rather than 
double-cross hybrids. 

In situations where the technical, production, and organizational
problems were relatively complex, requiring contributions from a 
broad spectrum of biological and social scientists, the staffing pattern
worked out during the early years of the Mexican program was not 
entirely consistent with rapid progress in the solution of research 
and production problems. In these more complex situations a multi­
disciplinary-team approach emerged as a more appropriate strategy
than the simple commodity-specialist approach of the early years.

A major source of strength in the success of the Rockefeller 
Foundation program in Mexico was its economical use of the scarce 
professional manpower available in Mexico both at the beginning
and throughout the program. The shortage of professional man­
pow'er and of indigenous educational resources was conducive to the 
development of an internship system which intimately linked profes­
sional education with investigation. 

By 1963 agricultural science had been successfully institu­
tionalized in Mexico. On December 30, 1960, the Office of Special
Studies was dissolved and inerged into a new National Insti­
tute of Agricultural Research (INIA) under Mexican direction. The 
Rockefeller Foundation program staff in Mexico was reorganized
into a new CIMMYT. The shift of the national program to 
Mexican management involved serious emotional strain. One of the 
more difficult problems faced by the Rockefeller Foundation staff in 
making the transition was the recognition that they would occupy a 
marginal role in a program which they had developed. In technical 
assistance programs, the disengagement phase is often more difficult 
than the institutional-building phase. 

The significance of the disengagement is that it symbolized Mexi­

ing hyhrids ihsg the short-stiawed, higl-yielding Norin selection which had been 
iifixitcld i l..a pill ill19-17 by Dr.S. C. Salmon of the USDA. This strong tictotlit' t' e .n terialsit' a"iznal Ktie U.S. aild elsewhtre was an important factor in theill 

st'ady glo,4,ll of tie wieat pioiee togethel witlli the fact that the short-st rawed. 
high-iclding. dista'cse-li,-siclii 'rtilcrc-e ,ie % varieties were particularly
well-suitcd oi the itiigated artea in North west Mexi'o" (A. |t.Nfoseman illa letter. 
.jlnuanv 3. 1969). 
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can success in agricultural science -.. a career service in which men 

could enter with confidence that their contributions would e re­

warded both in money and in professional recognition. It is also 

significant that on May 14, 1963, advanced degrees in tie agricul­

tural sciences were conferred for the first time in Mexico. Mexico's 

new capacity to produce trained manpower in tire agricultural scieln­

ces is developing in response to tile demand fot scientific manpower 

generated by the success of the initial thrust of the technical revolu­

tion in Mexican agriculture. 
The establishment of the IRRI in the Philippines in] 1962 repie­

sents a second major landmark in the evolution of the agricultural 

science program of the Rockefeller Foundation. The IRRI was 

jointly financed by the Ford and Rockefeller Foundations and estab­

lished as an international iesearch and training institute rather than 

as a component of a national ministry of agriculturc. It was staffed 

by an international team of scientists representing eight ditl'rett 

nationalities. Recognition of the complexity of the problenl of 

achieving higher-yield potentials and the multidisciplinary c tin­

petence that would be required to solve the biological proble ms 
posed thereby and to achieve rapid increases in total national and 
regional output were recognized and carefully structured into the 

?4staffing plan 3 An intensive program of seminars and ie­
search-program reviews was initiated to focus the efforts of the 
diverse multinational and multidisciplinary team on a common set of 

objectives and to achieve the complenentarity among the several 

disciplines necessary to invent, develop, arid difluse a new 
high-prod .ctivity rice technology. 

The location of the IRRI in Los Banos, adjacent to the University 
of the Philippines College of Agriculture (UPCA), made proffessional 

resources available to the IRRI that had not been available in Mexi­

co. The UPCA had already developed relatively strong departments 
in several fields of agricultural science. Joint appointtments of IRRI 
staff to the University of the Philippines graduate school strength­

etied tile graduate research capacity of the IJPCA. This arrange­

ment permitted many of the IRRI trainees to work toward M.S. 

degrees under the direction of an IRRI staff' menelr while simulta­

neously engaging in a highly complementary research internship at 

the institute. 
Within six years after the initiation of the research program at tie 

34Stakinan, Bradhe'd. and Magelsdo|f. p. 298. See alo Randolph iat Let. -"I he 

Contribution of the Iniernational Ric v Resea t h Inttitute to Asian Ag it u tal l)evel­

opmnent ." in Ciaigr in Agriulturr,ed. A. Ht.Bunting (I .,d n, 1970), pp. 207 1H. 
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IRRI, a series of new rice varieties with yield potentials roughly 
double that of the varieties that were previously available to farmers 
in most areas of Southeast Asia had been developed. By the late 
1960s progress had proceeded far enough to have a measurable 
impact on aggregate production.5 

The significance of the international institute experience, both in 
Latin America and in Asia, goes well beyond the impact of the new 
wheat, corn, and rice technology in at least two respects. The most 
important contribution was the evolution of an institutional pattern 
for the organization of scientific resources which can be replicated 
for a wide variety of crops and localities with a reasonable probabil­
ity of success. It is now possible to organize a multidisciplinar, team 
of biological, physical, and social scientists capable of adapting any 
new biological and chemical technology for crop production to local 
growing conditions and to make this technology available to farmers 
in a form that they are capable of accepting within the relatively 
short period of five to ten years. 

Accordng to Rasmussen. the systems approach, in which the 
multidisciplinary teams of scientists cooperate t solve a problem, 
characterizes modern development in agricultural technology in the 
United States and other developed countries, in contrast to the 
traditional component approach, in which individual inventors and 
scientists work sporadically according to their inspiration and in­
sight.36 The IRRI experience clearly demonstrates the possibility of 
transmitting the systems approach to the less developed countries. 

A second contribution of the new international centers was the 
evolution of a technique for establishing a set of linkages with na­
tional and local education and research centers. This technique 
includes activities such as exchanges of staff, professional confer­
ences, support of graduate and postgraduate training, personal con­
sultations, and exchange of genetic materials. An institutional in­
frastrtcture that is capable, at least in part, of offsetting the inability 
to exploit fully the economies of scale, which characterize the larger 
national research systems, is evolving. This communication function 

" deixc'hpilnt'nt,, hl~t"(iK.c'll INs,
a. " s %%idll pt-1tWI il lifOW1IMl~t.11 ~ italh ill 

.1 Itgill,ta.ggitlwIi liilllit. | a1 illctm i,itihl . IS* ,ICtt'it Stv Ranh1 ph h. kel. 
",im nit ti..it' New ligh-%ihlting V.icitce% ti Rite: IRRI Repoit." ill 

53; )anta .SEA )At;. ll. 29 .m (G.I i plh,I nd Iatttittg, 1,/Ihgh ItIdng 
IVc ts. / Whrath ftd it, tit th,I,,, A ;rhpd .Vattow. Foi ign Ecionon itID clop­
m nt Sci it"e Rrpotii1-1. t .S.h)ipartnm nti l Agiitiltijic in c'tieiration with 
Agem Im niti n.titoal I)cit ment (Washington. D)(X. 1972). pp. 48. 49. 

6Watyne 1). Ramussen.*Adtanesit in :erian Agiututrc: The hlechanical Io­
mliiI Iam-vtstc a Studs," "*hInt (:ic 9 (()ctob'r 1968): 531-43.(aa]se rcl,(tgivtt tdiuii 

http:1IMl~t.11
http:sight.36


146 1'. 14'. Ruttan and Yujiro ayami 

of the international institutes is particularly important for the exper­
iment stations located in the smaller countries where the devel­
opment of a broad-based national research system is limited. 

The international research training institute approach clearly rep­
resents an effective institutional innovation in the process of tech­

nology transfer. It has been particularly effective in situations char­
acterized by a supply of indigenots scientific manpower and exper­
iment-station capacity that is inadequate to achieve effective lealizm­

tion of the scale economics inherent in research and development 

activities and in fostering the devclopment of1 regional research and 
training infrastructne 'hich (an (ontributt" to the suppiort of 

self-sustaining progress of atgr( echtiole)]g. 1h1w I-teXt srge inuiltllraI 

this development must bxe the strengthening of national tesearch 
and proiduction edlcation system sA7 In a few (otntries this Irav 

mean the building of new nat ional research systems. In most (oun­

tries the task is nuch more complhx. Itinv',lves dhet transfornalion 

of exi:ting national reseat i s (is newsteins into I)rod(ntiv SV tll(i 
" technical knowledge 

Ferdbark .l/ , ,l "ran ,/,r radl eterivto , hn,,ld,,gi a wlAg runult I,'ad uln 

It is almost inevitable that the dramatic transfer of technology 

which generated the green revolution would result in substantial 

stress on se eral institutions in the rttlatively underdevelopcd C(ono­

tileS of the tropi s where these ( ing.cltnges atie octittr 

Immediate bottlenec ks are emerging in the capacity of the mar­

keting system to handle the shatp increase in the markelalele suir­

plus. In the spring of 1968 northern india fiuid the existing mar­

keting fa ilities inadequate for handling the increased output of 

wheat. Substantial amounts of grain wCTe stored in schools or even 

left uncovered on the ground. In the Philippines lack of artificial 

drying facilities for rice harvested during the niontsoon season has 
represented a bottleneck for expansion of double cropping of rice. 

Channels of input and credit ,tupplly represent equally urgent 

constraints. In order to exploit the production potential of ItYVs, 

3 't)Clane .. Wr, h and .I-niest W. rague., "le'thllal aid ItEoltllltee (;onilailitls 

oillGrain Prishedtinc Soull ili p 28ir l|I~asA ,a.t,"SEAI)At,, I. 13 
exa . of iltag ltetiltural t ,a ch ir lla/il III34Swe , I)r mp h the dist us tio e se ss I 'III 

Edward sfhuhl, Th ,.4'fultural De'vrlepment o I yazl (New Yol k, 1970), pIp 227 I1). 
.r spite ' agriiuitiral rersaieit hte ielenipa til jIt It it:et substantial ill-sermert Ini 

has beenl sirall. Ar utldieg t)e Shuhech, r1111t11lleeirImmltust ls iniease that Ias Iwen 
tbserved ilrBrazilian ag Ktuiltire " eli s llcIect a hallge Inplodlt,t llex.antI ItI tlire 

arnincreasw in yields or produ tivitv hi l thrmeant (rteI" (1. I8). 
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fertilizer and other technical inputs must be supplied at the right 
time and in the right places. Farmers require credit in order to meet 
the increased cash outlay for the procurement of larger amounts of 
technical inputs.. The existing credit and input market facilities have 
in some areas represented serious constraints on the progress of the 
green revolution. 

These bottlenecks impede the realization of production potential 
of new technology. At the same time, however, they can be powerful 
sources of forward and backward linkages, in Hirschman's sense, in 
transmitting the impact of the new technology in agricultural pro­
duction to other sectors of the economy. 39 The marketing bottleneck 
in the green revolution, for example, implies that the payoff to 
investment in agricultural marketing is increased by the devel­
opment of ItYVs. If investment is induced by the increase in the 
payoff, not only the marketing bottleneck will be eased but also 
additional nonfarm enployment and income will be created. 

If this n1 echanisin functions properly, the new seed- fertilizer tech­
nology can realize its production potential and at the same time 
contribute to sustained growth in the nonagricultural sector of the 
economy. A secular consequence of rapid growth in agricultural 
output, relative to demand, is a downward shift in the aggregate cost 
and supply schedules for food staples. The effect is to transfer at 
least part of the gain in agricultural productivity from farmers to 
other sectors of the economy. When the aggregate supply of com­
modities which are characterized by inelastic demand, such as staple 
cereals, shifts downward, the decline in the prices may exceed the 
increase in the output, resulting in a decline in the income of 

40
farmers. 

'echnological change may also contribute to the widening income 
disparities among farmers. The relative income position (f farmers 
who have no acciss to new technology due, for example, to the lack 
of irrigation facilities, will worsen as the aggregate supply schedule 
shifts to the right. )eclining prices and widening income disparity 
among farm produicets may contrbute to significant social tension 
and disruption in rural areas and maim' political instability at the 
national level. 4 

1 

5tlat, : 
39A 0. 11iwhtan, 7"o k /Eonm Ir 'iioa/I 'nt (Nitw IIlacn, 1958). 

has4rl'h is po wes. h1ieen dtunlentnted lot U.S. agtioulure by Willard W. Cwhrane, 
tm I'rtv.. h h , 'l lRv'ahty( M itnca plk. 1958). 

'"FI ancinet R. F ank el, I ndia's New Strategp of Agri'ulitral Development: Political 

o mC osls Agi at iin NItH iation..]str,-alvs ., itaptSt d,,s 28 (August 1969): 693- 700; 
Ct 1. Paukri, "'P'litoa ( o-owuen(es o Rural )evelopmiietnt Programs in In­
dot esia." I'aito . 1/a . I (Fall 1968): 386- 412. 
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These problems can be magnified in the international dimension. 
As traditional food-deficit countries, such as tile Philippines and 

Pakistan, shift from a grain-importing to a grain-exporting status 

and other countries, such as India and Indonesia, reduce the gap 

between production and utilization, substantial price disruption is 

likely in international markets. This would have severe reper( ussiorTs 

on the foreign exchange earnings r4 f~ol-exporting countries, su(h 

as Thailand and Burma, and may result in signifiant reductiort ill 

the trade among countries ill Asia. 42 

The problem of (.ot',clting Cullent or potential Iofd s,rllses 

into a basis lor sustained economic grtowth poses an ext remely 

difficult problem for inst (ountti s of Soutth and Southeast Asia 

during the next decade. The contintuitng de(line of expolt pp ltu­

nities and prices sharplN redltLu es ilie Ippol itutitv Ii tis st plus 

prodluction to earn the foleign exlt.ag necded to fillall(e domestic 
developmenrt. Il'llIerrnol C, the re'lativel lalge shiarle (f tlc popLu­

latior entgaged in agr ultural production and the slow (absolutie) 

groth in nonlatin emplonicet opporttunities limits the etlloit(IC 

gains thai (-an he realiled bN uising the srlses p itariiv to sip)ort 

etmploymtienit ill tile Itlhl -indusiNot s( tols, ilh'ss tille lllmisfhl of 

surpluses is also acompanied bN I c r food Ili tCs. 

Tlhus, if'. apan aid (t her de~eloped Climtrics (to, not adlpt less 

protettiolist pol ies Vwith tespe(t to their ctliesti aigtictllture. the 

economics ,t Southeast Asia ate likely to fat e diffithies during tle 

1970s similar to those faced by the Jaanes t' (lni ( tt|itg tle 

inter war period. The main difiettnce is that tile downward ptesstire 

on rice pri(es in these countries will comne floir1 increased sipplies 

gernerated front internal rather than (olo|ial sItt es. 

The Japanese experieroe during the interwat period indicates 

that for tile econornic and so-iai tld itions of Asian agri ti lti te it is 

extremely difficuIt to achie%e stI uctt ral adju stinets ( tliparalble wit h 

those associated with tie agt ic uItoral traisf (atinat ion ill 19th-(entury 

England. Unique patterns artd pro(sses of agrit Liltital read­

justments have to he discovered wtichi are feasible lot Asian condli­

tions. 
InI (ontrast to tie intetwar period, aggregate wold trlade is ex­

panding even though tiade in food grains is (onitta(tinlg. Demnand 

4 2 
"1he trade implitcatirs l tihe giv<.r 33' 113 al e" ult'II ill 64di d WI ia% II lawI' 

prewnted at the fi|molulti metting I the SEAIlA(G Rmlal I)'. hmIwl t Semmlil (ser 

Trade and 'll/' I'h3 I llh't mn ,,/ th4 .V ' .( ,al, I , lm,,g IN(,% ''Yi k. 1 701; re 

asti Rarldt1lph Bar ker, ed. I "iripiantht (3 IB ,"I'whl m333' I ,"Narila, Atliglit 9711). 
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for feed grains and luxury food items is increasing rapidly. Maize 
in Thailand and asparagus and mushrooms in Taiwan represent
examples of success in diverting r.:-surces from food grains to the 
production (f the c,,mnu,,dities fOr which world demand is under­
going more rap~id expansi,,n. It is suggestive that these successes 
were achievcd in the t aditional fbod-surplus countries in Asia. 

Another [ossiiility is that as tihte reduced real cost and prices of 
fod staples be(ic itie(ted in wage rates the s will result in down­
ward shifts in the cost schedule fOr rubber, copra, plywoXd, and 
other tirolical export (,,mtinilities. To the extent that this counter­
acts tihe otipetiticn, from s nthctics and ternpeate-zone agricultural 
produtis, thei tnadicional (xl)ort-trop sect,,i could again emerge as a 
leading set [ot iIn soiet troical eton)nties. 

Whet her these possibilities materialize depends, to a large extent, 
on tih ef.i ient all afrin ,if agicultural research. Research is essen­
tial to disccvei anid dcltve(hI,) lcv. l ofitable (rIops. The competitive
position ,if tralitii ocal exploit topsti must be maintained and tein­
foirced In) (mintin uci p iuements iii technology. It is unlikely that 
countries in South anl Southeaist Asia can attain a successful agricul­
ural itanshcrmatiin if tethlicl tiicigress brought about by the

transfe'r of s(icntili, knc ledge an(I capacity is limited to the 
f'ood-cereal setor. 

Critical to the efl(hient icalh'ation cif resources, including re­
seatch resotrces, is an effcient systetn of prices which accurately

reflect changes ii tie demand antid supplv of outputs and inputs in
 
he e(cn on1v. If the g,,cfrn meints of South and Southeast Asian
 

coulntries distert su siantial resourcces to maintain the present level of
 
food-cereal 
 prices, the result will be malallhcation of' resources not 
only by fariers but .also by agricultural scientists and agricultural
supply firms. In (otsetuentc, the coist scheduttles of' these surplus
tomniiclies will continute to shift downward relatively more rapidly; 
and the disejoililrioiI will be widened. 

The developing coitlies iannot alhird to dlilicate tie costly
experience oI the dev(lc iv d tountries during the past two decades. 
The dh.vehivecl (iuntries can11 bear tit' heavy cIirect costs and the 
waste of+resouriices rt-siltinig flini high agricultural price supports.
Iln most dclviclclp c tunilies agriculture generates less than 10 per­
cent of lie national incomitiie. lrice sutpports have been effective in 
easing the social tensions within tit' rural population. Most devel-
Oping (COtlIIrics d( ti0i have either the ahtiniiisttrative capacity or the 
resi ii tces to i)IIrsue high pricc-sU por1t pol iti's. Though painful.
tlie' will lht forcel to follciw a outle toward agricultural readjust­
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ments under efficient price signals. Price-support programs can be 
used for stabilization purposes and as a guide to efficient re.. 
source-use decisions if they are not distorted by overly ambitious 
income transfer obiectives.4 

The problem of attaining an efficient reallocation of agricultural 
resources while maintaining sufficient equity in welfare among the 
rural population and between the rural and urban sectors will re­
quire extreme skill. It may generate more social tension than the 
political structures of many developing cou i|tries may be able to 
absorb. 

I'. .Stumman-aid hpnlif atiou 

There are tlre, majol itlpli(alions of the' Iiaterial plesent((t in 
this paper on which we would like to plate )drati( tilar emphasis. 
1.The international transfel of agri( Ilttiral techitolog involves 

the domestication of exotic plants an1d ge(ltli( nlltelials to local 
ecologies andi mndii(ation in the design and use of trialhiines, Ihem­
icals, and ctiltivationi teclni(lutes to bc ( losisit'it with the( fa(l(l 
eln(lwments and reltica(lef itop - (S In ,.iplient t ourtris. l',tilire 
of a nation to inlstiltutioalie dometli( resear(h (apit(t (an eSitlt in 
serious il)pediriientS to effectivI inter national itchrnolog, t a ler. A 
major challe'ngc ot the devehoping (<ountri, is to dievelo)p the so ie'n1­
titic and institutional cal)acity to( design aild ;llapt hxation-spe ifi( 
agricultural techology to the teso|r(ve enowte:,ts and (eom Imic 
environments in whi(h the new agrkitui al te(h inao)gv is to be 
employed. 

2. Most developing countries are too small to develop a fully 
articulated viable agricultural research s stein. National agri(ulural 

"""111 i] if dr-,c loI gi('alf'I ,4Mid '(116il ,. 1 .1 q 1,11) i.( II'l\h. galhlfllhlll 

nialnv dt'vt' )ping Irlliaorls hay. flrgottien Ihal ll c% ,4l.4a dh4'1 li4IhawI( ' Ow l 

w'ell ;as t4in. ill( , Ji i(';4l g 
(Iurlri-s wid weak a(tllninisliali %ri4u i1111(-,%h41ilds [)o gu.l.ialk .114ll11)1 io4a144l.. 

all(:atirig icso r 1'%as(-ds pi441 ll .. I IllI t Ie''hlollli 

%0Cal goals. diroug14g11 isage A l'x.411ll( 
ot this o( Urtell ill India ill ilhecalv 19i0l's. Iii 41 ef'lhol 144bold 144toil (',s 1- 'Ilti 

t'quilv. or v pI( ll ,1d . .~p4.l)44(li.%\44 

U( 
 144 

Irsels for Il hallI((4154ll4Cls as 14.44(t 1.Ill vs%1 c.;I lv1'ssd bs111$1)1d1floor toggedu. pIlIfs 
miIl.' ; thl 4l .41hif-it%.aII l 'l g44.Il ­g4)S('l l(l14llm-1((jiiu~i4 i44( .rhu(l.t... t1h4' 
,


illaillek, h)45 foI l l~ lIVi -dl 1(1 I ll4 1 44 4 (I (Il Io)1l51111n('l1(Illots ])lifS l (L11 1 h10AI)4h(Illf­
fill)(-4% Wasl3r1rthait l'%t (W iI hlt41Ul It 114 UlS th jill 4Xid ni1ll ( 'ly 144dvi'" W(l GKII­

lvIr jl,d I'bwl .1! Oplapnwl Nis . 
11.'. 1/4 Irm (, iiidedi4 I'1) Yol. 19tlI p. 
287- S ). Morie l Ivo(ril| ;I nillll 'l of (h'-S '4p1lig 1ldallo1%, ih"I1l111 4li e. and Pilkisilll 

illpaitilllat, hav(' 144(1l Iil 4Iaj(' Io4 Iflalllitill all4iollull(e'4 p 4l4 Slilit41, v%vs Ill 
S) li4)ll%Il |ls.' ll lhd .i g ivi III­ge'll;4 1 14' lJ)J))lpll y h ' all' (o nilim)lol44ll4 ittIll 

sahiiyl lhll14 tal)il6,ill ImlosI (I(',,llinlg ('4oitol lit'%.t to 
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research systems of all except the very largest countries are likely to 

he most effective if they are linked into an international research 
network which provides for effective scientific communication and 
tlhe transfer of genetic materials, research methods, and scientific 
personnel. A new set of international agricultural research centers is 
n)w e(merging whic h, if dchvehped effectively, can provide the in­
stituti)nal hasis for tnuch nu)re efective international diffusion of 
agricultral e hnholog than has existed in the past. 

3. Eflective international ditllusion of agricultural technology can 
Ie expected to have substantial eedba(ck effects on trade relation­
ships and domestic prices through tile ope-ration of international 
cAImmo ditv markets. ()Onr leview of the exptritnce of a number of 
tountries O %ertile ]arst ceiItr leads tus to place greater enllphasis of 

the matiot f Ie (i. agri(tilttral sciene to crlate new and 
t;:)Ir efll t' ive pld(Im lion Altcritdties than oti attetmpts to achieve a 
high degriee f or of world cotnmodity(orgaill/atiunI nonagenent 
markets. 



EDC 	 Reprintn 

70.1 	 Lawrence B. Morse, "The 1967 Peruvian Exchange Crisis: A Note," 
The American Economic Review, Vol. 60, No. 1, March 1970, pp. 189-194. 

70-2 	 Yujiro Hayami and V.W. Ruttan, "Factor Prices and Technical Change in 
Agricultural Development: The United States and Japan, 1880-1960," 
The Journal of Political Economy, Vol.78, No. 5, September/October 
1970, pp. 1115-1141. 

70-3 	 Yujiro Hayami and V.W. Ruttan, "Korean Rice, Taiwan Rice. and Japanese 
Agricultural Stagnation: An Economic Consequence of Colonialism," The 
Quarterly Journal of Economics, Vol. 84, November 1970, pp. 563-589. 

70-4 	 Yujiro Hayami and V.W. Ruttan, "Agricultural Productivity Differences 
Among Countries," The American Economic Review, Vol. 60, No. 5, 
December 1970, pp. 895-911. 

71-1 	 Yujiro Hayami, "Elements of Induced Innovation: A Historical Per.pective 
for the Green Revolution," Explorations in Economic History, Vol. 8, No. 4, 
Summer/1971, pp. 445-472. 

71-2 	 V. Somasundara Rao, "Tariffs and Welfare of Factor Owners: A Normative 
Extension of the Stolr'er-Samuelson Theorem, "Journal of International 
Economics, Vol. 1, No. 4, November 1971, pp. 401-415. 

71-3 	 Vernon W. Ruttan, "Technology and the Environment," American Journal 
of Agricultural Economics, Vol. 53, No. 5, December 1971, pp. 707-717. 

71-4 	 Aida Recto Librero, "The International Demand for Philippine Coconut 
Products: An Aggregate Analysis," The Philippine Economic Journal, 
Vol. 10, No. 1, First Semester 1971, pp. 1-22. 

72-1 	 Yujiro Hayami, "Rice Policy in Japan's Economic Development," American 
Journal of Agricultural Economics, Vol. 54, No. 1, February 1971, pp. 19-31. 

72-2 	 Yujiro Hayami and Willis Peterson, "Social Returns to Public Information 
Services: Statistical Reporting of U.S. Farm Commodities," The American 
Economic Review, Vol. 62, No. 1, March 1972, pp. 119-130. 

72-3 	 Vernon W. Ruttan and Yujiro Hayami, "Strategies for Agricultural Develop­
ment," Food Research Institute Studies, Vol. XI, No. 2, 1972, pp. 129-148. 
(With "Comment" by George L. Beckford, pp. 149-154.) 

73-1 	 T. Paul Schultz, "44=dn1onof Birth Rate Changes Over Space and Time: A 
Study of Taiwan," The Journal of Political Economy, Vol. 81, No. 2, Part II, 
March/April 1973, pp. S238-$274. 

73-2 	 V.W. Ruttan and Yujiro Hayami, "Technology Transfer and Agricultural 
Development," Technology and Culture, Vol. 14, No. 2, Part I, April 1973, 
pp. 119-151. 




