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Chapter I

mtroductkm: The jhduced lhnovation Model

Awlied to Sub-Saharan Africa

'Ille rapid growth rate in yields and production of rice in SoUtheast Asia, and

rice and wheat in Central Asia followed a period of intensive public set,'i:or

research on high-yielding fertilizer responsive varieties at IRRl */ and ClM MYT

**/- and, to a lesser extent, at several national research centers within the

respective countries of that area. This public investment was initiated and

sustained because of a relatively unique set of condi.t:ions, which Y. Hayami and

V. Ruttan have modeled in their theory of induced technal.ogi.cal and institutional

deveolopm ent.

However, the success of the "Green Revolution", as the seed-fertilizer

approach to technology generation has become known, has been limited to these

aforementioned parts of Asia and has not been witnessed in rainfed sectors of
I

Latin America, or among the producers of secondary crops in Asia, nor anyWhere

in Africa. Does this mean that the model which emerged is not applicable, or

does it simply mean that given different values for each of its para meters, the

model leads to an alternative solution? ]f one returns to the introdUctory notes

of the several Hayami/Ruttan articles, 1/ they state "there are mult:iple paths

towards change in agricu.l.tural .

*/ The International Rice Research Institute in Los Banos, Philippines.

**/ The I.'1ternational. Center for Wheat and Com Improvement in Mexico City.

11 Yl'jiro Hayami and Vernon Ruttan, 1984, "The Green Revolution: Inducement

and Distribution", in The Pakistan Development Review, Vol. 23, No. L p. 37.
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technology· generation and adoption, and that each society or re~n must

ccocse that path most appropriate to their own resource and cultural

endowments, and their own particular societal dynamics, such

as income levels, incame distribution patterns, and rates of population growth.

How does one interpret this mod~ then, in Iliew of the exist:i.ng set of natural

and human resource ~ndowments and the current status of agriculture in Africa?

Let us first briefly review the lhduced mnovation Model.

The Hayami/Ruttan Model

The modelshows, with empirical evidence drawn from the U.S., Japan,

Europe, India and Southeast Asia)! that changes which lower prices for factor

endow ments and increase prodUct demand induce investments in research to

develop higher yielding technologies. The research strategy which emerges is

one which capitalizes on the use of a cheap input which can be substituted for

that input facing inelastic supply, or, in other words, suJ::S::iJ:uting an alternative
I

cheap input when de mand for a speci.fi..c input with limited supply drives its price

up to unacceptable levels.

The degree of effort directed towards capitalizing on these conditions is

determin~dby the rate and magnitude of decUne of the ratio of prices of the

new relatively cheap input and the rate and magnitude of increase in the price of

the final product in urban markets. As this ratio declines research is initiated to.
take advantage of the economic

1/ Vernon Ruttan, 1985, Technical and Institutional Change in Agricultural

Development: Two lectures, Bulletin No. 85-1, Economic Development Center,

Minneapolis, University of Minnesota.
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ben~which can be d')rived from -a technology c01lpatible with market prices

that retiect product demand and factor endow ments of the economy".y'

The direction of technal.ogical change which emerges depends on the nature

of the underlying factor endow ments. In the U.S. durIDg the late 19th century

and early 20th Century, research was devoted to developing innovations in

mechanization for maize, wheat, and cotton, to replace labor use at a time when

land was relatively extensive in supply. The mechanization technologi.es which

emerged werelabor~vingand capital-mtensive. 'Ihis bias arose when labor was

in great demand for industrialization and was becoming extremely scarce for

agrlculturalpursuits, given the bidding up of wage rates in urban areas.

In Japan in the early 1900's, rice varieties extremely sensitive to fertilizer

were being developed because the supply of land was becoming limited; labor was

relatively abundant, and fertilizer costs were low due to advances in fertilizer

~cessi.ngtechniques. 'Ibis led to the emergence of a1abor~g,capital~ving,
technology,:J.tst the opposite of the case of the United States. Neverthelee3, in

the 1931ls and 194Qc, the U.S. also embarked on a research strategy to develop

high-yielding fert:ilizer""'f:esponsive corn varieties to overco me land limitations

which arose during that period, even though techno1ogi.es were already biased

towards cropping patterns using mechanized tillage practices.

2/ Yujiro Hayami and Vernon Ruttan,..QE:. Cit., p.-44
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Although the relative price and availahiUty of the input determines the type

.
of bias in the direction of technology generation, this is only half of the

explanation supporting these induced effects. Product de mand must push the

pdce of the com mod:lty up sLqn:i£l.cantly relative to input prices. This occurred in

both the U.S. and Japan during their respective periods of technology

development referred to above. Urbanization grew rapidly and the percentage of

the population re maining in aqJ:i.culture declined drastically as the econo mic

transformation took place. The demand for food rose dramatically, and

increases in production were required to fuel this growth. 1/.

The results of these two phenomena occurring simuli:aneously give tise to

the process of induced technological change. Publicly funded research on ne w

technologies is can:ied out according to the degree of compatibility which exists

with market prices. In the U.s. a labor-sav:ing, capital-intenaive te,"hnology first

arose to increase production of wheat and maize, followed in Japan by the

d~velopmentof a land~aving, labor-using technology for rice. This latter

approach later took place for maize in the U.s•• This pattern of land-sav:ing

technology development was subsequently extended to India and Southeast Asia,

as will be descJ:i.bed in a later section, but neither of these two approaches to

techno1.cqy development took hold in A:fIica. Why not? What has been tried and

what has gone a wry in Africa?

1/ Explanation of the dyna mics of the econo mic transform ation can be found in

John Mellor,1966, The Economics of AqJ:i.cultural Development, :D:haca, New

York: Cornell University Press.
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Agricultural Failure in Africa

In contrast to the heralded and noteworthy success of the • Green

Revolution· in Asia, agricultural performance in Africa in the last few decades

has been a relative failure. Production and productivity of export crops since

independence has declined due to a degeneration of genetic mate~ a decrease

in basic research devoted to these crops, increased frequency of droughts, .

inappropiate pricing and taxation policies, and institutional mismanagement. A

case can be made for each and not one alone is the sale reason for agriculture's

general decline and demise.

Nevertheless, the question arises as to what happened to the resources

originally supportii1g these pursuits when those resources were withdrawn; and,

to 'Ilhat activities have they been reallocated. Appa=ently, they were not

assi.gned to the creation of a support structure for research and develop ment of

sta~e food cro};S nor for non-traditional export cro};S. In fact, it appears that
I

these resources evaporated in the non-agricultural sector and were soon lost

completely on account of the reduction in earnings.1/

While this decline evolved, some interest in food crop development

remained, either lingering remnants of calonial activities or initiatives fueled by

international donor projects coupled with the eXPanded mandates of the

lhternational Agricultural Research Centers (IAR Cs) 2/•.

1/ Carl Eicher, 1985, • Agricultural Research for African Development:

Problems and Priorities for 1985-2000·, paper presented for World Bank

Conference, BellagW.

2/ lbid. p. 17.
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On the other hand.. most export com modity research, the mainstay of the.
colonial agriculb.1ralsysl:ems, was carried out by specialized institutionS, often

supported by the private sector. Several of these institutions continued after

independence but slowly lost support as the new govemments concentrated their

efforts on industrial; zation and the care and feeding of their urban support base.

N.egative pricing policies for producers of food cro~ and heavy taxation on

exports served to reduce to insLgni.fi.cant levels whatever production incentives

remained after the transition period. Even the well-documented and hiqhly

successful Kenya Tea Development Authority has experienced severe financial

stress in recent years such that its future is questionable.lI

In the case of the IAR Cs there was an attempt to transfer technologies

(seeds) fro m other regions of the world. Because ClM MYT (Mexican) wheat seed

worked well in India, it was felt that sorghums from India could rapidly adapt to

west Africa and si.gnificantly increase yields there. '!his decisi..or.. was made for
I

several reasons. First, the French had invested heavily in sorghum research

since the thirti.es with Jitttle success.Y Second, wheat and rice were

transferable in Asia, so there was no reason to doubt that sorghum could be

transferred to Africa. nrird, the scientific com munity directing the

Consultative Group on International Agricultural Research (C GIAR) and the

IAR Cs, felt that dramatic breakthroughs with yield increases of over 100 % would.
be required to achieve success

1/ Personal conversation with Dr. Carles Zulberti.., Harvard Insti.i:ute for

mtematlonal Development, Ministry of Agriculture, Nairobi., Kenya, August 1984.

2/ Carl Eicher, Ope cit:. p.
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and overcome the sociD-economic constraints to adoption. However, atter more.
than a decade few if any of the imported cultivars have been able to out perform

local varieties and reach acceptable productivity levels compared with their

homelands in lhdia. '!here is so me indication that success may be on the horizon

though, since a new hybrid has emerged in Sudan 'i'lhich is 52% higher in average

yield compared with local varieties. With regard to maize, Kenya and Zimbabwe

have internally developed hybrid maize seeds which perform well under varying

condi.tions and have, as a result, generated widespread adoption, but farm er

yields have failed to approximate the higher yield levels attained at the research

stations.

Perhap3 the one key point which is often overlooked when comparing

technology generation strategies among regi.onsis the relative fragility and

heterogeneity of the African environment compared with the homogeneity of the

Asian regi.on where the "Green Revolution" took place during the last two
I

decades. In Asia, rice and wheat grow under irrigation, where moisture regimes

are regulated, and sail fert:ili.ty is controlled with heavy fertilization. Access to

herbicides, pesticides, seeds, and mechanization is relatively unlimited. stable,

high, market de mand allows for input purchases and crop mortgaging. lh

contrast, the amount of irrigation in sub-Saharan Africa is negligible. Rainfall

levels and frequencies are low. Rainfallin rice regimes are generally over 1000.
mm per season; for sorghum and millets in Africa they can dip below 300 mm.

The frequencies of droughts and the variabiJity of rainfall patterns, both

seasonally and
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year to year are increasing and becoming more unpredi.ctable as desertification

advances. Soil fert:iJity is low with old depleted soils rather than the yoimg, rich

sails of Asia. Pest and disease incidence runs much higher in Africa than it does

in Asia. 'lbisincreased fragility must be incl.udedin the model in terms of the

base levels of factor endowments or as a conditioning variable.

Tn spi.te of the fact that improved technologi.es have not emerged which can

be labeled" miracles", that is, ones which yield sLgnificantly more than local

varieties under the stressful. production conditions found in Africa, improved

technologLes do exist throughout Africa, which are capable of increasing local

productivities and over-ill production rates if the right co mbination of inputs are

applied. The question remains as to how to improve the utilization of ex:ist:i.ng

technologi.es and how to make sLgni.fi.cantimprovements on them in ways that

permit their use by the African farmers.

•
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Chapter II

Historical Perspect:i.ves on Development Strategies

and Agr:i.culture

'!he remarkable productivfty increases in South and Southeast Asia during

the last tY-:o decades grew out of a unique set of conditions, ones which fostered

technalogi.cal and institutional changes that led to widespread agd.cultural

growth. The conditions which allowed for this to take place were rooted in

developments of earlier periods, decades when different approaches to

technology development and economic growth held reign. Each earlier peIiod

generated their own set oftheoIies about developmentstrategi.es and

agricultural growth. Both social and economic circumstances influenced these

models, and technologi.cal "breakthroughs" guided the direction and bias of each

succeeding generation of development theorists in their quest for speeding up the

development proces& Agriculture has played a cd'Hcal role in this economic and
I

social growth process but the degree to which agriculture contriliutes to growth

and in fact leads the way has often been disputed by development experts

throughout the ages. This section will review the basic development models of

the last century and thereby try to place the design of an appropriate model for

semi-arid sub-Saharan Africa in its proper context.
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Agricultural Strategies

Perhap:; Ruttan 1/ has been the most foc~"ed and consistent reviewer of the

history of agricultural development models in the last decade. He idenb.fi.es five

different approaches. In the ~esource

Exploitation mod~ the expansion of cultivated or grazed area provided the

means for production increases. North and South AmeIica and Australia, in

temperate eco1ogi.cal zones, expeIienced dramatic succes; in this endeavor

during the eighteenth and nineteenth centuIies.

Paraphrasing Ruttan, we find that this !Jrocess has occurred throughout the

world for many centuries, in Europe, Asia and Africa. Colonization of Europe

north of the A1.I;s, the Chinese push south of the Yangtze, and the Bantu spread

in AfIica, all were based on the exploitation of the laud. Yields were low, but

sustained by long fallow periods for fert:ili.ty regeneration. As populations

increased, annual cropping systems emerged that could transfer the agricultural
I

surplus to feed the urban areas, extracted by landlords or the church as rents or

t:ithes. However, this strategy does not generate a large surplus beyond local

needs, and conditions in Africa today, where pest and disease infested infertile

ooils cannot sustain this growth model.

1/ This section draws heavily from and attempts to paraphrase Vernon Ruttan,.
1982, Agricultural Research Policy, M:inneapoJis: University of Milmesota Press,

Chap.2._
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~e Conservation Model recognized that resource exploitation led to

degeneration of the natural resources and yields decline. Hence, a considerable

amount of effort was directed towards land and sail conservation. The English

introduced this approach based on the German concept: of -sail exhaustion- or

chemical depletion. The concept of dlminishing returns to labor and capital.,

emerging from economics, supported this startegy. Well into the twentieth

century, European agricul.turalist:s developed intensive crop and grazing rotation

systems using -new forage and green manure crops and increasing the use of

animal manures-. By re<...i1cling plant nutrients,

sail fert:i.lli:y levels were maintained and agticull:ural growth rates were sustained

for several decades. Only when the agricultural dg mand reaches upwards of 3%

does the conservation model fail to proVide sufficient growth in supply to meet

its needs. What appears strange in this context is why European colonialist-.s

reverted to the resource exploitation modelin Africa when the ~onservation
I

model would have been much more aPPropriate dw:ing the early twentieth

century. Very often mixed cropping systems with grains and legumes were

replaced by export oriented crops or sole stands, thereby ignoring the notion of

resource fragility.

The Location model., originally formulated in Germany, tried to expla:in

regional differences in the inte~tyof farming systems based on the level of

labor product:i.viJ:y in industIy and the demand for farm
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outpu~ Ruttan states that "empirical tests have repeatedly confirmed that a

strong nonfarm labor market is a pre-r:equisi.te for raisiJ'lg labor productivity in

agriculture and imprOVed incom es for rural people". Much of the literature on

the dynamics of the economic transformation and its pathologicalste~r, the

theory of the core and periphery, em manate from the concepts developed by the

application of this model to the u.s. in the 195U9. At that time, the Location

model was used to explain the failure of the resource development and price

palid.es of the thirties to eliminate regional dispaIitiesin rurd1incomes and

agricultural factor productivities.

Probably the most well-known agricultural deVelopment model is t&'1e

Diffusion model. Com from South AmeIi.ca was transferred to Europe and

Africa after Columbus' Voyage and rubber in Malaysia came from Brazil via

Europe. The Diffusjon model served as the basis for technical~ceafter

~or1d War lI, when agriculturalists observed the differences between "land and

labor productivities among farmers and regions". ll: was felt at that time,

especially in the U.S., thatsignifi..cantimprovements could be made by simply

disseminating technical knowledge, and transferring improved seeds and inputs.

.The Diffusion model has been the "intellectual foundation" for farm

management and production economics in the eady twentieth century. Rural

soci.ology enhanced the reknown.of the D:i.ffusi.on model when adoption rates were

correlated to educational and wealth levels and other socio-economic

characteristi.cs of farmers. In the 195Qs,
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better explanation for whatis known as the High-Yielding, HiglrInput modelis.
needed. The Hayami/Ruttan model. provides this Ilecessary framework,- and will

be described in detail in Chapter m.

Economic Development strategi.es

When Nobel IA:l1l"eate Simon Kuznets, through the analysis of national

accounts, showed that the percentage contribUtion of agriculture to national

product declines and almost vanishes as incomes i..'1crease with industrialization,

many new theod.es of economic development favored investments in industry at

the expense of agriaJ.1b.lre. The Mahalanobis and the Harrod-Domar models

argued for the development of heavy industry as the engine of growth for India

during her first five-year plan. The reconstruction of Europe after World War n

under the Marshall Plan focused attention on the ability of the U.8. to .rebuild

Europe's industrial capad.ty through massive injections of capital and

infrastrUcture. The World Bank fallowed this path, under the guidance of Hollis
I
Chenery, by using donor capital to finance investments. The early models of

economic development were biased towardslong-{:erm growth which required

heavy indU3try as opposed to the deve1Dpment of more light industIies of

consumer goods such as textiles, even though it was recognized that equtty

objectives could not be satisfi.ed in the short-t"un. Only recently have hypotheses

emerged which suggest that a mixture of light and heavy industry can generate.
growth with equity, such as can be found in Taiwan, Korea, and to a lesser extent

in Hong Kong and Singapore. Nevertheless, the
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maj:>ri;ty of these models look on agr.i.cu1.tUre in an exploitative way, rather than

admitt:ing that improve ments in agriculture itself can assist in and are necessary

for increasing the economic growth rate.

In fact, it took Sir Arthur Lewis's arti.cl.e in 1954 to show how economic

development could be enhanced by using ·unlimited· supplies of labor which

could be extracted from the agd.culturalsector without a fall in production

because labor's marginal productivity was at or close to zero. However, Fei and

Ranis U9 6l), Jorgenson U9 6l), and the early wIii:ings of Mellor and Johnston

U964), expanded this concept. In doing so, they recognized that agticu1.tUral

technology and labor productivity would have to increase in order for labor's

transfer to be possible without a decline in production, and that production would

actually have to increase to feed the new urban massesJI At this point,

Jorgenson, Mellor, and Johnson go on to claim that surplus earnings in Japanese
I

agriculture went even further and played a maj)r role in providing investment

capital for the modern sector through the mechanism of dual landlords. Excess

earnings from rice and silkworms were reinvested in industry because the

landholders were also the industrialists If this be Lle case, agricultural growth

could supply the capi.tal as well. as the labor necessary for rapid growth in the

modern sector and Qrovide add:i!:ipnalfood for the workers who migrate. Mellor

has developed this concept more fully in his analysis of Jildia, but at the

1/ John Mellor, 1982.. address to the International Association of Agricultural

Economists, Jakarta, Indonesia••
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Int~t:ionalAssoci.at:ion of Agricultural Economics (IAAE) meet:ingsin Jakarta

in 1982, he added the notion that more investment in infrastructure and uHlitjes

may be necessary as precondi.tiDns for initiating this process in Africa••

several other developments dw:ing the 19509 kept agriculture out of the

limelight in development economics. Prebisch ( ) and Singer ( }independently

came up with the idea that since the terms of trade turn agamst agricultural

exporting countries who import manufactured goods, their growth was limited)L

The conclll·c:rion they advocated was the need for developing import substitution

indust:ri.es through trade protection, a strategy which completely ignored

agriculture. Another approach wa13introduced by E:irschman ( ) base1 on the

concept of the mulliplier effect of forward and backward linkages, in terms of

the "investment-qenerating forces that are set in motion" by these linkages. He

goes on to say that "agriculture certainly stands convicted on the count of its

lack of direct stimulus to the setting up of new act:i.viJ:i.es through linkage
I

effec'ca--tl1e superiority of manufactuIing in this respect is crushing".

Although the early heavy industry models, the import substitution theories,

the linkage and labor surplus strategi.es allIed to the neglect of agriculture, they

wer~ also critici2ed by the pal:Jtical economy theor:ists. Since low-!ncome

countIies \-Iere less successful in generating broad-based capi.talist societies and

peasant farmers were

1/ Carl Eicher and John staatz, ed.1984, Agricultural Developmencin The Third

World, Bal.t:i.more: Johns Hopkins University Press.
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individually unable to generate surpluses to earn capital. for investments (because
.

marginal PrQducti.vities of labor were close to zero), concepts of collectivization

arose. At the same time, the theory of the center (the modern world) and the

periphery (the developing countxies), a poli.tical economy theOl:y, was espoused by

Prebisch ( ). DeJanvry!! can:ied this last notion even further within a country

to cx:i.ticize the agricultural development projects in Latin A mex:i.ca, maintaining

that agrlcultural technology without red:i.strlbution of resources would. only

continue the bimodal structure of the economy rather than dJ:i.ve it towards a

unimodal solution, as advocated by Johnston 2/ .in his recent plea for asssistance

to small farmers in Aftica.

Integrated Develop ment ~trategi.es

Throughout the fifti.es and sixties, attempts were made to integrate the

development process, and to provide assistance to all sectors simultaneously.

The Com mun:ii:y Development concept arose out of political concerns to foster

. de mo~ratic societies. Ho wever, as the food cI:isis widened in the late 196 Os,

com munity development gave way to Rural Development with a concentration on

agricultural production)!

1/
Carl Eicher and John Staatz, Ope cit. p._

2/ Bruce Johnston and Thomas Tomich, 1984, "Rural Development Research-

Farmer Productivity and FeasihiJity of Small Farm Development Strategies",

t1 SAID, Washington, D. C.

3/ A survey of com munity develop ment projects is presented by Lane Holdcroft,

"The Rise and Fall of Com munity Development, 1950-65: A Critical Assessment"

in Carl Eicher and John Staatz, op.cit.., Chapter 3.
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The m~oda1ogies employed in these approaches, however, were simple
. .

applications of the Di.ffusi.on model. with stress on Com munication. No research

on environmental adaptations were included, and as a result little impact was

generated in food production. However, in the late sixties and early seventies,

the green revolution took hald and led to great opt:i.mism among development

experts that the food cIisis in the third world could be overcome. When food no

longer required everyone's attention, the deVelopment com muni.ty looked for a

means for di.st:r:ibuting the wealth being generated by food surpluses. The Basi.c

Needs approach then anived on the scene with projects and palici.es designed to

Provide a complete social welfare package. However, since the -Green

Revalution- took hald in only limited areas of Asia, the luxury of the basi.c needs

approach was short lived.

It is in the context of this histoIical panorama of development models which

evolved both sequentially and simultaneously during the last several decades,
I

that we now turn our attentions towards the application of the Induced

Innovation model to semi-arid, sub-Saharan Africa. 'Ihe several agticul.tural

models, the economic and political economy models, and to some extent the

integrated development models have all been tried in Afdca at one time or

another and in one place or another with less than resounding succes;. perhaI;:S

they were inappropriate given th..e resource base and the social and economic

dynamic; of the time. Maybe with the approprate applicat:i.Dn of the Induced

Innovation model we can tum the tide of history and find a catalytic mechanism

which may bring true development to Africa in our time.
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Chapterm

1he ]hduced Jhnovation Model of Hayami and Ruttan

The Hayami./Ruttan induced innovation modelis based on a view of dynamic

factor subst:it:utions driven by market forces. When certain condil:iDns are

reached, innovation rapidly takes place. When these conditions are not present,

innovation lags, stagnates, or decJines. The dynamics of current production

systems in developing countries are subject to the norms of this model as will

become evirlent when it is applied to several African situations with several

com modities. 'Ibe basic premise of this modelis drawn from Hayami and

Ruttan's one hundred year analysis of agricultural growth in the United States

and Japan, and corroborated by a similar study by Binswanger on several

Europeali countries. The model states the falloWing:!!

Technologi.cal change comes about through research on factors of production

which lower per unit costs, or conversely, increase yields per uni.t of input. 'Jlle
I

key to the particular research strategy chosen in terms of the input selected, and

the size and nature of the research effoIt, are determined by one input's ability

to substitute for another input whObe availabili.ty appears to be reaching its

limit. If an input experiences an inelastic supply curve, that is, where access to

more of those resources does not increase when prices rise, then a search is

made for a subs"itute through th~ research

1/ Yujiro Hayami and Vernon Ruttan, 1984,~. cit.; Vernon Ruttan,1985, .2E..

ci.t.; and Vernon Ruttan and Yujiro Hayami, 1984, "Toward a Theory of ]hduced

Jrt.st::itutional Innovation", The Journal of Development studies, Vol. 20, No.4.
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(expeq..mentation and trial. and error) process. 'lhe degree of effort and the

organizational structure pursued in this process is determined by the nature of

product demand fadng the farmers. If there is broad-based demand with

increasing ptices, i.e., rising urban incomes, this research will be directed

towards staple food crops managed by public sector institutions. If the demand

is for spec:ialized export crops, r.esearch will be financed and cartied out by

ptivate or semi~vateorganizations. Whichever is the case, the value of the

ratio of the ptice of the input being substituted for the scarce resource and the

product's ptice in the market, will determine the size of the research effort and

its longeviJ:y or sustainabiJity. If the perceived benefits to be garnered fro m

these efforts are viewed to be short~veddue to expectations of extreme

fluctuations in the environment or from negative ptice polic:i.es in natiOnal or

international markets, or if relative economic decline actually sets in to keep

tpe ptice ratio fro m falling, then investments in technology generation, public or

ptivate, will never mater:iali.ze or be terminated prematurely if attempts are

made at all. Since it is recognized that bi.alogi.cal research and adaptation takes

time, measured in decades rather than years, many research efforts are bypassed

for activities with expectations of im mediate benefits, such as ptice supports or

subsidies, exchange rate controls, or new taxation schedules. These activities

generally attract most donor attention and host country receptivity; long term

research is usually foregone because of the lack of perceived short-term benefits.
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G~ven the HayamJ/Ruttan model, two conclusions can be drawn. The fi.r:stis

that there are alternative paths towards technalo91cal change, depending upon

the factors which are chosen for Slll::S:itution, and second, demand schedules

guide the selection of the com modities which are subjected to the intensive

research process.

The HayamJ/Ruttan model clearly defines the relatiol'lShip; between the

biological and economic inputs and the level of product de mand which led to the

impressi.ve techna10gical changes which occurred in the Un:il:ed states and Japan

during the early 1900's. But the model does not define the process of

institutional change, how and why institutions respond, which institutions require

change, or more importantly, whether exogenous institutional changes trigger or

constrain the evolution of the technology generation process. Certainly, if

institutional changes serve to increase factor p:ices or decrease product prices,

the induced techno1og:i.ca1 change process cannot precede. If inst:iJ:Utions fail to
I .

reduce variations or cover risks, the same stagnation will evolve.

The path of techno.logi.cal change cha;en by the Un:il:ed states initially

differed from that of Japan. In the late nineteenth Century, land in the Midwest

and South was relatively abundant. Production increases were achieved by

simply placing more land under production. But as industJialj zation progressed,

labor was shifted out of agticul.t:1Jre into manufacturing. In order to continue to

provide food for the urban POPUlations a new factor of production was needed to

replace the loot labor, since agricultural. prodUcts did not face el.ast:ic demand

schedules, especi.a.1ly for staple grains such as
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com apd wheat. As a result, research in mechanization began in earnest, and

allowed the land to labor ratio to expand considerably. When land finally became

limiting, rese.?rch work shifted to factors substituting for labor During that

later ~..Iiod, investments were made that led to the development of less costly

ways of producing fer:t:llizers (the work of the Tennessee Valley Authotity) and

the breeding of fertilizer~~nsiveseed vatiet:i.es. Although the high-)'i.elding

seed-fert:i.li.zer technique proved to be successful in the U.S., it occurred after

Japan had already :initiated substantial efforts to produce high"'i'iel.ding nce

varieties.

Japan, unlike the United states, felt the pinch on land resources in the late

nineteenth century and early twentieth century. In order to substitute for land

which was not an unlimited resource like it was in the United states, Japan

began a research program on high"'i'iel.ding rice vaIieties and enhanced the

r~nsepattern with high levels of fertilizer application. This can be seen by

the high rates of fertilizer utilization per hectare. With high fert:i.1i.zer doses,

the maximum benefit to plant breeding was attained..

lhcreased crop sequencing was po.csibJe because the oo:il fertility was

rej,lvenated art.ifically with each application thoughout each growing season.

'Ibis was made pose;ible, once again, not only by relatively low fertilizer costs but

also because the ratio of fertilizer price to the price of rice was relatively low.

When the pd.ce of nce increased dramatically from 1965 to 1977, rice yields rose

even further.1/

1/ Yujro Hayami and Vernon Ruttan, 1984, .2l2 cit.
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In the United States, demand for grains was always quite high throughout.
this development period. When pr:ices began to level off, the farm lobby gained

suffid.ent politi.calsupport to i.nstii:ute a myriad of price supports and market

controls. lh effect, these policies guaranteed sales at cost plus profit price

levels. Even though much of this research was initiated and maintained in the

public sector and supported by the USD A and the land grant Univer:si.ty research

system, private seed companies continued to flourish because market pd.ce

support poli ~es kept the input price-market price-tatio very low.

Although this model explains quite well the process of technologi.cal change

in the United states and Japan, it is not at all certain that it applied to the late

developing countries. This we will investigate in the next chapter, but first let

us look at where the "Green Revallltion" took root, to see i£it fallowed the same

pattern outlined by the model's application to the U.S. and Japan.

ClM MYT and IRRrs Work with Wheat and Rice

In the 1950's, as was painted out in Chapter IT, there was great concern over

developing the Third World. This meant increasing food production. The

Rockefeller Foundation was the recognized leader in pursuing a rec-;earch

program for increasing food production in Latin America and Southeast Asia.l/

Work began in Mexico with Norman

1/ This section is drawn from William Paddock and Eli2abeth Paddock, 1972, tie

Don't Know How,
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Botlaug and the formation of ClM MYT, the wheat and maize improvement

center, and was succeeded in the Philippines when Frosty Hill established the

Rice Research lhsb.tute. Both of these centers fallowed the sa me strategy,

adapting high-yiel.ding, fertilizer responsLve, seed-types to local conditions. Both

were enormously successful, but not in the same way. The invi.sible hand of our

model was at work. The originalproce$ described above for the two

industrial; zed countries led to the per:fection of the technique of plant breeding

for precisely high-yiel.ding fertilizer responsLve varieties. The process used by

these two Centers was to borrow promising seed materials and, through local

environmental testing and adaptation, generate new hybrids or composites which

could out""i'ield local varieties and still ~...t:hstandlocal stress. For both rice and

wheat, this meant deVeloping short~em med varieties to prevent lodging. In

addition, this breeding technique was best suited to irIigated lands, which was
I

com mon in Asia for rice and happened to be present in parts of Mexico where

Borlaug began his work on wheat.

:n: is cUIious to note~ however, that success in wheat was not achieved in

Mexico, where the work was initiated in the late 1940s, but was most dramatic in

Asia. Several reasons account for this phenomena.

The process which led to the development of the Mexican dwarf-wheat.
varieties with genetic characterist::ia) suitable to Asia reads as follows. During

World War~ an aide to General McArthur noticed some "ankle-high-tO wheat

varieties in JaPan, which he collected and sent to the USDA plant quarantine

nursery in AIizona.



-25-

Orvill~ Vogel., a plant breeder from Washington state., using these seeds,

developed several crosses which showed that plarit height did not correlate

directly with yields. From this finding and seeds from Vogel's new stock,

BorJaug and others continued expeIimenting with dwarf wheats. Since Borlaug

was testing at two locations, twice a year, due to latitude and altitude

differences, he was able to produce results more quickly than the other

researchers. Also, he was breeding for gross yield and not taste or quality and

hence, was not as consb:ained as were other reserachers in the U.s.

Another characteristic emerged from this research that was perhaps even

more unique. Since the Mexican research stations were further South, the wheat

varieties which emerged were tolerant to the sholt days of the more tropical

latitudes, although this chactedstic did affect the qualit.y and taste standards.

In~e of the favorable condi.tions for Bodaug's expeIimentation, he still

fpllowed the premise that adequate moisture and high levels of ferti.lization,

co ffiParable to the norm in the U.S., were imperative if high~el.ding,tropically

tolerant varieties were to salve food problems. The result was that these

varieties could not_produce their high yields without these inputs. When:lhdia

and Pakistan in the late 196Us were looking for wheat to recover after a severe

drought, and Bodaug had already demonstrated his stock there, they sent buyers

to Mexico, and the rest is histo~. The Mexican dwarfs were perfectly suited to

the irrigated and fertilized fields of lhdia and PaJd.stan, were mst-r:esist:ant

dwarfs grew well with sholt days.
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However, in Mexico, the st:J:Jryisless convincing. Bodaug and the.
Rockefeller Foundation claim that their research increased wheat production,

made Mexico self-sufficient in wheat and led them to export wheat, all dubious

conclusions in light of the economic conditions surrounding this case. First,

wheat is a minor crop in Mexico, in terms of number of farmers 0/40 compared

to com farmers), acres (l/8 of com), and total grain output (about 1/4 of com).

Second, the costs ofirrigat:i.onin the north of Mexico where wheat is grown, has

been heavily subsidized, as was the price of wheat. Moreover, these dwarf

wheats "must be fertilized", and Hertford's 1967 study shows that fertilizers

were subsidized throughout the sixties. Most chemicalinputs were subsidized

during the seventies as welL. Also, MexiCO'S petrochernical industry developed

fertilizer and provided access to them at the time Bodaug was doing his

research. Hertford's study also shows that from "1.953 onward, over half the

change in Mexican crop yields was due to increased use of cpemical fert:ilizers"•
I

The Green Revolution in wheat which won Bor:]aug the Nobel Pri.z~ occurred in

Asia)!. On the contrary, Rockefeller's si.miJar effort in com breeding in Mexico

led to a seeJ1li.'1g].y stark failure. However, in later years, as the program was

modified and adapted to Mexican conditions, it becamea resounding success.

But what happened with corn?

1/ This is not to detract from Boc1aug's accom~ments, but to identify what we

re the condiHpns and characted:S'"ics of this Slcces; in order to determine what ca

n be awtied to Africa.
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V'i;c~Presi.dentHenry Wallace, founder of the Pioneer Seed Company,

suggested a com-breeding program for Mexico J.l} the early 194cs. Given the

success in the com belt with hybrids, this was the route chosen by Rockefeller,

led by Wellhausen-a renowned com-breeder. In order to generate a rapid

impact, the Foundation concentrated its efforts on the large, prosperous

farmer-the ones who had the best land plus access to seeds, fertilizers, and

pesticides. Unfortunately, com was grown by smallholders and ej.ditarios, 2/

under varying environmental conditions. As a result, no single hybtid was

adapted on a broad scale throughout Mexico, and the breeding work done to

generate seeds respon.si.ve to fertilizer and water often fell on infertile soils and

environments. If small holders grow com for subsistence, and the environment3

do not guarantee moisture and fertiJi.ty, the farmer will naturally shy away from

the mtroduced hybtid. Hertford's study once again indicated only moderate

adoption of hybrids up to the 1970's, no higher than 15 % in acreage.
I

But the stDry on corn changes in Mexico. In 1967, elM MYT spawned a new

ini.tiative. In collaboration with the State of Puebla, researchers began adaptive

work on com in farmer's fields. Mixed cropping techniques with beans were

evaluated and local vaIieties were compared with the hybI'i!E. Seeding densities,

time of planti..ng,

2/ Farmer's holdings called~ were com munallands broken into small

parcels, and farmed individually.
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fertilization rates and techniques of application, and pest contrals were all.
tested in field plots. Breeding work was not inc1J.ided.· From 1967 to 1980,

yields increased, on the average for the Puebla Region, from one ton per

hectare to 3.0 tons per hectare. Many have felt that the success of the

Puebla project depended upon the doubling of com ~elds in seven years,

and one of the ClM MYT directors, Haldore Hansen, figured that com

breeding needed to produce seeds capable of generating three to five times

more than tradi.ti.onal vaIities in order to jJst:i.fy the effort. Neither of

these accomplishments materialized, but with steady and vigorous

research, adapr...ation, field-testing, retesting and adoption moni.toring,

coupled with evaluation of the linkages between technology generation and

institutional and policy supports for adoption, the farmers of Puebla have

reached considerable mil-Ranes in fifteen years. Technology generation in

the eighties now concentrates on 70,000 seed per hectare maize for fodder
I

and concentrates, p1lJs trellised beans wrich have yielded up to eight tons

per hectare in on-farm experimental plots. 1/

In Southeast Asia the process was more straightforward. The

Rockefeller Foundation, led by "Frosty· Hill, identified Los Banos in the

PhiJippines for the location of the International Rice Research Institute

(IRR]). IRRrs II\i$i.on was to ad~pt the

1/ Personal sight vi.si.t with local farm ers, extension agent and Mauro

Gomex, ex-Puebla Project Director and current District Chief, Rainfed

Agricultural Dist:licts Program.
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Japanese dwarf rice varieties to Southeast Asian environments. Since.
almost all rice in the area was grown under one form or another of

irIi.gation and more importantly, was already fertilized, the breeding work

considered these inpUt variables as givens. When the high-yielding

varieties reached sust:ainabi.lit, they were readily adopted because the new

input package was relatively Iisk free. 11 The only input which was

different from existing inputs was seed-type, a small cost in the total

package of inputs.

In both cases of wheat and nce, we saw a research program devoted to

s..lb&tituting an abundant resource (fertilizer) for a scarce resource Oand).

In Menco, it was irrigated land which was scarce. 2/

Because fertilizer prices remained low, and output prices rose, the

research Program throughout Asia was sustained, and spread through

Malaysia, the Philippines, India, Sri Lanka, Thailand and Indonesia.
I

1/ James Roumas3et,

2/ Surprisingly enough, the wheat pr09I'am in Mex:'...c-o was concentrated on

irrigated lands, a phenomena which was not characteristic of wheat

research in the U.S. because it would not pay.

3/ ttan ....'-- Vernon Ru , .2£.~, p.
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~ Mexi.co, the program continues at ClM MYT, but Mexican National

supporti,s extremely weak, perhaps even non~xiStent.Y

In Mexico, price supports, crop insurance, input subsic:D.es and irIigation

disb:ict:s take credit for Mexico's agricult:uralsuccesses, not pJant--breeding

research. In Mexico, the pressure on the land was not great enough, the

coot of fertilizer was not cheap enough, and the demand for wheat was not

suffici.ent to sustain the high-yi.eldi.ng fertilizer responsi.ve research

program in wheat. For com, the addib.onalcomplication arose which was

the hybIid's i,nability to adapt to varying stres:; under different soil and

climatic environments. What happened with com in Mexico and Calombia,

and presumably for wheat and rice in rainted parts of Asia was that

without proper moisture regimes and adequate fert:ilizers, and with

competition for nutIient:s and moisture from weeds, the hybrids failed to

~Iform as well as local va.r:ieties.
I

Crcssing Production Functions

If the hybrids fai1. to outperform traditional varieties under low input

levels, their product:iDn functions will cross, a phenomena which many plant

breeders refuse to recognize. Perhaps un~er sing1.~ariatp. relationships

they rarely do, but under farm condi.tions, crossing production functions are

com manly observed. The producQ,on function descd,bes this situation in

figure 1 below~ Figure 2 compares these product:i,on functions w:U:h the one

presented by Hayam:i. and Ruttan in their article on "The Green

Reval.ut:icn: Inducement and D:ist:libution".

1/ Personalintervi.ew with Alvarez-Luna, General Director of the National

Agricu1t:ural Research InS:i.tute, Mexico City, Mexico, July, 1981.
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F.i.rst, the farmer operates at one of two posi,tions, ei.ther at an.
optimum at A, in Figure 2.B, whi,ch assumes unlimited resources, or at

paint A in Figure 2.A, where resources are limi,ted for some reason.

Movement to the ri.ght can be motivated by (a) access to more resources,

or (b) change in the price ratio of i,nputs to output. In the Asi,an case, a

jump from A to B wa.c; feasible and the new technologies j.Ist:iD,ed this

move. But in the Latin American case; first a move to C was elicited by

reducing resource constrai,nts, that is, by reducing risks, providing access

to i,nputs and manipulating price policies (the Rleb1a Project model) and

then an iterative approach, stepw:ise from A to B along the

meta-produc.1:::ipn function, seemed to evolve. Fach step along this path

carried demands for different combinations of supports and mixtures of

crop enter:prises. '!his sa me Id,nd of work evolved in Asia during the

mid-seventies as w~ but attracted little attention save for the multiple
I

crops program at mRL Even ED, perhaps one of the interventions most

responsible for increasing ri,ce product:i,on in the PhiJippjnes was the

Masagana 99 Project, wtri.ch provided subsidi.zed j,nputs, marketing, credi,t

with guarantees, and pri,ce supports, all promoted through a comprehensi.ve

mass-medi,a campaign. The quesb,on remains as to which approach is

appropriate and feasible for sem~-arid Africa, and how can one shape the

research and extension effort to conform to these conclusions?
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ChaptverIV

Ag:ili.cat:i,on and Adaptation to Semi-Arid Sub-Saharan AfJ:ica

The Hayami-Ruttan model calls for the subst:i,.tut:i,on of a ·cheap· resource

for one fadng scard,.ty, coupled wi.th high pr:OOuct de mand in order to :jlst:i.fy

prolonged research for and achieve broad-scal,. .adopti,on of high-yielding

agricultural techna1ogi.es. '!he bias of this technology emerges from the

identifi.cation of that resource factor do.i,ng the Sl.1mt:i.tut:i.ng and the unique mix

of resource and cultural endow ments currently present in each country or

regi.on. The path of expansion along the hyPOthesi.zed met:a-product:i,on funct:i,on

remams constrained by the degree to which ri.si.ng product prices generate

returns to factor inputs. These constaints are acute in semi-arid, sub-Saharan

Africa. Demand tri.ces remain low, due to chronic stagnation of the economic

transformation procesJI, ti..e., rur~ subsistence populations linger above 70 %

of total population) and the fact that urban consumer price ceili.ngs always loom
I

oppress:i.vely on the horizon. Hence, a j,lmp from traditionalproduct:ion

techna1Dgi.es with low mput levels to ones with hi,gh input levels which the

high-yiel.ding seed varieties generally require, appears to be exceedingly difficull:

to engineer. That is not to say that if some •miracle· technology were to be

discovered, i.t could not be introduced, such as a drought-talerant,

nitrogen-fixing maize variety, bqt the conditions that create its likelihood are

absent.

1/ John Mellor, 1966, op.d.t.
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Instead, the route to technalogi.caladvance for this part of Africa must be.
one which flows out the ex:i.sl:ing production function to the production frontier,

and then expands iteratively along that path. In order to make progress in this

two-staged approach, a diagnost::i.c profile must be made of each farming system

to determine the nature of the traditi,onal or existing production function. The

diagnost::i.c process must determine which resources are abundant and i,denti!y

those which are in relatively scarce supply. The degree of variat:i.on in supply is

also to be included, especially for water. When one looks at se mi-arid Africa,

one find<; land in abundance, though of poor qualitY and extremely dry. On the

other hand, capi.tal for cash inputs is emsmely scarce. Within the capi.tal supply

function, d:isl::inct:ions must be made among moistUre contral.--an infrastructure

variable; fert:ilizer-a cash or credit outlay; seeds- an access problem-for

hybIids, compa;ites, or improved vatieties; and dust and sprays-an insUrance

principle at work. '!be other major input variable, labor, on the surface looks to
I

be in excess, but often is exhausted at peak labor demand peJ:1.odc; and, in fact,

acts as the determinant of the si.ze of cropped area. The area planted is

determined by the amount of labor available for peak demand periods. However,

moisture vatiat:i.on alters the level of use of all inputs and especially influences

the frequency of full employment, underemplOyment, or overemployment by its

control over weeds, pests and ~ases, and yields. Moreover, the more complex

the inter~roppingsystem, the less likely fixed expectat:i.ons exist
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regar~gthe amount of labor requi.r:ed for any given season for each crop

pattern and cycle. Hence, labor supply becomes an extremely tricky variable,

complicated even further by task approptiateness for males and fe males, and age

groupjngs.

Once the factor endow ments and product:i.on relationship; are determined, a

process can be set ir. motion for designing interventi,ons to reduce the consb:ai.nts

identified. When optimal production paints are reached, research must be

initiated to shift the function out the meta-production expansion path. T'tlis

process requires a somewhat different approach to agr:icull:uI'al research than

what has traditionally been espoused by the intematiunal agricultural research

com munity. Given the apparent success of the "Green Revolution" in Asia, it

was expected that the investments made in the :Jhternational Jhstitute for

Tropi.cal Agriculture (llTA), the International Crops Research Jnst:i.tute for the

Semi-Arid 'Iropics (ICRlSAT), and other international centers for tropical
I

agriculture would in a few short years reap miracle-level. breakthroughs. Since

this has not mated.alized to any sign:ijJ.cant extent, these centers have been

severly criticized. But one may submit that perhaps the strategies they pursued

fit neatly into the Hayami!Ruttan model as applied to semi-arid Africa.

A recent review of the research and output of these research centers

highlights this paint. UTA has cqrried outimpressi.ve research on "alternative

approaches to land clearing and tillage methods aimed at finding [techniques] for

maintaining the fragile fertility and structure of the lateritic sails tYPical of the

--sub-humidtro~. However, as Eliksson also points out,

1/ John Eriksson, 1985, memorandum to AID staff, Washington, D.C.
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the h~vy reliance on chemical pestiddes and herbicides in their no-tillage work

may be counter;;roductive. Because of the constraints on chemical. supply,

breeding research on disease and pest resistance needs to be the focus.

Alley~ppi:ng work also should be singled out as being particularly well51.1i.ted

to the tenets of the Hayamj/Ruttan application to sub-Saharan Africa, either

sutMlumid or semi-aIid. Alley-cropping involves maiZe and cowpeas or any other

grain-:legume mixture, grown in alleys between leucaena or glidddia trees.

"Nitrogen-nxation, woody mass, shade, [nitrogen dch] mulch and

weed-suppresant characteristics" of these systems are being tested 1/.

Com modity-based research continues on breeding and djst:ribution of

streak-t':'esistant varieties of maize as well as work on sttiga and 3tem borer

resistance. ITTA has aJs:> recently develoPed a high-y.i.el.ding, disease-cesistant

hybrid maize. Farmer demand for these hybtids currently exceeds supply, and

support has been stepPed up with two private firms in NigeIia to supply this seed.
I

Here is a case where a support:inst:i.tution to provide seed produc'".JDn,

distribution and financing for cash purchases needs to be develoPed

simultaneously with, or prior to, the spread of the innovation. Without it, the

new,seed will not be utilized and its inbred qualities will djssip:;te.

With cassava, considerable progress has been made to control biologically

the cassava mealy bug, while at i:he same time increasing the carotene content

and reducing cyanide. Nevertheless, controversy

1/ lbid.
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has~n with regard to who and how they should develop (rear), promote, and

disseminate the predators. An institutional problem once again gets in the way.

The short-growing cowpea (60 days), like the mung bean in Asia, seems to be

taking off rapidly. Cowpeas are extremely drought~t. In fact, farmemin

Kenya earn $100 shillings a bag (1978 prices) for leaves even in years when the

moisture is too sparse to produce bean~.

nTA manages a seed unit to train and provide technical assistance in seed

m1l1Hplication technology. lITA has limited the expansion of this activity, an

action judged to be overly conservative in view of this paper's interpretation of

the Haya mi/Ruttan model.

The research of the International Livestock Centec for Africa (ILc A) has

taken a similar approach. Studies are underway on nutrlent value of forages,

crop residUes, and feeds. Other studies are being carried out on energy outputs

related to nutrlentintake and water consumption by breed. Eriksson notes an
I

impressi.ve piece of work on "identifying, collecting, and evaluating indigenous

and introduced legume sped..es· and the development oflegume-based networks.

AvaiJable evidence indicates that the native forage legumes respond

miraculously to "modest additions" of phosphate, increasing yields "5-t0-6 fold".

Notice how all of these research activities are fallowing the iterative path

identi.fi.ed in Chapter m, moving.out the meta-production function expansion

path in stepwise fashion. Concurrent institutional supports are obviously needed,

and the bias the technology takes if it is to be as:;u.red of full scale titili.zation

depends on the environmental resource endow ments as well as the

1/ Recent work supported by the National Academy of Sciences in Kenya has

produced well-adapted Amaranth which rivals cowpeas as perhaps the most

drought-t:'esiS:ant grain or legume food crop in Afrlca, yielding 1,300 kg!ha with

100m m moisture in field trials, when sorghum and millet failed to generate

grains. Lecture by GUpta, National Academy of Sciences, October 14, 1985,
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e~g, functioning institutional structure. But let us look more closely at the

process of developing technalogies under stress conditions before we drawour

concJJl!;ions.

Several research studies have suggested that varieties which perform well

under modified and controlled environments with high input levels, fail to match

local. variety output levels when submittted to more natural environments with

high stres; levels 1/. However, plant breeders know that before a new seed can

be released for diffusion, it must perform well under all likely conditions in the

areas in which it will be di&-Dbuted. If a seed requires certain levels of moisture

at sped.fic times, it cannot be released in drought prone environments without

the assurances of supplementary irIigation. Si.milarly, if a seed only performs in

superior fashion with high nitrogen levels, it cannot be released where-credit or

cash for purchased inputs are absent or fertilizer supply is erratic or negligible.

I

demonstrate how research must: be tailored to fit the environment or research

domain as it is call.edin farming systems researc~. Using the same production

function concept as in Figure 1, visualize two crcm.ng functions, with yield on

the vertical., or

1/ Hubert Zandstra, Kenneth SW.anberg, 1979, et. % Caqueza-Living Rural

Oevelopmel]:, ottawa: lORC.

2/ Kenneth Swanberg, "Economic Justification for the Farmiing SyStems

Approach", A.I.O. Economist Conference, Annapolis, Maryland, November, 1984.
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Y-axis, and inputs, resources or endow ments on the horizontal, or X-axis. When

the amount of X ~esentin the environment (applied or naturally existent)

increases to the tight, curve A in Figure 3 shows that the improved seed variety

is supeIior. When X falls towards zero, the traditional seed is better, curve Bin

the figure.
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Hildebrand uses environments at each farm level test location for these.
input levels and uses a surrogate of treatment yields at each location to

represent all. the inputs. Then individual yields per treatmen~ (the verti.cle paints

in Figure 1 at each X-value) are correlated to average yield per site, which is the

environmental index. But since the environ JI1 ental index is the average yield of

all. treatments per site, where yield is a function of all inputs, we really have

yield as a function of inputs, the traditional production function. If all input

variables could be measured, we would not need the environmentalindex.

However, management techniques, input timing, and micro-dimatic variations

are difficult to detect in farm bUdget surveys or production function testing

methejg, and moreover, defining the structural form of the appropriate

equations to catch all of these interactions is vi.Itually imposcrible.

Economists often revert to Cobb-Douglas, CES, or Spill.man functions, which

are complete, interactive, multiplicative functions, to avoid this defin:iti.onal
I

dilamna, in effect si.mply looking for the best llfi.t". As a result, we end up

glumping variables and interactions together, consi.derably complicating the

recom mendation process. Perhaps the concept of the environmental index as a

stepwise process can be quite usefulin this context. First, divide the test results

into several environment.s--m effect what is done with group enterprise analysis,

often referred to as "Head and Tail" bUdget analYstJl. Then run separate.
budgets or regressions on each group. The separation of group; could also be

done with dum my

1/ Kenneth Swanberg, 1975, The Small Farmer Series (Spanish), Colombian

Agricultural.. Jhst:itute, Bogota, Colombia.
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variables if degrees of freedom become problematic given the number of.
observations available for study.

One specification of this process looks like this:

Let Y.. = f(ej
1J

where Y.. = Yield per treatment i;
1J

e. = Average yield for all treatments at site j;
J

and j =. ~ 2 • • • n, for each trial. site.

Then,

where

and

= f(Z1

= fertilizer

= seed quantity, type or SPacing

= ooil. fertility

= climate
I:

X oJ = moisture

X6 = cash used

X 7 = labor used

X8 = cultivation practices

x9 = manageI!:ent tech:liques

X10 = risk level

xlI = wealth level

1/ NOTE: Some of these variables might have to be entered in dum my variable

structures, and act as slope-mtercept shifters.
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Usually, when fer:t:ilizer and seed are identified for investigation and some.
form of research design is employed, there is an implied assu mpt:ion that within

the research domain, all "other" (non-treated) variables are constant and

similar. Although this may be relatively true for majJr variables such as Slil.

type, hillslope, and cultivation practices, this is often not true for climate or

rainfall (rainfall can vary consi.derrably on either side of a road in semi-ar:i.d

Africa), labor availability or wealth levels. As a result, the research design is

misspecifi.ed. The environmental index, two-step process can corr~ for this

problem.

where [ej - (Xl ,X 2)] = farmer practices at each site: or

Once the grouping of performance levels by si.te is made the additional

regression or bUdget analyses of the most highly visible and most important

variables for each farmer group can be identified. This process prodUCes the

fallowing results.

The group identified with low levels of X can be studied to find out how

efficiently available resources are utilized. If effid.ency:is high, but resources

constrained, interventions can be desi.gned to reduce these constraints. If

resources are not constrained, then the best technology with the greatest stress

tolerance has been identified. Field research on these technologies can shift

them upwards and to the right moving out the meta-produeti.on function. 'Ibis

can be done by (1) doing massselecti.on of those seeds performing
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well (top percentiles) at any given input level, (2) dmng research on.
product:iorv'farmer responses to constraint reductions, new combinationS of

inputs, cultivation practices, or cropping patterns, or to input price reductions,

or (3) doing on farm incrementaJ. tests on new inputs, practices or combinations

of each.

One way to reduce input prices is to reduce risks of access. If the supply of

an input is erratic, asarrances of tim~.lysupply in appropriate a mounts at fixed

prices or insurance against input response failures could go a long way to

increasing their use, in effect redudng the cost of the risk premium attached to

-eacJl.

One of the dominate concepts in Farming Systems work involves expanding

the use of inputs with the highest marginal returns or conversely, generating

greater returns to those factors experiendng low marginal productivity rates. In

order to pursue this task, good diagnostic data is needed as well as the ability to
I

determine which factors fall to the right of optimality in the production function

analysis and which fall to the left. '.Ihis author's research in Kenya and Colombia

has determined that labor in food crops demonstrates underemployment. This

me~ that it generates marginal returns below wage rates in agriculture.

Purchcased inputs, on the other hand, tend to be overemployed and in short

supply, given their place in the ~roductionfunctions. In these analyses the third

factor, land, appears to be more optimally employed. A more detailed look at

this phenomena will be presented in the next chapter.

1 Hubert Zandstra, Kenneth Swanberg, et. aL, Ope cit.r p. ---J and C. Ford

Runge,
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This diagram shows that each improvement is achieved without losing the stress.
tolerance of the farmer at each technology leveL Hence, any occurrence of a

less than appropriate environment will not lower the output expectations. If

over time, environments improve across the board, less stress tolerant

characteristics can be incorporated into the new packages, but sh",.J1d always be

done with extreme caution. Variance and stress are still endemic to sub-Saharan

Africa.

Notice the difference between the set of production functions of Figure 4,

and tha;e in Figure 2(B), page 31. In Figure 4, the greatly improved technology

performs equally as well as the Traditional Technology at lower levels of inputs

and supports, and then outperforms the tradi.tional at higherlevels of inputs.

The imprOVed technology, in this case, would be preferred by the farmers, over

the traditional based on average performance value-s and assu ming all key inputs

and environmental condi.tions measured are included in the Input variab]e. In
I

general, the improved technology outperforms the traditional technology when

standard d..sk measurements are applied to these functions. But the Expected

Value of the Loss Function as a risk measurement technique usually shows that

potenti.allcsses from costly high input level technologies may be so severe as to

limit such input use. In such cases, art:ifi.dal.risk absorption mechanisms would

huve to be introduced. This conc:ept will be discUssed in section (C) of the next

chapter.
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Chapter V

Using the Adapted Model to Analyze Constraints

to Agricultural Technology Development and Utilization

Since the de mand for non-export food crops in sub-6aharan Africa re mains

weak due to low income and less than 30% urbanization, we know the basic

strategy which must be fallowed for technology generation is a stepwise,

iterative approach. High output prices must be present in order to generate

expectations for significant returns to investments in any spedfic high~elding

miracle-type technology to justify its development. In the absence of high

output pd.ces, according to the model, more diverse technologies must be

developed. Nevertheless, these technologies must be designed to. be consistent

with the numerator of the model's key indicator, which means maximiz:ing the

productivity of those resources which can be substituted for any scarce

resources. Of the three basic inputs, capital, land and labor, we concluded that
I

capital, in terms of cash for purchased inputs, is scarce. Land, on the other

hand, has been dee med abundant. Labor varies fro m abundance to scard.ty,

depending upon the season, and as a result, overall productivity rates remain

low.; How, then, do we precede with the model?

Capif:al, Land and Labor-What's Limiting? Where's the Substitute?

land is not limiting. There is no need to "save" land but the productivity of.
the land needs to be increased. How can this be done? If purch3Sed inputs are

limited, is there an alternative? In most situations there is, but the" new

cropping pattern becomes very complex.



-47-

Farmers in sub-Saharan AfIica raise a variety of croPs, for consumption, for.
livestock, for market. sale. They raise these crops in patterns which attempt to

provide subsistence needs throughout the year for their families and animals. As

the frequency of droughts changes over time, traditional drought bIidging

techniques lese their reJiabilli:y. Traditional knowledge loses its value and

Government salvage-type reactions (famine relief) simply increase the risks the

farm er faces because the rel;abili:qr of such support services fades. Let's take

an exampl__ ..com a semi-aIid portion of Kenya in Machakos DistJ:ict.

In the areas where the Kamba Tribe originated, rainfall was

reliabJ e-plentiful enough for most crops including coffee, and relatively high in

alHtude, around 1,500 meters. But as population grew, their two Wmountainsw

could not sustain this growth, and expansion into dryer areas was necessary. In

the new areas at first the Kamba tried to grow temperate, moderate alt:i±:ude

crops. Since the climate of the new areas had lower te mperatures due to low
I

altitudes and rainfall was much lea;, it did not work. Slowly, the farmers

introduced more hardy (rops-sorghums, millets, cas;ava, cowpeas, pigeonpeas,

sisal and sunflower.

Unfortunately, the exist:ing support system was designed to service maize,

beans, coffee and fruits and vegetables fro m the highlands. It was difficult to

adapt these institutions to new CFopping patterns with different timing

requirements for inputs and market services. Moreover, the timing and pattern

of crop mixtures became much more complicated. Rainfallprofiles'included

much greater variations than
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befor.e. Overttme, new, adapted cropping patterns arose, but they arose amidst

the lack of support services and research knowledge about how to grow 'mixed

stands of cotton, pigeon peas, sorghum and sunflower. Only the most htghly

&tress tolerant patterns sur:vtved.

The overIidtng constraint in Machakos is rainfall and its timing. Yields are

only mmtmally coqelated to fertilization rates, but htghly sensi±ive to planting

dates. Figure 5 supeIimPOSeS the maize growth cycle with average rainfall

patterns. ll: can be seen from the ftgure that each rainfall season is distinct, yet

the extenston recom mendatton allowed seedIDg to occur up through Apr:il. dUIing

the long rains. No wonder farmers seed sorghum, a much hardter crop, along

with the maize if they actually plant t.hat late. Moreover, there should be no

surprise if farmers do not ferttlize after March 15.

A second observation can be made with regard to spanning or brtdgmg the

dry season. '!he farmers in the regi:on only bri.dge during the January-February
I

dry season, quite correctly, because of the htgh incidence of intermD±ant rams.

ll: was also detected that if the intermittant rains in February dtd not occur, the

long rains would be shorter and dryer, suggesting the need for sorghum rather

than maize.l/ Cotton and pigeon peas were often seeded in October and

harvested in June or JUly. These crops were dry-planted in October in the same

fields with maize because, as rna)' be seen in Figure 5, there rarely were false

starts for the rains during that season. If dry planting were done in February,

more than likely a false start would occur, that is, germination col..l1d take place

and then it could go dry before the sustained rains would set In.

]j stewart, using data from Machakos, has shown that total rainfall can be

pr:edtcted with the measurement of the date of onset of the rains and the fiIst

thirty days of rainfall, hence, gtvfug an accurate technique for ded:dtng whether

to fert:tli:.ze with stde-dres;tng, plant sorghum as an alternative, and/or thin the

crop down to one S+-..alk. Ian stewart, 1983, Rainfall Cn.l:ena to Enable Response
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These cropPng systems are presented to illustrate the complexity of the.
pattern, how crops are planted to fit within the ram cycles, how severai crops

are produced within the same field, sharing sal fertili.ty, motsture and labor, and

how the pattern attempts to spread the risks over time and with Cl"ops wtth

dtfferent levels of susceptiJ::tlity to dtsease, fungus and pests.

The area of Machakos is famous for its development of the Katumant maize

&..~. The co mpa:i.te, short-season vaIiety of only 115 days fits in perfectly to

the short-r'ams season in October. Curiously enough, rainfall accu mulated

denstty funct::tons show that the probal:::t1tty of the amount of rain for both the

long and short rains are equal; it is the timing and duration of these which

distinguishes them. In fact, it is questionable whether the correct translation of

the Kamba words for the rains is actually long and short. These words-were

probably asstgned by calontal researchers at the Katumant Research station

Their words more than likely referred to the ·secure· versus the "insecure· rains..
I

Research in the Machakos area revealed yet another curious phenomena.

The colonialists and donors, up to the mi.d-70's, were ovedy concerned w!.th sheet

eroston in the lower altitude regions, whtch appeared to increase as crop~g

intensified. To combat the eroston, they introduced bench terradng. The

tradi±ional system of women's work groups was easily encouraged (or coerced)

into dtggtng the terraces. One stp:Vey found that only eight farm ers out of 100

did not terrace (and some of them were on tops of knolls or in valley bottoms

where it was not needed)
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and they indicated that the reason for terracmg was not to save the soil but to

retain masture. Jhdeed, well into the dry season some beans and sunflowers

were still ripe for harvest:. ]f yield is correlated to rainfall, as shown in Figure 6,

bench terrac:tng can serve to shift the functi:on to the left in its lower reaches, as

descti.bed by the dot':ed line. Similarly, any of a number of supplementary

Irrtgation techntqu(~Scan peIform the same function, even including wateting the

plants wtth buckets or watering cans, which is done for seed germination of

carrots:in Jamaica.

All of this cr.op mixing and water management is done to increase total

output from the land per year, and to avoid inhibi.ting constraints. Rtsksare

stread among crops and overtime and labor utili:zat:ton is distIibuted more evenly

throughout the year. However, d:t.st::tibut3ng labor throughout the year is qutte

complicated because labor profiles differ for each crop. Rice requires relatively
I

equal amounts of labor for each cull:ivati.on practice in the Philippines. In

contrast, unmechanized rainfed maize uses the most labor at seeding and

weeding time. Potatoes and vegetables require more labor at harvest to avoid

rotting when maturity is reached. Figures 7a and 7b present two labor profiles,

one for ri.ce in Southeast AsIa, and one for maize and beans in Kenya.
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The whole question of male-female differences so far has not been
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~ gener~ production function analysts of rainfed slbststence crops in

Kenya and Colombia have shown that the margirlaI. products for labor were below

localagrtcul.tural wage rates ~ee figure 8). Labor margtnal productivrl:ies for

cash croFS were htgher than for subsistence crops but still below the wage rate.

However, when mixed food crops were analyzed, product::tvities were higher than

for the sale stand subsistence crops, but stt1l below cash crops. Wage rate

analysts, though not conc1JJsi:.ve, lends support to the notion that labor

product:tvt1:t.es increase when family supply is limited or when families must hire

or borrow non-family members. Hiring or borrowing labor occurs most

frequently when family labor is not sllffictent to perform the task, or the task is

somewhat sped:.ali.zed. Further, hired or borrowed labor is used more for cash

crops than for food or subststance crops. Family labor seems to be ftdumPed"

into sul:Sstance crops espectall.y for weeding.1I

I

addressed. Jh Kenya, each province or ethntc and Jingutst::tc grouping shows a

different pattern. SOme share tasks equally, others are more male dominated for

cash crops and/or for chemtcal applications or other types of mechanization.

Wag~ rates seem to fallow the degree to whtch one sex dominates the other.

Where task shating is equal, wage rates are qutte stmtlar. Where more sex

differentiation occurs, women rEtcei.ve lower wages}1

1/ Kenneth Swanberg and German Escobar.

2/ Vera T. Joffee
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~ presentation cleady demonstrates how complex labor production

proftles can be. Although macro-analyses of the' African labor force suggests

extremely low productivi:ty rates)! one suspects that much of t..l1e output used in

calculating income per untt of labor at the margin is lost because only marketed

or stored product is measured. Nevertheless, labor appears to be the one input

whose produd:tivtty could be increased and whose current cost is relattvely low.

How could this be done?

Two paints need to be consi:.dered. The fi:rstis that although fertilization

rate correlations with yteld fatl to produce stgntftcant poetttve resu]rs, it would

be mtsleading to suggest that sctl fertilitY and plant nutItents are sufficient.

When fertilizer applications are tested under field and farmel's condtttons, other

constraints may be binding whtch prohibit the plants from responding·to the

fertilization. Gerhart2/ showed that time of planting was the overwhelming

determinant variable in yield analyses in Western Kenya, but he carried out hts
I

study in a htghland area where sctl fertili:ty was not de&::tent. Hence, our

concluston is that semt-ari:d, sub-Saharan cropping systems need numents, but at

no or low-<:ost to the farmers. Most systems whtch can provide low cost

nutItents involve preparation of legume mulches or developing live mulches or

alley cropping wtth leguminous trees. Rodale Pres:; developed a complete

regenerative organtc system for ..Tanzania reported on by Harwood last year.3/

Anothel' way to tmprove fertili:ty depends on manipulating crop-sequencing to

take advantage of crop, ferttltzer and moisture

1( John Me.llor,1985,"Food SD:uation - A CGIAR Perspective" in International

Food Pol:tcy Research Jhst:itute, Annual Revtew, Washington,D.C._

2/ John Gerhart, 1975, "The Diffuei:on of Hybrid Maize in Western Kenya",

ClM MYT, Mence, DF

3/ Richard Harwood, 1984, "Resource-Efficient Farming Systems for Tanzania",
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residues, or yet another involves sharing inputs with mixed cropping techniques.

Figure 9 graphically compares sole stand crops with mixed crops in Kenya.

Analyzing the data dexi.ved from Figure 9, Table I shows that returns to

labo.r can be raised signi.ficantly by using mixed cropping systems. Moreover,

low-cost inputs can also be inco:r:porated into this syste m, which can lead to

signi£i.cant increases in retun'ls to capital. Total labor use and total value output

per hectare also increases, almost doubling for each. One question which ax:ises

is how can labor retun'ls be increased even further?

Even though the mixed cropping syste m spreads labor throughout the year

and does not increase labor de mand for the peak peIiod, improved hand tools,

two-wheel or rotary ploughs, and ''bush whackers" could extend even fUrther the

labor to land ratio during these time peIiods. The latter machine could be used

fpr land clearing after the dJ:y season as welL A key factor in Bradfield's

multiple cropping work in the Philippines was the notion that labor de mand peaks

limited the number of crops which could be grown in one field in a year. By

introducing the small, gas"'1?owered, two-wheel tractor, he was able to reduce the

labor requirements for land preparation, cultivation, and weeding, so that more

rapid change over from one crop to another could take place, significantly

increasing per hectare output. ~ labor beco mes a constraint in mixed farming in

sub-Saharan Afrlca, uniquely tailored mechanizaton and hand tools could be a

first step to relieve these constraints.

With this kind of cropping system in mind, productivi.ti.es could be

increased. Many comhtnations of crops can be tried; there is no limit to what

can be tested. The goal is to employ a constant supply of labor uniformly over

the year to match the labor profile of rice in the Philippines. This kind of

cropping pattern also deals admirably
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with the risk function and environmental stress because Katumani maize does

well in the short season and can be dry-planted. Pigeon peils aud cotton can go

dormant dw::ing the January-Februazy wet-dIy season. All three crops are

sensi.ti.ve to different temperatures, diseases, and pests. Pigeon peas cost little

in inputs and are very drought-tolerant. Wbile cotton requires costly pest

controls, this crop can withstand quite a hit of moisture stress. In fact, it does

wellin dry climates. Maize is more delicate with respect to rainf~ especialiy

dw::ing tasseling, and for this reason is concentrated in areas with more "secure"

rains, the short-rains. By covering the ground for ten months, wind and sheet

erosion is also reduced. All in~ this syste m appears to be extre mely well

suited to Zone IV ecological zones and quite drought~rantin general.lI.

~kandEnvironmentalStre~

Production risk increases when input costs rise unless output variance falls

dramatically. The factors which determine risk levels include mean yields, their

~ce, price variance and input costs. Although man~' econometJ::ic models

have been developed to measure production risks, applications of different

mode1s rarely lead to different conclusions2/. And

1/ Inn:is has done a simnar job explaining the adaptability of trad1:t:lDnal

:int:.ezc%opping systems in West AfJ:ica, drawing heavJly from Norman and Okigbo's

work. Donald Innis.1980, tlMeasm::ing the Superiority of Traditional Agri.cu]j:ural

Methodol.ocjiesin Northun Niqerl.atl, state Uuivemity College, Geneseo, N. Y.

2/ A recent study of rice farmem:in the PhWppines b:i.es to show that ra:ln-fed

J:ke farmem are no leE J:isk-neutral than imqated rice farmem, a premise held

by Roumasset [1975]. When stress:is tolerahle (potatoes in Caqueza), farmers

respond in J:isk-neutralfasbion. When risks are excesl.ve, they xeact much mo!"e

conservat:1vely. In Caqu.eza,~ was shown that farm em accept risks according to

their weBWllevels, a sm:roqate for risk absoqrt:lon. The gxeater the risk and the

lower the wedh levels, leads to the observance of h:1qher risk avoidance

response. Unfortunately, the xeferenced artk::le deals vi:th Asia, not AfJ:ica.



.. Sq ..

M. AE'JoNs

-
[ Short Rains 1 (. I.onq Rains ]

r-
Pul~~l'r- ,

"" ,
tvl/1.Gk ,,-kt,S I k"

,.. ,. I""

H
~ ,.. :.or-

r-
~

~
,..

l- I"' I-
!-

:- :-,.. r-
I-

.~ I-m
~

~1-:-

I

I
, I

~~.....ft.-fl._-
I I

I,":'.-1"'" I I i , I .

Weekly
~all

(in JIlL)

20

30

40

so

10

&,lor ltd.,,}
zo

LeA-bo·.... rroi,'''e ~ 15

5S wOIKoa'lS

~O -..Jo,.'ldo.~<,

16() IA3fr 1cJ«'1'>
<f 5 tP.t' letit:l 'f S

,. -,
I I

/0
S

'2. $~CLs."" ~
of

fV1 40" Z. e

's
ill

5
1$ 0 lA6,KcJ,,, ..

~ 0 /,AJOt!<,ch," i

j j\'o.;1.t I Pl~eoll'.

Pe4 S 't Co tfo"

z~

,S"
/0

__~-4-"""..J-.L~..J..-..L.-~...I...._L..f_Rj...J...--L.t=i_-J..'--i,T=::J_-·...L.··-.L.b_--J..'_U t=Eti
do'lS lA"t'td.ot .~~

IS$"' WDI.~<Jet ""



-61-

when Ji,sks, however measured, are hiqh for new technologies, their adoption and

ut:ilizat:i.on will only occur when addU::l.onalinterventions are introduced to absorb

or "bufferllll / their impact. This can be done in many ways. Application or

retention of moisture reduces output vaxiance and increases mean yield. P1:1ce

con1;:rals stabili.ze market pJ:1ces. Input subsidies reduce production costs. The

" most com mon dsk analyses consider a safety""fimt type mean-vaxiance model.

This involves lookinq at the proba~of assw:inq some minim um output level or

acceptinq a minimum loss rate and compa.x:l.nq mean-vaxiance tradeoffs.

Generally speakinq, once subsistence is assured, adoption will occUr on crops

wjj:h yields hiqher than trad:ii:1.onal crops as lonq as vcu:iance !'e mains constant, or

adoption will be greater for technologies w~ low vcu:iance. However, when both

yields and vcu:iance chanqe radically, response functions are hard to predict.

Nevertheless, it can be said that interventions or technologies which reduce

vrnance or quarantee output or inc0 mes normally qenerate hiqh \l,t:iJization

rates. Cost reducinq programs such as subsidized credit are less successful

because crop losses may be of such maqni.tude that no earninqs are available for

even partial paybacks. P%:ic:e subsidies meet the same fate.

When climate chanqes dramat:ic:ally from season to season environmental

stress becomes a major factor inhibii:inq technology qeneration and utilization.

Rainfall, te mperature, and pest and disease incidence are closely co%related, but

manifest themselves and affect production output in different ways.

2/ Hubert Zandstra, Kenneth Swanberq,~ al., .2R,• .£!!-, p. _
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E?Ccessive rain in a short time perlod can cause gulleying or rotting, and

drought can starve the plants. Any intervention which can control water

management can dramatically reduce production vaIiance. Terracing, tie-Ddges

and catchments can retain mr:isturei water furrows, small earth dams,

sub-:sw=face dams, and water harvesting techniques can provide water for trlckle

i.rI::i.gation. Windmills can pump wa'ter from lakes, wells and streams. However,

full scale .1nigation sche mes have beco me costly, often silting up too rapidly, and

creating healrh hazards. Without high output ptices, in:igation schemes can

rarely support investment costs in spite of their mean-vaIiance reducing

advantages. One exception may be Ruthenberg's suggestion of valley bottom

development with sub-suIface, earthen dams.

But just as variation in the physical environment requires control, the

variation in service delivery systems needs to be managed•• If the mean output

Of a service is the delivery of an input or knowledge imparted by an extension

agent on a farm visit, the timeliness or the lack of regu1al::lty of such services

can affect farmers in the same way as the reliability of rainfall. In the

technology utilization formula the assurance of the delivery sche mes' schedules

may be much more important than the quantfr.y of inputs delivered, their ptice or

the basic knowledge transmitted. When a pest, disease or weed outbreak occurs,

im mediate care is required. The-absence of extension agents at such tim es can

ctit:i.cally affec;t the viability of new technology introductions regardless of how

high potential yield expectations may be. Environmenb~stress includes

institutional vaIiance, as well as physical vaIiance. :rnstitutional stress refers to

the manipulation of prices and price inform ation and the timing and quantity of

services delivered. The greater the vaIiance of expectations the greater the

stress. Technology develop ment itself, then, must build in minim al tolerance

levels, or design buffer institutions to reduce such stress.
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The Pattern of Jnst:i.tutionallhnovation

In the two previous sections we talked mainly about bio1;>hysi.cal

constraints-iand, climate, inputs and environmental stress. Labor and capit.al

were also mentioned, but more in terms of their quantity rather than the

organizational structure which provides for their access. But just as bio-physical

constraints can prohibit technological utilization so can socio-econo mic

constraints, in the form of .i.nst:it;utional structure and pezform ance, limit the use

of existing, .potentially high-yiel.ding technologies. In the book Caqueza-Living

Rural Development 1/, the concept of "buffer inst:ituti.ons" was introduc:ed, which

is "an expression which attempts to catch the essence of the dynamic abso%ptive

nature of the new transitional [adaptive] i.n.stibrt:ions being created." Although

the term "buffer i.nsii:it:ution" has been severely ctiti.cized since the book was

published, the desctiption of the need for adapting inst:it;utions just as

I
technoloq:l.es require adaptatatton is perhaps even more appropIiate now for

introducing new technologies in semi-arid sub-Saharan Africa then it was for

Colo mbia and Latin A metica a decade ago.

"The concept of buffer institutions may be illustrated by referring to

the generation of agticulblral technology. Researchers seldom can

identify techniques leading to substanti.alproduct:i.on improvements

while operating entirely within the limitations of the small farmer.

Generally, the rate of production increase is related to the extent to

which the researcher moves beyond these limitations. This

1/ Herbert Zandstra, Kenneth Swanberg, et. aJ., op. cit.
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process] forces agri.cu]J:ural researchers to decide for which

level of instti:utional support their technologies are to be

form ulated If the researcher introduces a technology which de mands

changes in the institutuional support system, the aPPrOach is

"interventionist". If the technology design falls completely within

existing resource endo w ments and institutional supports, the process

is labeled "submissive".".

The book goes on to analyze the adoption of a ne w technology and suggests

that allY new technology willrequire more of some input. If the existing

institutional support sYste m does not currently provide access for the

increase required, either adoption and utilization will stagnate, or changes

will have to be introduced. This process can be simulated as shown in the

diagra m on the next page.

1/ Hubert Zandstra, Kenneth Swanberg, Ope cit. p.
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T?e diagram shows that when the requirements of the technology are

greater than the environmental limitations or endowments, a constraint arises.

Either an expansion of the limitations (interventionist approach) or a reduction in

the requirements (submissive approach) is necessary for com munication and

ado~nto procede. The top of the diagram shows that technologies can either

be transferred internationally (such as seed stock, fertilizers, pesticides or

equipment) or developed nationally (typically cropping pattems, disease

resistence, fertilization rates, or equ:,pment). In the same way, in.st:ii:utional

designs can be imported or developed locally.

In Figure 3, we showed that technologies must be introduced in an iterative

process, so that each "newll'technologi.cal component or characteIistic fits within

the context of market prices for inputs and outputs given technical and cultural

response rates. Perhaps inst:i:tutional reform and evolution must follo w the sa me

ap:ernataive path. Unfortunately, development schemes supported by the donor

com munity, especially the Woz:l.d Bank and USAID, have followed the ''transfer"

process rather than the evolutionary or iterative, adaptive strategy. Esman

refers to this process as the activities of expatriate speci.aJists exporting their

own familiar organizational models.

The transfer of i.:n.st::iOltional form s began during the early colonial period,

. and continued throughout the poa1:-W oz:l.d War]I peIiod in Japan, t.'1e Philippines,

Latin Am erl.ca and in A£rl.ca by the form ulation of imported i.n.stiJ:utions deallng

w:u:h public administration, parent~acherorganizations, highway departments,

4-H
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clubs, and agricultural extension1/. Prior to the U.S. influence, the European

powers introduced the single crop research inst:i1:utes and marketing boards,

usually for high-valued expore-or:l.ented crops- Many of these organizations

remain today. However, the U.S. ttied to export a d:i£ferent model based on

what was successful at ho me and spurred on by the post-World War n euphoria of

Truman's Administration, atte mpting to transfer "Yankee know-how". The

principal characteristics of the extension system were training and

demonstration of better agrl.cultural techniques. The key was education and

co m muni.cation. Also, prl.or to Worid War II, supervised credit was added to the

organizational mix in the U.S•• Low-lnterestloans were part of the New Deal

efforts to save the family farm. When the Food Security Administration was

eventually subsumed by the US D A, low-lnterest loans to marginal farmers lost

support. Nevertheless, this same program sw:faced as a major element in donor

projects during the 60'So

rA the early 60's, the value of straight extension came under question. In

the U.S., the land grant system of research, training and extension, all housed in

one organization, was viewed as the more viable approach. Severalland-grant

type institutions emerged in developing countties as a result. Although t.he land

grant model originally did well in terms of providing a framework for l'.)cal

research, testing and adaptation of new technologies rather than a si.mple

"short""'term transfer of known practices and methods," it failed in its assumption

about the farming environment. In the U.S.,

1/ M.llion Esman,1983,"Research and Development Organizations: A

Reevaluation", in W.F. Whyte and D. Boynton, eds., Higher-Yielding Human

Systems fox: Agriculture, Ithaca, New York: Cornell Unive:rs:i±y Press. L,.ma,.-
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cllen~armers of the land grant syste m had access to market inform ation, easy

cre<ill:, pJ:l.ce supports, crop insurance, market orders, transportation, futures,

mortgages for equipment (based on a functioning land market) and much more.

All of these conditions were absent in the developing countries. Unless these

elements were included in the package, their absence served to prohibit rapid

agti.cultural change.

What emerges fro m this analysis is that institutional forms, just like

agti.cultural technologies, must be adapted to local conditions. "Cheap" human

resources can be created by mearu:; of reorganization and changes in the rules of

the ga mewhich can then be substituted for inst:i.tutional inputs facing inelastic

supply. Credit based on land titles provides nothing when cadastral surveys have

not been processed or lands are co m munally 0 wned. Mortgages must shift to

annual crops or livestock instead of value-less land. The concept of "buffer

institutions" comes back into the picture.
I

As technologies are designed, considerations must be made for their

institutional require ments, and institutions responsi.ve to those require ments

must be designed and adapted to local conditions based on a thorough

understanding of local laws, customs, cultural heritage and
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humar;t. resource endowments. Also, as the production mix shiifts from

subsistence to market orientation, the array of de mand for support services

changes accordingly. figure 11 captures the essence of this process as it fallows

1/the shape of a typical adoption curve- •

When farmers raise subsistence crops for home consumption, lit:t.l.e

information is demanded on p:ri.ces and sources of credit or any other support

activities. Although few farmers produce exclusively for home consumption, the

degree to which the mat:ri.x of support activities has developed depends, to a

large extent, on how much of their output hits the market. Darlymple has

claimed that if less than 50 % of farm output is sold, the farm ers are considered

subsistence farmers. This classification may be totally arbitrmy, but

nevertheless, minor market part:i.cipation of the "subsistence" farmer·does not

draw as heavily on the vazied support activities that a dynamic totally

com mercial agIiculture requires. What is not known, though, is what comes
I

fi.%st--i:he provision or delivery of the whole set of support services, or the

increased outl.,/ut. Certainly the lc:.ck of services constrains output and it can be

shown that services cannot be offe:~edif output is minim al because the value

added for small volumes could not justify the costs for the services. But there

must be a way to order the kind of services needed along an evolutionary path

which coincides with the eme~gtechnologies so as to create just enough

1/ Kenneth Swanberg, 1982, "Institutional Evolution: From Pilot Project to

National Development Program-Puebla and Caqueza", flIrD Development

Discussion Paper No. 132, Harvard University, Cambridge.
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incen~ve to spur on the adoption process. The problem which needs to be

addressed by research is that of how to identify this set of institutional supports

and the tim e schedule they require for develop ment. Research in se mi-ad.d

sub-Saharan Afrlca using this framework must be carIied out on the correlatiDns

bet~een technology change and institutional supports.

Imagine, if you will, an economy with land sw:plus held in com mon by ethnic

groups, with complex rules and regulations regarding tights to use and transfer.

Technologies which change the values of those lands but fail to touch on the land

transfer or payment issues for those improve ments w.ill never achieve high

adoption, unless the impact of the technologies are so great as to induce the

required .i.nst:i.tutional changes.

Expenditures for bench terracing to control erosion and reduce mOisture loss

w.ill be less forthco ming if hereditary rules pass the land on auto matically to

9ther famlly or clan members whenever the famlly head dies. Until some kind of

land market or land tJ:"ade system evolves, the farmers efforts to improve the

basic stock of land will be limited. Resistance to technological innovations will

occur in situations wl'tich deal with water control techniques such as access to

water from small earth dams or subsurlace dams by trenching, water harvesting

in the stream basins, or valley bottom water table manipulation, if

compensations in land tights are.not included. Without these i.nstii:utional

changes to create the assurance of constant moisture at ctitical growing peIiods,

the adoption of expensive seeds, chemicaJs, and fertilizers will be avoided.
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T.he key inst:::i.tutional issues for se mi-arl.d sub-Saharan Africa as they affect

technological change and utilization have not, as yet, been identified. But let us

look at the relationships between technological and in.st:;jj:uti,onal changes. Just

a.c; inelast::i.c supply of land induces technological innovations which maximize

labor use, constraints on land acreage also induce in.st:;jj:uti,onal changes with

regard to property tights. SimllaJ:::ly,.i£ labor is expensive relative to land,

technoloc;i.es will concentrate on mechanization or capital substitutions for labor,

and inst:::i.tutional changes will. be ones which give greater definition to labor

obligations and the workers' control over work cond:i.t:ions, iee., less servitude or

1/
slave:ry, and more equality among sex and age groups.- When the technological

change is less dramatic as we have suggested for semi-aIid sub-Saharan Afrlca

compared to Asia, perhaps the institutional changes will need to be more spread

out over a whole range of institutional support functions and mechanisms.

Moreover, with capital and purchased inputs facing inelastic supply schedules,
I

new in.st:;jj:uti,onal form s will. be required which reduce the cost of marketing or

disb:ibuting inputs to farm ers, or spread input supply over the multiple cropping

season, or finance more varied sets of inputs including hired labor throughout the

year rather than for any particular rainy season. Of course, without the

appropriate institutional changes, farmers will shy away from the technological

innovations. So i£ the technolog:i,cal changes

1/Vernon Ruttan, 1985, op.c:iI:.
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.

move iteratively along the meta-productl,on expansion path, it could be that.
instit.uti.onal changes also need to be iterative and sim ultaneous, corresponding to

the spec:1f:l.c technological needs along that same path. Expenence has shown

that, as new technolo¢es become available and increase production potential,

existing institutional arrangements can become con'traints to the.i.r use. But as

soon as appropriate instttutional mod:i£i.cation occurs, ne w technological

adjustments and adaptation will be required in order to keep the flow going. The

use of this model will perhaps give guidance to researchers in Africa who are

currently groping with the design of the proper matrix of technologies and

i.nsti:tutions which are needed to increase technology utilization and leverage

more rapid agricultural growth rates. D:is certain that no one set of

instit.uti.onal reforms will be appropriate across the continent. Each set of

institutional reforms must be tailored to local factor and cultural endow menta,

but it is postulated that a given set of .inst:iJ:utional functions must be designed
I

for each environmental strata. If any particular function required by the newly

iterated technology is not provided or delivered, its absence could be the cause

for the lack of technology adoption and the advance of agticultural growth. A

list of these cri.ti.calfunctions could, presumably, be developed from field

surveys. The design of institutional reform sand experimental field trlals would

then have to be carned out. PasJ:: research would indicate that the principal
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fun~nscould include one or more of the fallowjng: control over labor

exchange and payment, the generation and supply of techni.calinformation, the

supply of 10w-cost inputs, the control and financing of water conservation

systems, production and market risk alleviation devices, and the financing of

entexprlse m:ixtur~. with debt roll-over schemes to handle potential droughts.

Since not much has been researched in this area, tJ:ial and enor approaches under

field conditions may have to be implemented and tested. The challenge, though

enormous, also becomes intI:iguing.

Chapter VI

Conclusion: A Statregy for Improving Agticultural Output

in the Short-Run: Food for AfIica

The Hayami/Ruttan induced technoJ.ogical change model of development

shows how the "Green Revolution" evolved in Asia. n: identifies the conditions
I

that were required for stimulating investments in the agticultural research

irt.stU:utions which developed the "miracle" va.rleti.es. Historl.cal analysis of i-.he

u.S., Japan, and Europe, highlighted the fact that those countJ::i.es developed

technoJ.ogies which substituted readily available cheap resources for inaccessible

expensive inputs, for use on com modi.ties with high demand. When these

conditions existed, resources wefe devoted to improving these technologies, and

institutional responses were also induced to reinforce the research and the

resulting production patterns. Their insight went on to demonstrate that because
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con~nssimilar to those found in the U.S., Japan, and Europe also appeared in

Asia, an identical strategy was succe~ and in fact, occurred quite rapidly due

to the efforts resuli::ing from heavy investments made in research i.nst:itut:I.ons

devoted to developing precisely this type of technology, namely, high-y.i.eld1ng

feJ:1?lizer responsive Iice and wheat varl.eties- Where the conditions were not

similar, such as in Mexico and. Latin Am eIican, these kind of results failed to

matetialize even though the same kind of research investments were made. One

can deduce, then, that resource and cultural endow ments coupL~d with the level

of dem::.nd for outputs determines the strategic path that technology

development and institutional supports need to take. When the ratio of the pIice

of the input substitute and the product price js not dra mati.cally small, as it was

in Japan and Asia, harboring expectations of "miracle breakthroughs"' are

ill-advised and perhaps counterproductive. Economies without the conditions

specified above cannot justify nor sustain such research. Instead, an al.ternataive

approach is needed for moving out the hypothetical production function

expans:l.on path of all possible technological co mbinations. The jump fro m a

strategy of low input levels with low output expectations and low vaIiances to

the opposir.e extreme, especially in the absence of clear cut opportunities for

cheap resource substitutions, becomes virtually impossible. Such si.:tuations,

instead, dictate an iterative, sta(O:cato approach of technology generation and

adoption.
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~ Chapter IV: the situation in AfIica was deSCl:i.bed as one with (1) low

product demand at current prices or with existing pIice policies, (2) cap:iJ:al and

cash for chemicalfeItilizers as the expensive input facing inelastic supply, (3)

labor as the relataively cheap input but only at certain seasonally determined

petipds, and (4) an entire system permeated by intensive risk pattems, both in

biophysical as well as socioeconomic terms. The strategic path which needs to

be followed given these conditions is one which induces institutional changes in

order to expand use of required inputs in existing production relationships and

then to initiate research to move out the expansion path by changing seeding

dates, developing better mixed cropping techniques, and designing low-cost

nutI:i.ent supply systems along with pest management and control techniques.

All of these input manipulations would lead to increases in labor use during

non-peak de mand pexiods, thereby generating higher labor Productivity rates.

gecondly, institutional forms <:infrastructure, policies or support organizations)

need to be modified towards a greater ability to manage lisle, to get a handle on

the bio-physical vaJ:iance through the study and introduction of cropping patterns

and crop combinations which are drought~rantor drought-avoiding_ Risk also

appears in the institutional realm in terms of a whole set of policies which affect

a) pIice vaIiation or stability, b) input controls, and their pxices and delivery

schedules, and c) expli.c::ii: or implilci.t taxation on outputs. ExpeIimentation with

different organizational forms and adaptation to local environments and

co m mwUi:i.es are needed for induced i..nst±tutional changes:in AfI:i.ca just as this

process is required for on~arm adaptation of
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technalog:i.calpackages. There is an urgent need'to apply this model of Hayami

and Ruttan to several Afd.can count:zies. A process must be init::Lated to identify

existing production reJa.tionships and productivity rates, to record local de mand

schedules, and to describe current institutional support structures. Subsequently,

promising new technologies and corresponding inst:ibIti.onal adjustments must be

tested and evaluated. Once new possfbil1t1es emerge, com municatl.on to farmers

and poJicymakers must take place in order for implementation to occur. :0: is

felt that with the use of this model. qreatinroads can be made towards the design

of new development programs which willimprove technology utilization rates in

semi-atid, sub-Elaharan Afl::l.ca in the im mediate future.
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Table I. Budget Analyses of Sole Stand, Mixed Crops and Relay Crops

=====a=-=_=-=============_.=====_=======u=======a==============_=_======
(x 2 seasons)

Sole Stand, Maize

Y~eld (kg/ha.)

Price (U.S. $)

Value (U.S. $)

Labor (workdays)

Returns to Labor

Traditional
System

(875 x.7~!)2 = 1225

$.94Y

(823 x.7)2 = 1152

SO )2 = 100

= 777

Improved
System

(250Ox.~) = 3000

$.94

(2350 x.6)2 ~ 2820

{ 80 )2 = 160

= 5.13

=============--=======--========~==============~=========================

*/ adjusted for rainfall variation, drawn from interpolation of figure
6.

1/ all prices are Kenyan prices, 1980.

============================--==---===========;:========--================

Mixed Crops !Y Maize Pigeon Peas Cotton Total Values

'l1l:aditiona1

Yield (kg/ha. ) 575 250 270

Price (U.S. $) .94 1.89 3.20

Value (U.S. $) 575 472 864 1911

Labor (workdays) 50 30 80 160

Returns to Labor 7.77 8.58

============================a==a========================================
Improved

Yield 1500 625 800

Price .94 1.89 3.20

Value 1410 1181 2560 5151

Labor 70 55 120 245

Return to Labor 980

==,--m=.=-==~===~========--==============================================

Data Source: Kenneth Swanberg, £E. cit., p.20


