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TECHNOLOGY TRANS FER FOR CHINESE AGRICULTURE 
-- - THEORY AND IMPLI CATIONS FOR STRATEGY* --

by 

Robert D. Stevens 
Department o f Agr icultural Econornic__:__i 

---- Michigan State University L-- 0 • -

MAR 
"The . .technol ogy backlog. .crea tes the 
poss i bility f or l ate - developing countries to 
bypass the vast investment o f time and re s ources 
that the accumulation o f this knowledge involved. 
This opens the way f or mo re rapid rates of 
economic growth. " (Johnston and Kilby, f: . 76 ) 

I . INTRODUCTION 

8 1988 

China is i n the midst o f a~ i mmense many-decad ~s - l 2~g 
transforn ation o f her traditional agri c ultura l technolngy to 
a modern r :nuch more productive scie n ce- b::ised flg!:ic112- t11:: .~1 
technology. The kinds o f investments ~ade ~ni s~ic,~~ 
policies followed in obtaining ~or e productive tec~ncl •gy 
f or Chinese agricultur e can greatly a ff ec t t h ~ rat8 o f ~ J1 is 
transfo rmation . China, as is the case in all na tion s , bas 
limi ted r e s o urc e s available for investme n t to obt a in ~o~A 
productive a g ricultural techno l ogi ~s, wh ethe r fro~ overse~s 
or through dome stic ef f ort . 

This p aper examines th e guidance prov id e d by t~~ 
ind~ced inno vation model o f agricultural devel op~ent a~~ th~ 
phases o f t e chno l o gy tr a nsfer f or strateg i es t0 i ~cr~~s·· ~h2 

proauc t ~vi ty o f Chine s e a~r :'.. c ulture. Th e paper r; .'1rri c- ~ ').J ': 

~his o bjec t ive by first ide ntifyin; the thr~e ph~~es ~ f 
technology ~~ansfer. It then e xpl ores the ~2ch~n~s~ cf 
indu c e d innovation and its i mplica t i ons for obt ain ing roor2 
p r oductive technologies f or Chine s e agri culture. Finally, 
conclusions are sumnarized f rom this econo~ic theory for 
Chines e agricultur al science and technol o gy policy. 

*Agricultural Economics Staf f Paper No. 37-E7. 
Prepared fo r the Joint Meeting o f the Ch:'..nes e As sociat i on of 
Agricultural Science s Societies, the Chines~ ris ~ocia ti on o f 
Agricultural Ec o norr.ists and the Inter~ationa l Association c f 
Agricultural Etonomists at Be ij i ng, Oct ober 25 - 2?, ~987. 



Two central hypo theses underli e this pape r. The firsr 
is that China during the next two decades has a unique 
opportunity to greatly inc r ease the produc tivit y o f her 
agriculture if effective science and te c hno logy pol i c i es a r e 
pursued. Such polici e s would allo cate cons ide r able 
res o urc es to the material and design phases of tec!1nology 
transfer. This opportunity is p r e sent because until the 
l at e 1970s high barriers discouraged th e transfer f rom 
o verseas of nany mo r e p r oductive agr icu ltural t echnologies 
into Chinese agriculture . Some of the new techno l og i 7s c an 
at le3st double crop y ie lds. 

Th e second hypothesis is t hat the positive agr i cul t ur a l 
produ ctivity impact o f the recent significant i n stitutional 
c hange to the f ami ly-based productio n r e s pon ~ i b il ity s y8 (e ·~ 
in China now needs to b e compleme nted with m~ch gre~t~r 
e ff ort to acce lerate the rate o f technol ogical change in 
agriculture. This investme nt is n e eded to sustain f u r t her 
rapid increas e s in agric u ltural product i on i n Ch i na a~d ~a 

~ee t g o vernment targe ts f o r the year 2000 (se e World oar.k , 
p. 94). Increased productivity in Chi n~se ag r icul tur2 ~ould 
a lso aid a shift o f labo r f or mo r e r a pi d e~pansion of 
industry in r u ral areas. 

A. The Transf o r mation of Traditi o nal Agriculture and the 
Rol e of Techno l o gy Trans f e r 

China is tr a nsfo r ming her·traditi o na 1 ~gricult11r- ~ o a 
mu ch more ~reductive s c i e n ce - bas e d agri cu l tur~. T:1 i s l o rg 
process req uires establishing a large n11nber o~ i~~ ~ ns- n~w 
s t r e a ms of mo r e product i ve a g ricultural techno~ ag ~e s trar 
originat~ in domestic mines and f actories a~d othe r nat ion s 
and fl ow all th e way t o mil ~ions of f ar~ing hou8 eho l ~s i~ 

a ll parts o f China. Increasing technical and ~c ono~ : c 

spe cialization is a funda mental par t o f t hi s pro c ess . T~ 

es tab lish and fe e d t h e se str e a ms o f ~ore and nor~ p~ 0dic t iv : 

agricultural inputs r~qu i res national inves t ~~ n t i r bo t h 
obtainin g th e n e w techn o l og i es fro~ abr o a d and i n c r ~a t i~g 

and pro ducing the s e techno l o g i es do~es~ i c ally . ~ 
funda~ental agricultural s c i ~nce policy qu esti o~ co~~~ rn s 
the time patt e rn o f i~vest~e~ts t o ach ieve ~ore pro~i. ct :v~ 
agricultural technologi e s throug h ( 1) transfer f ro~ ov e rs ea s 
a~d (2) domestic cre ati o n to e nable th~ g r e at est p o ssibl e 
progress in agri c ultu r e . A g eneral an s wer t o this qi:~s ~ ~ c~ 
is provided by e conomi c t heor y . InvestITent ir. th e s e ~ w0 

ac tivi ties should be allocated in s uch a way that the ~at e 

o f r e turn from investme nts to ob t ain new agricult •1 ral 
techno l o gy fr om o v e rs eas is equal t o the rat~ of return frc~ 
invest~ents t o create and produce new t ~ chno l og :.~ s 

d omesti c ally. 

• 



• 

3 

World economic histor y d emonstra tes that very large 
l eve l s of agricult ural technology transfer have occurred 
a mong all nations, l eading to large increases in 
agricultural production. The United States, early in its 
hi s tory , obtained much o f its agricultura l and other 
technol ogy fr om Europe. In the 1930s and 1950s, J apan 
o btained much new agricultural and other techn o logy fr om 
Eurcpe a n d the Unit e d States. Some new agricultural 
t echnologi es have a lre ady b een transfe rred to ChinA . I 
understand, f o r examp l e, that t he duck breed c urren t~y used 
for Peking duck offered i n restaurants in China had its 
or i g i n on Long I sland, New York. 

Two extremes of national science policy to c r eate a nd 
p r oduce new agricultural technol ogy are (1) to focus ~ost 

investments domestically or (2) to r.ake inve stme n t s 
primarily to import more productive agricultural 
technologies from o v e rseas . Each of the se extreme choices 
would slow the rat e o f growth of Chinese agricul ture . 

B. Phases o f Technology Transfer - Materia l , D ~ si gn, and 
Capacity 

The material , design, and capacity phases of technol~gy 
transfer we re outlined by Hayami and Ruttan (pp . 260 - h2) . 
They provide a useful c lassification o f technology transfer 
acti v ities that a id identifying appropriat e r.ransfer 
strategies at pa r ticular times . 

Mater ial transfer . This phase of techno l ogy transfer 
involves such agricultural inputs as s e e d s , pl ants. 
machinery, p es ticides, and fertilizers. Hew agri-:111 r:ural 
inputs usually have to demonstrat e a fa ir ly high rccurn 
above cost, perhaps 20 to 30 percent , before f a~mers ar~ 

likely to become interested in them . Fo r farrer s havd to 
bear the costs o f change and the risks a nd uncert a i,tiµ~ 

associated with incorpo rating the n ew prcduct~ o n ~a r~~ i 3 : ~ 
and practic~s into farming . B2caus e i~porrs c = r H~ 
agri cultural i:-iputs have b een r es tr ri.ined for;·er-ly , r:'.er .=- ;;:;:--: 
likely to be ma ny ~ore new high productivity agric1l · ur 1 l 
inputs ( seeds, ani:nals , chenicals, a n d i7achi :1ery) t hat: c 0 ·1:..d 
now be i mported into ~hina which would p rovi d3 high r 2turns 
to farming h o us eholds and to the na tion . 

In this phase, spec ialists in th e m8ny agricult~ral 
disciplines, through o rderly t 8 sting o f n ew and o ld 
agri c ultura l technologies, the multipli ca~i on o f s2c ds, and 
particularly, careful t e sts on farmers' fields , c~n ident ify 
the most productive agricult ural te c hnol ogi e s obt~in~<l fr r. n· 
other nations . 
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Materia l transfer activiti es will a lso prov ide greatly 
incr ea sed knowledge o f the range of a g ri cultural 
technologi e s available in the world that might be o f u se in 
Chinese agriculture. Knowledge of the s e te chnologie s lays 
the groundwork f o r more productive inve stme nts in t he de s ign 
transfer phase o f tec hnology tr a~s fe r . Scdrc e d esign 
resources c an be wasted if th ey are - ~s ed t o reinven 
agricult u ral technology al re ady available in a nothe r co un t ry 
{see also Khan } . 

Qe sign transfer. In this phase of t e chnology tra n s f er , 
designs , blueprints , formula s , a nd books used by sci~nti~ts 
and o the r t echnol ogists are tr a ns ferred to t ~2 t arg et 
agricu ltural areas . This a c tivity can i nvolve b ook 
translati ons and English language tra ining s o t hR t 
res earc her s may read scien t i fi c journa l s a nd books i n 
English and other languages. Sho r t - t e r M trR i ning abro ad up 
t o the Master's level c an acceler a t~ d e sign t r ansfer 
a c tiviti e s . 

Ma ny modificati ons o f a g ric u ltural tech nolog i ts 
o btained from abroad c an be ~ade in the pha se to i ncr7a~e 
the profitability o f the new techno l ogies . Thes e •o r e 
productive inputs will · provide ne w hig h e r - r etu rn i n vestmen t 
o pportuniti es f or farmers in the different agricultu ral 
r eg i o n s . This phase of t echnology trans:er i nclude s 
expanded local product i o n of machinery and parts and oth er 
inputs and the strengthe ning of experi ment stati o ns. W~ 

hypo thesize that an i ~mense numb er o f opportunities ro 
produc e mo re productive agr i cultural techno l ogi es through 
design t rahsf e r activities are pres e nt i n Chi na today . 

Capacity transf e r is the l onges t - t er~, most cos tly 
investment activity in t echnology tran sf e r . I n a ddi t i 1n ~o 

all th e a c tivities in the prev i o us ph ases, i t requires th 0 
production o f s i gnificant numbers o f agricult u ral ~nd sc c i Al 
science Ph.D.s, or thei r equival e nt , who c R11 provid~ 

s ci entifi ~ a~d tec hnical l e adership in each c f c h~ 

agr i cultural disci p li ne s. ~ task o f :~a ny dec ade s. 
Pr o fess ional working .environm~nt s h ave to be =re3c ~ l in -any 
part s o f Chi~a that includ e l a rge libraries, labcra t ~Yics 
computers , and othe r equipmen t co enabl e highly q ua : if i e d 
professionals to be product ive in the ir re s ~ a rch. 5Alaries 
and per quisite s sufficiently hig h to draw and retain top 
talen t fron within th e n a tio n a re need e d . Suf fi ci a ntly free 
wor k ing e~vironments ar e a lso n ecess a ry s o th e professiona l~ 

can conc e ntrat e o n scient i fic na tte rs and c or~un i c ate with 
peers around the world . When r. h is l e ve l o f t~ch~ology 
transfer has b een r e ached, China will c on t r~bute at the 
sci entific fr ontier by c r eating more p rod u ctive

1 
~gri ~ul t~ral 

technologi es that ar e unknown i n other n a t i o ns. 
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Th e question of relative allocation of resource s t o 
each of the three phases of technology transfer a t a 
particular ti~e, in a specific country or r egion , f o r 
whatever identified crop , livestock , fish , or for e stry 
enterprises , depends upon the a mount of activity whi ch has 
already been undertaken in each of these t h r e e p has e s , the 
costs of each phase, and the probabl e success in o b t aining 
new technology fr om invest~ent in each phase . The cos t s t o 
a g o vernment for materia l transfer c an o ft e n b~ low. 
Relatively few scientists and technologists trave ling in th e 
~ost appropria t e f o r e ign agricultural regi o ns ca n o ft e n 
obtain new , more productive agricultural t echno l og i e s a t 
relative l y little c o st. Joint v entures wi th agri c ultur~ l 

input suppliers fr om other nati o ns can gre a t ly f acilitate 
transfers of material technologi e s a t l i ttle c o s t t o 
government. 

In t he design transfer phase, more government r e s ources 
are required than in the ma terial transf e r phase f o r t he 
training o f agricultural scientists a nd the prov isio n o f 
libraries, laboratories, and computers. Th e i n ve s t men t 
required to achieve the capacity l eve l o f techno l ogy 
transfer in any field of agriculture wi ll r e q u ire la r ge 
inve stments and will t ake a l o ng time . We hypo t h~si z c , 
there for e , that during the next d e cade in Ch ina , tr.e h i g h 2st 
returns t o the natio n are likely to b e obt a ine d by plAc i ng 
primary e mphasis on mat e rial and d e sign trans f er a c tivi t i e s . 

Many studies have been ma de o f t h e r ~ tur , s t o 
agricu ltural research in many nat ions . llo st have 
d affionstrated very high int e rna l rate s o f re tur n, fr om 25 to 
90 , o r more, perc e nt (Hayami and Rutt a n , p p. 63 - 64 ) . I t is 
likely that China no w has many o ppo rtun i ties to o btain sue ~ 
high r e turns from r e search that ob t ains mor e p~oduc tiv e 
agricul t ural techno logie s through inter n at i onal tra ns f er and 
domestic dev e l o pment . 

II . ECONOMICS OF HTD UCED TECHNIC\L 
CEANGE AND I NVESTMENTS IN TECHNOLOGY TRANS FER 

A bri e f revi e w o f 
innovati on in technology 
agricultural regions from 
t o be nost successful. 

the e c o nomic mod e l o f i nduc Pd 
enables cl e ar e r ide ntif i c at i on o f 

which mat e rial tran sf e r is like l y 

A. Int err e lations Be twe e n the Fo ur El e men ts o f t h e I nduc 2d 
Innovatio n Model o f Agricultural De v e l o p me n t 

I n the induced innovati o n mo d e l o f agricultural 
devel o pment, four groups of fact o rs aff e c t t h e pe rformA nc~ 
of agri c ulture : (1 ) resourc e endowme nt s o f land, l abor , a nd 
capital; ( 2 } the agricultural t e chno l ogy empl o y ed; ( 3} th e 
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institutional arrangements in each society that a ffect 
agriculture, such as land tenure arrangements , marketing 
arrangements, and national agricultural price and o the r 
policies; and (4) the cultural endowmen ts o f th e s ocie ty 
that determine its tast e s , social values , and gov8rn ing 
sys tem (Figure 1 ) . Resource a v ail a bility and cu l tu r a l 
endowments canno t u s u ally b e change d very rapidly, b u t 
technology and insti t u tio ns o f t e n can. Th e ins t i t u tiona l 
change to the family-bas e d production r esponsib i l ity sy s t e~ 

in 1978 in China had a l a rge i ~p ac t o n Rg r i c u l tur al 
produ ction. This change was e xami n e d i n t h e Hay a~ i-R11t t ~n 
indu c e d deve l o pment frame wo rk by Lin . Gr e at e r c h anges in 
t e c~nology will be r equi r ed to susta in agri c ul tura l g r o w<- h 
in China. This c an be a ch ieved ~Y devo t i ng ~ore r e s cu r ces 
t o th e three phases o f t ec h no l ogy tra n s f e r t h a t c o mprise 
agr i cultural and socia l sci e n ce r es e a r ch . 

In any nation, a c e rtain a mo u nt of i n c r e as ed p roduction 
can be obtained by b e tter alloca tio n o f th ~ c11rr~n ~ 

res o urc e s us e d i n agricultur e (o f t e n achi e v e d thr o u Gh 
change s in . relative price s ), a nd thro u gh the a d d iti o n ~ E 
mo re o f the resource s currently us e d i n agr i~ u l ~u r ~ . 
However , using more o f the same r e s o urces gene r all y res u lt s 
in d e clining returns o n t h e current natio na l a gri cu l t ural 
production functi o n ( F i gur e 2 , P r o d u c t i o n F unc t i ~ n I ) . 
Significant increases in nati onal p roduc t i on a n d 
agr icultural productivity c an usually be obta i n e d o~ly 

thro u g h the use of n ew, more prod u ct ive te c h n o l og i e s i n 
agriculture , i llus trate d by Pro d u ction Func t ion I I . Wi er 
these more productive te c hno l ogi es e it her gr ~ a ~e t 

agricultural productio n is o btained with th e s ame r~ s ourc es , 

a ~ove from k to b in Figure 2 , o r f ewe r r e sour ces ace 
requ ir e d t o obtain the same level o f a gr i c ultur a l p r od uc t i on 
a s at p o int m. To achi e ve g reater productivi ty i n a n y 
agri culture r e quires the allocat ion o f r e s o ur c es to wove t o 
~ore procu~tive syst e ms o f a gri cu ltu r e . 

B . The Ve ry Diff e r e nt E c onom i ~, Te~ h~i cal, 
Envi r o nMe nt s o f n ation a l Agri c ulture s 

and Soc~a~ 

The productivit y o f i nv est~2nts t~ tra ns: 
~gricu l tur a l t e chnol ogi e s to Ch ina a r e g r ea tl y aff ec t ed by 
t~e wide differ e n ce s in eco n om i c, t e chn i c a l , and 
insti t u t i o nal condit i o ns in Chine s e agr icul tu re, 
parti cular ~ y as compared t o condit i o ns in wo r e a~velop2d 

natio ns. Th e s e diff e r e n ce s i n f l uenc e whi c h a gr i cul tural 
techno l og ies will b e most produc t ive i n Ch ina . Fo r cxa~p l e, 
in more d e ns e ly p o pula ted na t i ons , l a nd c os ~ s ar ~ ~ su a l ly 
mu c h h igh e r relative to labor c o s t s , a s cc~par ed , f J r 
inst a nc e , wi t h th e Unite d States . Three eth e r v e ry 
i mp o rtant g e n e ral d ifferenc e s i mp ing i n g on tdc hno l ogy 
t ransf e r to China ar e : ( 1) th e sma ll si z~ o f th~ f ar~ 
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household fields; (2 ) the limited number of d omest ic 
factori e s and firms which currently have the ability t o 
develop and produce new , more productive mechanic al or 
chemical technologies for agriculture; and (3) the ver y 
limited supply of individuals who have the t e c hn i c al and 
scientific knowledge to create and produ ce n ew, more 
productive agricultural t e chnologi e s. 

The differenc e s in the physi c al a nd bio l ogical 
e n vironments in the different parts of China and be t ween 
nati ons a re g e nerally well understoo d , such as th e t ropical, 
subtro pical, and temp e rate climat e s. i\ lso, the qu i t is 

differe nt p e st and we ed conditions t h at e xis t i n d i f f e rent 
areas are generally well recognized. 

The widely different insti t utions a nd soc ial a gr:2~ents 

in different nations and in diff e r e nt r e gio n s t h at af f &ct 
agricultural production place vari e d co nstr a i n t s o~ 
introductions of n ew, more productive t e chnology. Thu s , the 
fundame ntal institutional chang e t o t he fa~i ly -ba s e d · 
production responsibility system cre ated a ne w and dif fe r e n t 
incentive envi r onment for fanily membe r s to wo r k i n 
agriculture , as did the additi onal r e for~ i n 1 98 5 :ha t 
repl aced the command- oriente d gra in ma r k e ting s ys t e m wi th a 
contract system and a s h ift t o t a x e s p aid i n c a sh ra th~ r 
than kind (Niu and Calkins) . Thes e inst itu t iona l c ha ng e s 
have greatly affecte d the productivity o f diff e r ~nt 
technologi e s in Chine se a g ri c u ltur e . For example, t~e 
productivity of large a nd small agric u l t u r al ~ach inery wa s 
greatly affecte d by thes e changes. 

Re c ognition that the vastly diff e r e nt t echn i c a l , 
economic , and social environments c an gre atl y inf l ue nc e t he 
productivity of new agricultural t echno l ogi es leads ' t o 
unde rstanding the importance o f gathe ring bet t e r in: o r r.ati o n 
about ~ hese r e aliti e s in the diff e r e nt regio n s o f Ch i nPSP 
agr icu ltur e . Su c h kno wl e d ge wil l a id 8o r e ~f f ect i ve 

t echnology t r a nsf e r. Thus , f a r~ing syste~s res~ ~ rch (s e ~ 

conf erenc e p aper by Nagy a nd Sande rs), and s i~i lar derai L2d 
studi e s o f the e conomi c, t ech nologi ca~, i~s t itL ti onal , apd 
cul t ura l fa c tors wh i c h direct l y aff ect agr icu l t ura l 
producti on, will contribute t o this n eed ed knowl e dg e . 

C. The Me c h anism of Induced Te chnical Change 

The Hayami and Ruttan model o f i n du ced t echn ical c hang e 
de~onstrates how economic fact ors also d e t e r mi n e wherh~ r n~~ 
agricultural technologi e s, transferre d fr om o ther n a ti o ns , 
will b e · productive. Many n ew agri c ultura l t e c hno l o g i es 
transf e rred fr o m mor e a d v anc ed nati o n s t o l e ss de v e l o p e d 
natio ns ~ay n o t inc reas e a gr icultura l productivi t y. The 
e ssence o : the argume nt i s that in ~any de v e l o p i ng na t i o n s 
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the availability of low-cost labor and the high cost of 
capital cause many of the capital-intensive agricultural 
technologi e s of more-developed nations to be unproductive in 
less-developed natio ns ( see also Ev e nson and Binswanger). 

Thus, the varied ratios o f the costs of the r esources 
used in agricultural production i~ differen t parts o f th e 
world cause a limite d number of technologies to be th2 ~ost 
produccive in each l ocation . Diff e r ent relative price s ·i n 
the various economic e nvironMents also induce dif ferenr 
t e chno l og i es to be d evelop ed . Specifically, in the large 
nu~ber of low-income natio ns, labor-intensive techno logi es 
are usually more productive than capital - int e nsive 
technologies. Thes e realities are der.onst rated using 
p roduc t ion isoquants (Figure 3) ~ t raditional, or low 
productivity currently used technology, is s hown as isoGu~nt 
t , with an equilibrium point a o n the isocost l ine L, that 
indicat e s a certain ratio o f the cost o f labor to capital . 
Labor cost is assume d to be $0 . 33 per uni t (h o u r , day). In 
this economic e n v iro n ment, mor e produc tive technologies 1, 
m, and n would be induced t o be imported or d~vel opcd 
dome stica l l y. The figu r e shows that t hese t=chnolcgi~s 
would prov i de the same output with a lower res o urc e c o s t 
indicate d by isocost line K. These technol ogies ar~ on a 
higher production functi on (or surface) such as indi ca t e d by 
Production Function II in Figure 2 . Thus , with the sa~e 
prod uc t pri ce, thes e technologies would provide a gr e ater 
ne t return to farmers (same ou tput with lower input costs). 
The administrators, r esearc he rs , and businessmen involved in 
finding such new, more productive technologi es would obtain 
increa s e d pre stige and probably l arger budgets. He nc e, such 
individ u als have an incentive, o r a r e induced, ro s e ar c h f or 
these n ew techno l ogies. To be success f ul in t echnol ogy 
transfer , however, they will usua l ly need a certain arooun~ 
of government support, both finan cia l and in other ways. 

An empirical examp l e of r elative prices o f agr i c 11ltural 
inputs and their change ove r time has b een develop~ d f o~ th e 
United State s and Japan sinc e 1880 . Th e c o st c f la~or 
relative to capital , as repr e s e nted by agricultural 
mac hinery, ha s i ncreased about thre e times (Table 1 ) . So in 
recent years in the Uni ted St ate s, Japan , and o ther rr.o re 
d eveioped nations , technologies have been induc ed to be 
developed that enaple the subst i t ution o f relative ly l ower
cost capital for labor. Th e high cost . of labor relative to 
capital in these two nations i s indicated by :h~ much 
steeper isocost line J i n Fi gur e 3 . This isocost line was 
drawn by increasing the cos t o f labor n i ne ti~es rel~tive to 
c a p i tal. Thus , only one-ninth the a mount o f labor can b e 
obtained in the ~or e-deve loped nation illustrated h e re for a 
given amount o f capital, as compared to the l abor - c apital 
price ra tio illustr a t ed by isocost line L. 
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D. High Investment Returns Obtainabl e From Ca re f u lly 
Chosen Material Transfer of Agri c ul tural Technologi e s 

The analytic framework set f o r th in Figure 3 indica t es 
that much agricultural technology in mo r e -developed nati on s 
that has been induced to be developed i s likely to be 
capital-inten sive . Henc e, many o f today's t echnologi e s in 
more-developed nations are likely to be represented b y 
isoqu a nts w and v . The s e i s oquants are , howe v e r , abo ve 
isocost line L, which indicate s the unit cost o f cur r e ntly 
used t e c hnology in a l e ss - developed nation with l o w labo r 
cos ts. Thus, agricultural technol ogy v, that is current ly 
the ~est productive in the mor e -deve l o p e d country, wou l d 
provide a lower net return (would be mo r e costly) for 
f a rmers to use in the l es s - develope d natio n than the curren t 
technol o gy (isoquant t ) . However, the more product i ve 
agricultural technologies l, m, and n may be a vailable f rom 
o ther nations with l ow labor costs . 

A p o int o f particular inte r est r e lated to material 
transfe r arise s if t echnology u is available fr om a nore 
d eveloped n at ion. No t e that its adoption would reduce 
reso urce costs (i t is o n a l o wer isocost cur ve than L in the 
less-developed natio n ) and thus it wo uld inc r e as e i ncome i ~ 
the l ess-de ve l oped nation. This is a n example of ma te r ia l 
technology transf e r, which has bee n occurring in a fa ir : y 
widespread manne r f o r many decad es a mong many nations . 
Technol ogy u, h oweve r , is likely to have s erious drawback s 
for a developi n g nati o n . It c an greatly incr ease 
u n emplo ymen t as compared t o t echnology t , and i t i s n o t as 
productive as the more desirabl e technologies 1 , m, a nd ~. 
i f t h ey could be obtaine d. 

Pursuing the analy sis furth e r, investments in m~ ter i al 
t echnol ogy transf e r t h at attempt to reach isoquan ts 1 , ~. 

and n ( Figure 3) are like ly to have h igh r2turns in C~inR 
b ecau se the costs of finding thes e n ew t echnologi~s i n or h~r 

low- l a bor-cos t natio ns with prog ress i ve ag ricu ltures ~ay be 
quite l o w. ( =o r discussion o f thes e costs , s ee Evenso n ~nd 
Binswange r , pp. 167 - 169 . ) The highest probabil i ~y f o r 
finding such agricultural t echnologi e s is from regions in 
c o un t ries that h av e both similar phys ic a l a n d s i~i l ar 
econ omic e nvironment s, a nd that have made cons i d e r a ble 
strides in increasing a g ricultural produ ctivity . 

It should also be recognized t h a c in the case o f s ome 
techno l ogies f o r use in agriculture, the p r oductivi ty o f the 
technologies in capital - i n tensive more-develope d n~tions May 
be muc h c lose r to the origin than isocost l ine K i n F igure 
3 . Such technologi e s might provide high returns even i r. 
low-labor-cost nations. Two exampl e s oE s 11ch t echnologies 
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veterinary medicines , and 

E. Increasing Investment in Design Transfer f or Greate r 
Agricultural Productivity 

When productivity increases are not obtainabl e thro ugh 
mat erial t ransf er o f more produc tive agricultural 
techno l ogi es, increases i n the producti v ity o f agric ulture 
in each r egion will depend upon d e signiRg n e w agri c u ltural 
techno l ogies. In the design phase of techno l ogy t ra nsf e r , 
agri c ultural research institutes, e xperiment s tations , and 
fa ctori es p r oducing agricultural inputs mak e signi f icant 
modifica tions o f c urrently available agricultural 
technologies . Examples of design transfer wo rk include many 
i mproved plant variet i es, improved chemi c a l f e rtilizer and 
pesticid e placemen t, a nd timing practic e s tai l o red t o t h e 
n eeds o f different crops , and more productive hand - powered 
techno l ogies as well as motor-po wered statio nary and se lf 
propell ed equipment f o r agri cu lture . China has a l ready made 
great progress in producing much higher yi e l ding rice a nd 
wheat varieties . Much additional progress i n incre as ing th e 
productivity of agric u l ture c an be a c hi e ved through more 
design phase work. In the s ocia l sciences , agricu:tural 
e conomists in thi s phase o f technology transfer ha ve 
recently made l arge contributions to natio n a l po li c y (Ni u 
and Calkins, p. 448 ) . High national r e turns fr om invest~ent 
in these act ivities can usually be obta i ned with additiona l 
investment o f government r e s ourc e s in human capita l , 
res e ar c h institute s , and experiment statio n f acilitie s and 
equipment b e yo nd that r equir e d f or e ffective evaluation o f 
a g ri cultural t ec hnol ogie s ob t ained in the material phase o f 
techn o l ogy transf e r. 

F. Building Agricultura l Scienc e Leadership 

All large nations desire t o move as qui ck ly as possibl e 
to the capac ity pha s e o f techn o l ogy trans f er in a ll fi elds. 
But t h e costs a nd time needed to achieve this ldvel 0f 
perfo r mance in t he ~any areas of the physical, bi o l ogical , 
chemi cal , and s oc ial sci e nc e s are s ome time s not recognized . 
In this pha s e, agricultural and social s c i e nt ists t r ained at 
lea st at the Ph.D. l e vel are able to contr i bu t e at ~he 
fronti e r of wo rld sci e nc e i n agriculture . Premature 
attempt s to put large resources into l o ng , costly training 
programs and large inve stments in specialized equipmen t a nd 
facilit ies can be assoc iated with high risks l eading t o l ow 
returns from thi s investment . Considerabl e waste f ro~ 
a g ricultural r e search f o r long periods o f time due to p oo r 
management and l ow sci antist productivity can occur . 
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Thus, the relative allocation o f natio nal resources to 
the three phases of technology transfer should vary over 
time. Usually the most productive pattern will include mu ch 
greate r emphasis on mater ial transf e r in ear ly periods , 
gradually shifting to emphasis on de sign a nd then t o 
capacity transfer as the returns to r esources invested in 
material and design technology transfer activi ties decline. 

The achieveme nt o f the capacity l e v el of technology 
innovat i o n, in- c ountry, can be a cce l e r ated thro ugh 
coopera t ive arrangements with o t her countrie s , or through 
coll aborative arrangements with the in ternational 
agricultural re s e arch ins t itute s , such as the Int er~ational 
Rice Re s e arch Institute in the Philippines. Capacity-lcve: 
research e nables a na tion to gradually obtain ~ore 
producti ve technolog i es even close r to the or igin than 
technologies 1 , m, and n in Figur e 3 . 

G. Al tecna tive Natio n a l Paths of Effi cent Agricultural 
Techno logy Develo p ment 

Evidence of the ve~y di fferent paths o f technology 
d e v e l o pme nt in agriculture that have been induced to be 
f o llowed by nations wi th di ff e r ent eco n omi c condition3 was 
provided by Hayami and Ruttan whe n they examined labor ~nd 
land productivity changes betwee n 1960 and 19 80 i n different 
nations (Figure 4). Re l at i vely labor-short, lan<l-ri r h 
nations , s u ch as the United States , adopted agri c ultural 
technology that· greatly increas ed l abor productivity ~hil~ 
only slightly increasing land productivity. In contrast, 
land-short agriculture s, such as the region of Taiwan and 
Egypt , have us e d t echnolog i es that increased l~nd 

produc tivity without increasing labo r productivity very 
much. Fo r exa~ple, in 1960 , the United States is esti~ated 
to hav e produced about 90 whe at units per· ~al e wor ker i n 
agriculture (a wheat unit is the equ iva lent o f one t on 0f 
wheat} . At this ti ~e, the United Stat e s achi~v~d a la~d 
p roductivity o f only about 1 wheat unit per hectar~ . In 
con trast, at the same time, Japan is esti ·riat1-•d ': n hav:: 
produced an annual agricultura_ ou tput of 10 wheat units ~c ~ 

male worker and 9 wh e at units per hec~are o f land. Thus , in 
1960, labo r productivity in agriculture in th e United States 
wa s mo re than 10 time s as gre at as in J apan, whil e· i n Japan 
land producti v ity was almost 9 times as gr ~at as in th e 
Unite d States . By 1 98 0, the Unit ed States had incre ased its 
labor product i v ity to 285 whe at units per ma le worker i~ 
agriculture , whil e land productivity had only inc r e ased a 
little o ve r the p e ri o d to 1 . 2 wheat units per hectare . 
During the same period , Japan increased its labo r 
product i v ity to a bout 28 whea t units and its land 
product i vity increased to 12 wheat units per hect~re . 



12 

Changes in land and labor productivities of ot~er 
selected nations are also s een in Figure 4 . The 
intermediate positions in the figure are r epr e s ented by a 
wide range o f nations, including most European coun tri es 
which have employed agricultural techno l ogies that have 
increased both land and labor productivity considerably . I ~ 
the coming decade s , we can e xpect China t o achi eve large 
increases in agric u l tural productivity, along t echno l ogy 
paths induced by t h e re lative cost o f capita l to labor in 
its economy . This will occur as t echno l ogy tr a nsf er mo ves 
through the ~ateri a l, design, and capacity phas e s in e a ch 
region of the nation. Note, finally, that Figure 4 s ugge s ts 
more - d eveloped nations which have f o llowe d in ternediate 
path s in technol ogy change are l ikely to have agricultural 
techno l og ies that would be more profi t a ble i n labor surplus , 
land-short developing nations than, f or exampl e , U . S. 
agricultural technologies . 

III. IMPLICATIONS FOR 
TECHNOLOGY POLICY 

CHINESE AGRICULTURAL SCIENCE AND 

A. Continued Strong Growth in Agr i culture Re qui res Large 
I nvestment s in Techno l ogy Transfer 

To assure continued str ong growth in agr icul~ure 
requ ires continuing shif ts to mor e productive technology in 
each agricultural region. The ne w, more p r oductive 
techno logi e s f or agriculture are obta i ned through continu i ng 
l ong- te r m investment in the material , d esign , and capa c ity 
phases o f technology transfer and d evelopment . Prov i d ing 
far~ing households wi th better technologies wil l conp l e~ent 
and assur e continued strong ·growth in Chine se agricu:turc 
tha t was begun by the significan t shift to th ~ family-bas ed 
production r e sponsibility system. Ove r time augm~nting the 
productiv ity o f agri cultural t e chnology o n Chinese fa t"·· ~ 
will become increas ing ly c riti cal f or nat ional econo~i r 
progress . 

B. The I mportance o f Eff ec t i v e Sequencing o f Invcst~encs ~~ 

the Phases o f Techno l ogy Trans f e r 

Material Transf e r. As i mport and comn.unication b arrier s 
have until re latively recently been high in Ch ina , large 
amounts of ma terial transfer o f agri c ul t ural techno l ogie s 
are like ly to provide high returns fr om invest~ent c f 
society's r esourc e s. 

During this phase , it is essential to develop t~ e 

capac i ty to t e st a wide range o f agricultural technologies 
on e xperireent s tat i ons and on far rre rs' fi e lds thrcugh 
farmi ng systems , or sirei l a r k ind s of resear ch . E ff e~tive 
work 3t a l l thr ee l eve ls of technology transfer requires 

.... 
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detail e d knowledge of r e presentative f a rming syst e ms in th e 
many regio ns of the nation. Such informa tio n is gathered 
t h r o ugh s u rveys and comparative on-f arm tes ting. Re sear c h 
objectives on the f ie lds of farming h o us e h o lds include at 
least: (1 ) measurement of the technical and economi c 
characteristics of the agricultural t echnologi es i n current 
use; ( 2) iden ti f ica ti o n o f the most pressing technolOCJ.! 
needs; (3) e stimation o f the costs and supply elasticities 
of r e s o urc e s ( i nputs ) us ed by far mers, including c o sts o f 
using capital and labor, part i cularly at peak l abor de~and 
periods ; and ( 4) i denti ficati on o f signifi c ant price 
distorti on s , s o that useful informati o n may be provide d to 
o ffi cials who c an influe nce price pol icies . 

Comparat i ve t e sts o f t h e p e rf o r ma nce of agricu _ tural 
techn o l o gy transferred fr om the agricul tures of oth2r 
nations are also essential f o r decisions about what d esign 
transfer activities t o undertake . Although tests o n 
experiment statio ns a re us e fu l f o r some purposes, th e 
performance and cost e stimates obtain ed us ing dif f~ren ~ 
technologies und er u s u al farm hous e h o ld opera ting conditions 
a r e a core requ ireme nt f o r eff e c tive agr icultural technolo~y 
t ransfe r {Figure 5). Any n e w agricultural t echnol o gy will 
need t o pro vide a h igher n e t re turn than curr e nt technol og y , 
perhaps a 15 to 25 p e r cent increase in return to the E ar~ 

h ousehold, t o c omp e nsat e f o r t h e costs o f l earning about ~nd 
undertak i ng the change t o the new t echnology. Technolog i es 
whic h are l e ss c o stly f o r a far~er to adopt wi l l r equ ire a 
small e r incre ase in r e turns to induc e us e . I mportan t po l icy 
information tha t can b e o bta ined fr om c omparative t2sts on 
far rr.s include estimates o f the shifts in the arooun t s o f 
r e sources requir e d by the n ew, as compa r e d t o curr e ntly 
used, agri c ultural techno l ogy. In this way , knowledge can 
be obta ined of changes in cap i tal requirement s and labor 
use, and how labo r u s e patterns may shift in r e lati o n t o 
current p eak labo r demand periods with the adoption o f new 
technologies . 

Design Transf er . Ef f ec t i ve design trar.s far 11su't: ly 
req~ires coopera ti ve agreements and wor king arrar.gem~n~s 
b etween nationa l and r egional res e ar ch units and experi~ent 
stations. Although o n e gove rnment unit may now have a so l e, 
or mo nopoly , respo nsibility in providi~g new a g ricultu r al 
t e chnologi e s to an agricultural ar e a , in th e fut ure . some 
for~s of compe t itio n b e twe e n d i ff e r e nt units that seek t o 
prov ide t he mos t pro d uct ive n ew t e chnologi e s to far mers are 
li ke l y t o acce l e rate the perfo r man ce o f these units and 
henc e benefi t b o th fa rm famili e s and th e natio n. Fo r 
example, a nu~ber o f ope r a ting units, wh ether governreent or 
individual, cou ld b e give n the r esponsibility of supplying 
new, mo r e productive inputs, such as n e w se e d vari2ties, new 
type s o f f e rtiliz e r , and be t ter pestic i d es in a given 
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agricul t ural are a. The more aggre ss i v e , s uc c essf ul u ni t 
would, in the n e xt cyc le , be given the o pportuni t y to 
produce a nd distribut e more of the n e w input s . 

Capac ity Tra nsf e r. The cap ac i t y t r ans f er level i s a 
long-term high pay-o ff objec ti ve i n techn o l ogy t r ansfer . To 
be cost- e f fective , th is o b jec t i ve has to be c arried out in 
rela t i o n bo th to t h e evo lving i n te rna t ional n etwork of 
agricu ltura l insti t uti ons that d o capacity- lev.el research 
and inte rnational agr icu l t u ral fir ms that are creating th2 
mos t produc tive n e w ag r i cultura l techno l og i e s . ( A li s t of 
the inte r national ins t i tute s wa s p r ovided by Eayarni and 
Rut t a n , pp . 26 8-9. ) Bec a use o f econ omic s o f s ca l e i n ~uch 
c a p acity- l eve l r e s earch a nd te chno l ogy developITe nt, lnrge 
r esea r ch i nvestme nts f o r uni~portant c r ops and lives tock 
will g e n e r al ly be a p oor us e o f scarce research r e s ources. 
New techno l ogies f o r many o f the s e e n te rpri s es can someti mes 
b e obtained fr om o v e rs ea s . 

Thu s , planning a nd inve s t ing i n the f urther expansion 
o f c a pac ity-leve l agri c ult u r a l r e s earch needs to be 
c o nside r ed c ar e full y . As the l ong -run pAy-off o f this 
research c a n b e high, s ome investment sho uld b e commenced as 
s oon a s po ssible . Use f u l f oc u s f or capacity-level 
activ iti e s in the early p e ri od is t wo-f o l d : (1) training 
Ph.D.s, o r t h e ir e qui valen ts, and (2 ) bu i ld i ng physical and 
administrative r e s e arc h e n v i ronments wh ere scien t ifi c 
f r onti e rs could b e r eache d . Such a n envi r onmen t i nc l udes 
lib rari e s and labo ra tori e s , but more i ~portant, the s upport 
o f sub s t an t i a l n umb e rs o f trained sc i ent is t s at att ra c tive 
salar i e s. It also require s t h e deve l opment o f an 
admi ni s t r a tive structure able to provid e e ff ective direc tion 
and incen tive s f o r u sefu l r e s ea r ch t h a t wi ll have ~n i mpact 
o n agr i cul tur e . The incor pora t ion o f graduat e t rrtini ng at 
the advan ced leve l usua lly aid s the develop~8nt o f fr ontier 
b r e akthroughs in agri cultura l science and t echnol ogy. 
Government po lici e s a nd fina nc i al support f or success a th~ 

capacity level o f tec hnology transfer need to b~ l~rqe 
long- run, and s tab l e in the many te chnic~l and s cc i~l 
sci e nce field s of agr i cultur e. 

C . Genera l Polici e s t o Supp o r t Accele r at e d Techno l ogical 
Progr e ss in Chin e s e Agri c ul ture 

Effect i ve sci e n ce pol i c y f or techno logy tran sf e r a lso 
require s addr e ssing wi de r i ssue s wh ich d i rectly aff e c t the 
i n corpo r a tio n o f mor e p r o d uct i ve t echno l ogi e s in 
agri cu lture . Three o f t h e more i mportant wider issues 
r e la te to ( 1 ) l i c ens i ng and p a t e n t s , (2) institutio nal 
fl exibil i ty, a nd (3) the need f or knowledge o f potential 
i rr.pac ts o f ne w tec hnolog i e s o n a g ricultural areas . 
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Different laws about licensing and patents will aff e ct 
the rates of transfer, development , and adoption of new 
agricultural technologies. If individuals or pr ivate and 
government organizations have the right to copy a nd produce 
any technologies they obta in , there will be l e ss incentive 
for individuals and units o f governme nt to s eek and 
distribute more productive technologies t o far mi ng 
households . For the investment costs spent by the 
individuals, or government units , in o btaini ng the new 
technologie s would not b e able to b e repl aced t hrough large 
enough sales o f the new technology. To pay for the 
inves tment costs , some form o f lic e ns ing and patents t~at 
give the holder rights for a certain period o f time to 
produce, li cense, and s e ll the more producti ve technology 
will g e nerally l e ad t o greater effort to obtain and produce 
greater numbers of new, more produc t ive technologi e s f or 
Chinese agr iculture . In joint v e ntures with internationa l 
agricultural firms, appropri ate licensing can e ncour age the 
international firms to bear most o f the costs o f techno l ogy 
transf e r, development, and distribution . Thi s r educes the 
investment costs of government. Thus , workable licensing 
and patent arrangements in mo s t nations mak e ve ry 
significant contributions to increasing the productivity o f 
agriculture . 

The successful . introduction o f new a gricultural 
t e chno logi e s will oft e n induc e institutional changes to 
enabl e additional increases in agricultural productivity . 
In the Hayami-Ruttan induced d e velopment model, the 
inter r elations between te c hno l og ica l c hange and 
institutional change (Fi gure 1) show that if i nstitutions 
are not able t o c hange , they will slow agri cultura! 
development . For example, there are many questio n s about 
the most productive instituti onal arrangeme nts for the 
supply o f new, more productive inputs f o r far me r s . How can 
? esti c ide s , animal breeding services, ~achine repair 
s e rvi ces, and the wide range o f product ma rk eting scrvi c2s 
be best supplied to far~ing housaholds? Flexibl ~ 

inst i tutional r es po ns e s to these new nee ds wi l l enab l e t~E 
new techno l ogies to be adopted and more productive ~ ~d s o 
acc elerate d eve lopment . 

Because more productive a g r icul tural technologies 
some time s can have large negative i mpacts o n farming 
h ouseholds in diff e r e n t agricultural areas , it is important 
for gove rnme nt to be able to f o r e s ee t h em . To do s o 
requir e s the training o f more agr i cultur a l economists and 
other scie ntists who can do this research. In t hi s W3y, 
government can b e ready to take any actions needed to 
ameliorate p roblems as t h ey ar i s e . Su c h actions were 
considered by Schultz. Th e y inc lude o ff e rs of a l ternat i ve 
employ~ent opportunities to farm h ouseholds di sp l aced by 
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technological progress, providing 
resources to these households for 
technical training, or education, 
other economic sectors in rural areas 
product ive emplo.yment. 

additi onal 
different 

or aid t o 
that wo uld 

government 
kinds of 

transf e r to 
o ff e r :nor e 

D. The Critical Role in Science and Te chno logy Pol i cy o f 
High Perfo r mance Input Supply, Repair Services, and 
Technical Advice 

The rate o f adoptio n of modern , more productive 
agricultura l technologi e s by Chines e farming hous eho l ds wi l l 
depend upo n science and techno logy policies that af f ect th2 
supply o f the s e techno l ogies, assoc ia ted need ed te c hnical 
advice, repair services, and c r edi t f o r the i r purchase . 
Agricultural input supply systems fo r modern technologiEs 
are rudimentary in many deve l o ping nations . How can the 
increasing variety o f more productive specialized farm 
inputs be provided at l e ast cost t o farming h o us eholds? As 
deve l opment proceeds , incre as e d speciali z at i on in production 
and marketing very o ften occurs , l e ading to the 
e stablishnent o f many diff e r e nt inpu t supply channel s to 
farmers f or the varied technologies. To what extent should 
governmen t units attempt to supply most o f the new inputs 
directly to the f arm h o usehold? What role for ind i vidual 
salesmen at what levels, t h e village only , o r in a regi on ? 

Many nations have f ound i t very d i ffi cu l t Eor 
governme nt units to supply far m househo lds wi th inputs . For 
example, after the government o f Pa kistan decid~d to sto p 
attempting to supply f e rtiliz e r to far mers directl y , i t 
contracted with wholesale merchants at t he district level 
who worked with l ocal r e tail shops to supply farmer s . . Huch 
incre ased us e of f er tiliz e r f ol l owed d u e t o the s e mor 8 
effective input supply arrangements. (Fo r additi o nal 
material o n the Pakistan exper i e nc es, s ee Eckert ~ nd 
Stevens , Alavi and Be rtocci.) Ano ther illustration o E th~ 
i n portance of i nput supply is pr ov ided by , achinerv 
servic e s. Many c ountries, both soc i a lis~ and f ree -~ark e , 
have f ound tha t large g overnment ~ach i nery scat i ons dre le ss 
ef f ective i n providing machine services than s~aller u n i ts 
c ontro ll ed by indiv iduals o r s rra ll groups , e specially in 
providing machine r epair service s. Thu s , e a ch nati on at 
e ach stage in development needs scien c e and technology 
polici e s that will facilit a t e productio n a nd dist ribution o f 
the new techno logies d e velope d by s c i e nce , t o as s ure that 
they reach farmers. When, f o r e xample , a gricu: tural ~acl1i~e 
r epair service s are not avail ab le in a timely fashion, low 
utilizati on levels of e quipme nt increase unit c os ts so they 
become g reater than t h e l e ss productive t echnologies they 
we r e supp o s e d t o replace . Then a new, potent ial ly more 
produ c tive techno l ogy such as m i n F igur e 3 wou l d , due to 
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poor repair arrangements, become a high-cost techno l ogy suc h 
as z. Under these circumstances, far mers get discour aged 
and return to using the older technologi e s with l ess 
productive potential. They also become more c onservative 
about accepting any new technologies proposed to them . 

The supply of c r edit to aid the purchase of new, mor e 
productive technologies rais e s similar questions. A va riety 
of agricultural credit channels is lik e ly t o increase t h e 
use o f new technologi e s in agriculture. For exa~ple, in 
purchasing agricultural machines, units s elling the machines 
in ~any nations are abl e t o of f e r l oans to the purchaser . 
This credit arrangement ha s t wo advantage s. The ~ach ine 
supplier has an incentive to provide s uf fi c i e nt instructior. 
to the far~er so he can operate it e ff ect i vely. For if the 
operator d oes not us e it prope rly, he may not increase his 
income and hence would be l ess like ly to b e able t o r epa y 
the machine suppli e r for the loan. Se c ondly, the sarr.e 
ince n t ive is present for the machine suppli~r t o have 
availabl e a sufficient numbe r of repair parts and to as sur2 
that r epair servic e s are available. 

He n ce, to insu r e that the new, ~ore productive 
agricultural technologies transferr e d f rom oth er nations, 1)r 

produced domestically, become incorporated into national 
agricultural production , science and techno logy policy needs 
to be conc e rne d with the pe rfo r mance of the ne w i nput supp:y 
system . Some new agricul t ural techn o l ogies, such as 
arti~ici al insemination, will r equire h ighly speci~liz~d 
d elivery systems. Thus, new technologies ~ill often induc~ 
th e d eve lopment of new i nstitutio nal arrange~cnts f ~r their 
supply to farmers. Flexibility o n the par t o f government i n 
the face o f these new institutional needs will aid mor e 
rapid growth in agriculture . 

NOTES 

1. Th e literature on augmenting agricultural research 
at the design and capac i t y transfer stages inc:udes 
additiona l disc u ssion of skill l evels at different phases in 
the transfer of techno logy by Ev enson. See also Bo y ce and 
Evenson , pp . 78 - 100 . 
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TABLE 1 

Change in the Cost of Labor Relative to Capi tal 

as Represented by Agricultural Machinery i n 

J apan a nd the United States , 1880 t o 1960 

Labor Machine Rat io o f Labo r 
Co s t Cost Cos t t o 

(Farm Ma c hi n a 
Wage) Co s t 

Rati o I ndex 

Yen Per 
Japan Day Yen (10 00 ) 

1880 .22 66 3 . 3 1 00 

1920 1. 39 160 8. 7 263 

1960 44 0 . 00 37000 11. 9 361 

Unit e d $ Pe r $ 
State s Day 

1 880 .90 14 6 6.2 1 0 0 

( 19 2 5 ) 9.. I 2 . 35 1 52 15 . 5 25 0 

1960 6 .6 0 356 18 . 5 29 8 

9..I The y ear 1925 is more r e pre s e ntative of l ong-run c h ange s in 
prices than the year 1920 for the Unit e d Sta te s . 

So urc e : Adapted f rom Yujiro Ha y ani a nd Verno n W. Rutta n, 
Agricultural De velo pme nt: An Inte rnat iona l 
Perspective (Ba ltimor e : The J o hns Ho p k ins 
Uni versity Pr e ss , 1971 ), Tabl e C- 2 , p . 338 . 
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Figure 3. I dentifying More Pr oductive Agricultural Technologies With 
Two Different Rati os of the Cost of Capit al to Labor. 
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Figure 4. Path• or Labor and Land 'Productivity lncreuea in Agriculture 
!or Selected Nations, 1960 t o 1980. 

Source: Data !roa Hayami and Ruttan, Table 5.1. 
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Source: Adopted from Collinaon, 1982, p. 5. 
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