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CHALLENGFS FOR CREATING AND SUSTAINING A GREEN REVOLUTION IN AFRICA

A INTRODUCTION

A 1 Purpose

Green Revolution (GR) ongmally meant development and WIdespread and rapid adoption of

fertl1lZer-responslve trnproved vanetles of nee/wheat Smee the 19605 Its meanmg has broadened to

enhanced agrIcultural productIVIty through mcreased use of (a) new seed varIetIes, (b) non-seed mputs

(fertlllZer, IrrIgatIon, herbICIde, pestiCIde), (c) technOlOgIes that employ them, and (d) capacity to manage

these technIques Our shorthand for (a)-(d) IS 'GR components'

AfrIcan farmers use very few GR components compared to AsIan farmers, WIth a few notable

exceptIons of places and crops where GR has occurred ill AfrIca (dIscussed ill sectIon B) GR has

bypassed the agrocltrnatlcally-unfavored zones (arId and parts of the seDll-and zone) of Afuca as It dId

m ASia (Barker and Chapman, 1990) But GR also has generally bypassed the agrocllmauca1ly-favored

zones (the humId trOpICS, the tropIcal hIghlands, the gumean belt of the semI-and zone)

But there IS a pressmg need to mcrease agncultural productIVity and output m Atnca, and to do

that sustamably The challenge for pohcymakers IS to make POhCles and mvestments that encourage and

enable farmers to adopt GR components and to make accompanymg farm and v111age-Ievel mvestments

that sustam the prodUctIVIty Increases The challenge for agricultural researchers IS to pursue research

strategies that lead to the creation of GR components that are attractive to and adoptable by farmers

To make these polICies and form these research strategIes, we contend that pohcymakers and

agncultural researchers need to ask the foUowmg questions, from the farm household perspectIve

(1) Are the new GR components attractIve to and adoptable by farmers? Are farmers Willing and

able to make needed complementary investments? Are the new components more attraeuve to farmers

than theIr current crop technologies? Are they more attractive than mvestment In livestock husbandry and



non-agnculture?

(n) Do the "local condItions" facmg farmers (pnces, agroclunatIc conditions, hard mfrastrueture,

support InstitutiOns such as extension and seed compantes) favor the adoption of the components?

The mam goal of the paper IS to present a framework to guide researchers and pohcymakers to

thmk about (i) and (n) 10 the Afncan context 1

Our message IS that a close exammatIon of the constramts and local conditIons farmers face, and

the strategies they employ 10 the face of them, wIll unprove research strategies to promote a sustainable

Green RevolutIon 10 AfrIca We advocate a twofold analytIcal perspectIve on adoption - a household

economy perspectIve that mcorporates chOIces wlthm the farmmg system, and between agncultural and

non-eroppmg chOIces, and a food systems perspectIve that takes moo account constramts 10 the dIstnbutIon

and demand for the product, and 10 support systems such as extensIOn, seed compantes, and so on, that

faCIlItate productIon and marketIng

The household perspectIve mcorporates thIS systems perspectIve, lookmg at the potenttal for

adoption of GR components from the honzontal and vertical vIewpomts The household economy IS the

focal pomt of mteraettng forces - pohCles, local conditions, avaIlabIlity of technologies generated by

research InstitutiOns, and agroclunauc conditions To see how these relate. and what therr relation implIes

for design of technologies and mcentIve measures and lDStItutlOns, IS our goal

A 2 Approach and Conceptual Framework

A Green Revolution may be conceptualIZed as a three-stage process (I) create, (n) adopt, (m)

sustam

(1) The creation of GR components lDvolves agrIculture research A CruCial first Issue IS how to

~T

1 We put less emphasiS on alternatives open to pohcymakers to alter local COndItions, thiS, and an
assessment of pohcles to promote better functlomng of the food system fomung the context for the
household's chOIces, IS the focus of the paper by Staatz et al for thiS conference
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orgamze and sustam research mstltutIOns, but that IS not treated 10 thiS paper due to space constramts 2

A second Issue IS what research strategIes to use - what crop nux, what characterIstIcs of variable

and capital lOputs, what zones and types of farmer to focus on, what mIX of yield level and stabilIty to

breed for, and so on The paper offers prIncipals or perspectives to guide the chOiCes

(11) The Issue of adoption of GR components can be seen m a household mvestment functIon

framework The conditIOns that encourage and enable adoption are the two sets of arguments lo the

functIon (a) lOcentlve to lOvest (the mean and VarIance of return on the lOvestment), and (b) capacIty (or

constramts thereon) to lOvest (avaIlablhty of own hqUldIty, credIt, knowledge, and complementary

mfrastrueture, lOcludlOg extensIon support, mput avaIlabilIty, and access to product markets)

In tum, agrIcultural researchers, pohcymakers, and pnvate compames lo the food system (e g

seed compames) affect the lOcentIves and capaCIty of farmers to lOvest by therr mfluence on the desIgn

of the components farmers use, and on the local condItIons (e g pnces, mfrastructure, support systems)

that affect the farmers t mcentIve and capacity to make these lOvestments These technology desIgn and

polley mfluences, lo mteractlon WIth structural factors such as variable ramfall, can and often do create

condItIOns that spur households to choose general strategIes that hmlt adoptIon of components of GR We

thInk agncultural research mstltutlons often Ignore these conditIOns, apparently assummg that the

appropnate conditions are present, when lDStead they often are at the center of non-adoption or

disadoption

(lll) Issues related to sustammg a GR cover several domains

A first Issue IS how to conserve/protect the resource base so that productIVIty mcreases are not

undermmed by nutrient loss and degradation over tIme, a key focus of part D of thiS paper The Issue

2 There IS much controversy about how to orgarnze, to finance, and to sustam research, extension,
and production/distribution of lOputs lo a way that wtll put appropnate GR components at the disposal
of fanners We wtll not tackle these ISSUes lo thiS paper (see e g Matlon 1989, Eicher 1992, Lipton
1989)
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we address IS whether adoptIonlmvestment ISsues m the sustamabIhty domam differ substantially from

those related to 'traditIOnal' GR components

A second ISSue IS how to SustaIn the lDStltutlOnal/support and mfrastruetural base to support long

term productivity mcreases3

A 3 Oq~arnzatlon of the paper

The paper IS orgamzed m four SectIons as follows

(1) Before we can dISCUSS constramts to adopnonlmvestment and sustaIn11lg a GR, we need to

mventory the extent of GR m AfrIca - where has adoptIOn occurred, m what crops, under what

condItiOns, what IS on the shelf that could be adopted, what has been offered to farmers but not adopted,

what has been adopted but later dISadopted

(2) We then dISCUSS constraInts to adoption from the household's perspectIve, both from the

perspective of the household economy/farmmg system, and the food system

(3) We then dISCUSS how a GR once adopted can be SustaIned - how the resource base can be

SUStained through conservation mvestments

(4) We conclude by recommendmg ways that the research communIty can mcorporate the

honzontal and vertIcal elements of the household perspectIve m the design of appropnate strategIes for

promotion of a sustamable Green RevolutIon m Africa

B. INVENTORY OF GREEN REVOLUTION IN AFRICA

B 1 General Record and EvolutIon

Farm-level adoptIon of GR components has m general a poor record m Sub-Saharan Africa

FertulZer use IS only 9 kglha compared to 583 kgslha m all deve10pmg countries m 1985 (Bumb 1988)

PestICide and herbICide use IS even lower Only a very small portIon of cultIvable land IS lITIgated

:3 A CruCial Issue but one not exammed m thiS paper due to space constramts, see Eicher 1989

4
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The proportIon of farmers plantmg Improved seeds IS on average low but vanes greatly by crop,

WIth notable successes (descnbed more below) m hybnd maIZe In eastern and southern Africa, cotton In

West AfrIca, potatoes In east Africa, and traditional export crops such as coffee and cocoa m west and

east AfrIca, but llIrnted success m diffusmg Improved vaneties of other major food crops, especIally roots

and tubers, ml1let, and sorghum

Before the 1970's, African agricultural research focused narrowly on cash/export crops to the

neglect of food crops In response to the world food cnses of the early 19705, there was a SWItch of

emphasIS m the 19705 and 19805 from export to food crops, WIth a focus on a couple crops (Spencer

1985)

B 2 CommodIty successes and faIlures

For maIZe, Improved technIques for mcreasmg farm-level productIVIty are avaIlable and perhaps

most WIdely adopted by farmers Improved varIeties have been released for almost every agrochmatlc

zone m whIch maIZe can be grown characterIStIcs dIffer somewhat accordmg to the bIOtiC and abiotIC

stresses of the ambIent enVIronment and farmer needs With over 300 vaneties released smce 1966 10

Africa, the number of varietal chOICes avaIlable to African farmers IS eqUivalent to that for farmers 10

other developIng regIOns Less work has been done on agronomIc recommendatIons, With many

recommendations lDSufficIently taIlored to mdlvldual farm conditiOns (Byerlee, 1992)

HybrId maIZe had great success m ZImbabwe and Kenya m the 1960's, and m MalaWI, Zambia,

NIgena, and Ghana m the 19805-19905 In Kenya, 65 percent of farmers now use hybnd varietIes

(Byerlee and HeIsey) currently recommended varIetIes yIeld 2-3 times more than tradItIonal varIeties on

farm fields

In MalaWI, the maIZe sector was domg poorly untll recently In the 1980's, the domlOant,

unproved vanetles were dents WIth less desIrable storage, ptOCesSlOg and/or taste charactenstlcs than the

local, flmty varIeties In 1986 the MalaWI maIZe research team embarked on an effort to develop a hIgh-

5
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yleldmg, flmty vanety, and succeeded With the release of MH17 and MH18 m 1991 The yield

advantages ofhybnds over local vanetles m on-farm demonstrations was 48 percent m the "normal" years

of 1990 and 1991, and 77 percent m the drought year of 1992 (Byerlee and HeISey) In part because of

the supenor yIeld performance of the new hybnds m adverse condItIOns, adoption of hybnds has

lDCfeased rapIdly lD the past two years

Matze has also done well m the Gumean semt-and zone of Northern Nigena, where the

mtrodUCtlon of the TZB varIety prOVIded a yield advantage of 21 - 115 percent m farmer fields, With

maturatIon about 1/2 months earlIer than sorghum Due to the mcreased YIeld and profitabilIty of TZB,

the number of VIllages growmg matze as a major food crop tnpled from the 19705 to 1989, and the

number growmg It as a major cash crop went from few to 70 percent over the same penod (Smtth et al ,

forthcommg) MaIZe also has bnght prospects m the Gumean zone of the Sabel (Matton 1990)

In Zunbabwe, hybnd maIZe accounts for 100 % of the maIZe area of commerCIal farmers and

around 90 % of the maIZe area of smallholders In ZambIa, hybnd vanetIes generate average yield

mcreases of 20 % above traditIOnal vanetIes, and are planted on 61 % of matze area (Howard et al )

Large-scale farmers are financmg pnvately-funded research m Ztmbabwe

Smallholder cotton production m Francophone West Africa IS one of the great success stones on

the contment. Much of thiS success IS due of the carefully coordmated research, extensIOn and marketmg

partnerships between French agenCies and AfrIcan governments (Lele et al 1989) But there have been

fatlures to tmprove varIeties qUIckLY enough to compete With Asian exports (e g od palm and cocoa,

see Eicher 1992)

AfrIca IS tmportmg about $600 mtllIon of nce each year, mostly from Asia Rice IS a umque

COmmodity, smce It IS one of the two commodities first generatmg green revolution m Asia, and IS Widely

grown m parts of West Africa But modem varieties have been adopted on a smal~.,per~tage of the total

nce area of AfrIca Most nce IS grown under ramfed COnditlons There are a few examples of adoption

6



J

of new vanetIes and mcreased farm Income due to thiS adoptIOn (AdesIna), although broad-based survey

data are not yet avaIlable Agronomic and water-control recommendations for the nce vanetles are

avadable Current techrnques provide Increased Yields, fertdlZer responsiveness, and abilIty for weed

control The potennal 10crease 10 West African nce output due to these techmques IS 280,000 tons

(Matlon)

Adoption of hybnd sorghum has been unpresslVe In the Gezrra Irflgatlon scheme m Sudan

(Ahmed and Sanders), but other examples of sorghum success are hard to find

New blIght and Wtlt-reslstant potato varIetIes have an adoption rate of nearly 100 percent m

eastern AfrIca, due m large part to the devastation of traditional varIeties by these stresses (Euell)

B 3, Prospects

AvaIlable evtdence IS unclear whether on-shelf technology IS sufficIent to stImulate green

revolutIOns, even If accompanyIng components are 10 place There are dIsturb10g lDStanCes of dIsadoptIon

or other causes of dummshed Impact on farm fields For example, the low use of fertdlZer throughout

AfrIca creates WIdespread problems of "declmIng soil fertilIty and IncreasIng sod degradatIon through

nument mmmg" (Byedee, 1992)

The ehmll1atIon of Input SUbSIdIes due to structural adjustment III a number of countries has

JeopardIZed the use of modem techmques and Inputs (e g see Kelly and Delgado 1991 for Senegal) On

the other hand, the fiscal burden of the subSIdIes IS substantial and probably unsustaInable, 17 % of the

government budget In ZambIa was gOIng to maIZe SUbSIdIes untIl they were discontInued III 1992

Moreover, there have been structural and strategIC defiCIenCies In agnculture research that

JeopardIZe future creatIon and adoption of GR components Agncultural research has focused too Intently

on farm productIon, to the neglect of the consumer, even when that consumer IS the farm household

In the worst case, thIS leads to development of Improved techmques which may Increase farm output

when there IS little or no demand for that Increased output, or when the consumer cannot use the output

7
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now turn

that would be needed to accommodate the constraInts It IS to these household level constramts that we

general farm household strategleslbehaVlor regardmg mcome-earmng, croppmg, mvestment, and

when gram Yields are correctedevaluatIon of gram quahty, storabIhty, and small-scale processmg

the farmIng system needs to be addressed

(Tunmer 1992) A narrow focus on a few food crops, m research, as IS often the agenda now, bypasses

The conceptual sequence ofthe determtnatIon ofadoption and mvestment IS as follows (a) Farm-

AfrIcan farmIng systems are more vaned, and number of crops grown greater, than m GR Asia

mvestment, and are sorely needed m AfrIca m the 1990's (EIcher 1992)

Agricultural research m AfrIca has also put the emphasIS on breedmg for high yIelds and less on

~
profitabIlIty, so that the techmques have lIttle unpact on agrIculture or on the welfare of the poor farm !
fanllly For example, It matze breedmg progress have gIven InsuffiCient attentIon to post-harvest

both the varIety of the system, and Important crops that were not selected as the focus The dIverSIty m

for post-harvest losses mcurred 10 small-farm storage and processmg, many available hybrids are found

to be mfenor at low mput levels (Byerlee) ..

There has been InsuffiCIent emphasIS on subregIOnal crop research capaCIty and the human capital

buIldup that should be Its conCOmItant These two elements that were Important m ASIa, WIth decades of

agronomIC and econOmIC constramts to adoptIon, and the necessary alteratIon oftechnology charactenstics

c. ADOPTION CONSTRAINTS FROM THE FARMER'S PERSPECI1VE

level adoptIon of new seeds and mvestment m accompanymg varIable and capital mputs depends on (b)

(d) pohcles The analytical cham can be seen as follows

as pnce nsk, agroclImate such as ramfalilevels and InstabI1It}r), which m turn are partly mfluenced by

consumptIon, which are shaped by household reactIOns to (c) 'local condItIOns (economic structure such

8
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mtermedlate use

9

(d)

<-> POlICIes
and other

(c)
Local
conds

(b)
Household
behavIOr/strategies <- >
(horizontal, across
sectors, vertically,
10 the market system)

(a)
GR components

Adopted <->
and
sustamed

DIagram 1

I What are local conditIons that nnght lead to household strategIes antithetical to GR adoptIon?

2 How do households respond (lo strategylbehavlor, e g mcome and crop dIverSificatIOn) to

Both perspectIves are needed to successfully assess constraInts to sustamable Green Revolution

The followmg two subsectIons address those quesuons

Examples of research on the 'hOrizontal perspective' are found m research on farmmg systems,

Note that the column (b) m the dIagram 1Ocorporates two categones of household behavIOral

household behaVIor (1) the honzontal dunenslon of the household economy, as It operates m multiple

ChOiCes, which 10 turn unpiles that there are two ways or dIrections by WhIch local condItIOns can affect

sectors - croppmg, lIvestock, forestry/gathermg, off-farm enterprises, and wlthm croppmg, across the

crop mIX, (11) the vemcal dunenslOn, of which the household economy IS a part, IS the food system, a

m Africa, and both should be used to address the followmg two sets of questions that are based on the

cham from Input dIStrIbution, to crop produetlon, through crop dlStnbutIon, to final consumptIon or

How do pohCles, or gaps lo polICIes, mfluence these local condlUons?

and on farm household lOcome dlverslfieatton and lOvestment strategies Examples of the 'vertIcal

lOgICal sequence shown lo diagram 1

perspective' are found lo research on commodity subsectors and general eqUIlIbnum models

these local condlt1ons? How can tillS behaVIor threaten adoption of GR?



C.l Local condltlons that constraIn household adopnon of and Investment 10 GR components

Four 10terrelated sets of local condltlons push households to adopt strategies that have Impeded

or would Impeded the spread of GR components. even when and If they are avaIlable

tal HIgh nsklmstabIhty and high transactIon costs

AfrIcan agnculture IS very nsky mamly because of unstable raInfall and pnces Ramfall IS

especIally vanable 10 seIDl-and areas ThIS basIC nsk IS exacerbated by the follow1Og factors

(I) There IS very lIttle Imgatlon at present, major constraInts to large-scale tmgatton mcreases,

but potentIal for mcreases In small-scale trngatton (Matlon and AdesIna 1991) Only about 5 % of the

arable land 10 AfrIca IS irrigated ThIS compares WIth 40 % 10 india and 60 % 10 indonesIa (EIcher 1986)

(n) HIgh transaCtlon costs "bottle up" output supply. caus10g pnces to be determmed 10 thm

markets wlthm zones With unstable ramfall The high transaCtlon costs are due to hIgh transport costs,

mappropnate market regulatlons. mcludmg poor legal foundatIons and enforcement, and protectlODlSt.

trade-reducmg macro and trade poliCIes 'bottle up' the varIable output ThIS effect IS much greater In

Afnca than 10 AsIa because there IS less road per person m AfrIca, due to low populatIon densIty and to

Inadequate publIc and pnvate Investment 4

Pnce and market stabIlIZatlon schemes can counteract thIS nsk, and do so 10 ASia mamly 10 hUmId

trOpiCS (e g indonesia, m Bernsten 1993) ThIS task may be more dIfficult 10 dner zones and non-

lrngated areas With hIghly unstable ramfall. whIch charactenzes half of Sub-Saharan AfrIca PrIce

stabIlIZatlon schemes for grams have not worked well 10 Africa Pmckney (1988) finds that Kenya maIZe

pnce stabIlIZatiOn IS extremely expensive, beyond the fiscal means of the government Output mstablhty

combmed With weak fiscal and mfrastruetural base are major problems ZImbabwe's procurement

programs safeguarded agamst large pnce changes for maIZe but at high fiscal cost (Rohrbach. Jayne and

- .... ---
4 Mclntlre 1981. Ahmed and RUStagl 1987. Gabre-Madhm et al 1992. SchmId 1992. Badlane 1992.

Staatz et al 1993
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rukum 1993) Increases m mtra-reglOnal trade are key to mItlgatmg thIS problem at low fiscal cost

(Mcintire 1981, Badlane 1989, Koester 1989)

(m) Pnce mstablltty IS exacerbated by product demand constramts, which also can ltrott the

market for a product With good productIon potential When output supply mcreases greatly (such as tn

the Sahel bumper crop of 1985), producer prtces plummet because of lumted market outlets for bumper

harvests that 'Simulate' GR-type technology breakthrough Sahel coarse grams m general have difficulty

competmg With nce m West AfrIca (Reardon 1992) These demand constramts reduce the sIZe of the local

market, thmner markets have more unstable pnces

Product demand constramts have diverse causes consumer preferences (say for convemence

grams such as nce and wheat), trade restrlettons, transaetton costs of obtammg the product, madequate

gradmg (which styrnte the spread of Improved sunflower varieties m Zimbabwe) Processmg can be the

bottleneck The consumption role and hence the market for maIZe m Mall IS ltmlted because maIZe meal

processmg IS costly (Kelly et al 1992)

Downstream dIStribution constramts can reverse a prorotsmg Green Revolution GR-type

productIon system changes were made m cowpeas m Northern Senegal m the mid 1980's, but because

of madequacles m the dIStrlbutlon system for the product, farmers' mventones went unsold and farmers

turned away from cowpeas m the late 1980's (Kelly et al 1989) A slmtlar case occurred m Mall

(CoulIbaly, 19xx)

DIStnbutlon constramts are unportant not only for final demand for the product, but mtermedlate

demand lD downstream lmkage enterpnses, such as beer brewmg, gram mtllmg, etc Infrastructure

constramts lImit local forward and backward lInkage aettvltles These lInkages are CruCial to maxlffilZmg

the local growth Impact of a GR, whIch m turn generates surplus to remvest m croppmg, thus creatmg

a growth sprral (Mellor 1976, Hazell and Ramasamy 1991)

(IV) Input supply/distribution IS often unrelIable m Africa, which mcreases the fisk of relymg on

11
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them Abrupt changes of marketmg rules mcrease uncertamty (for Senegal, see Newman and Ndoye,

19xx) Because fertIlIZer, herbIcides, and pesticides are mostly Imported, problems WIth tImmg of unports

and delIvery of Imported stocks cause lots of uncertamty for farmers (e g In the Gambia, see von Braun,

19xx)

Pohcy-mduced fluctuations m cost of mputs cause uncertamty Bumb (1988) for SSA In general,

and for Senegal, Gaye (1987), Commander et al (1989), and Kelly and Delgado (1990), poInt out that

Structural Adjustment mcreased fertIlIZer pnces (m Senegal, by removmg pnce SUbSidies, mput credIt,

and publIc marketmg lllStItutIOns, and m general, by dOIng same plus country devaluatIons) or made them

more uncertam

(b) Infrastructure constramts

The dearth of Infrastructure Impedes technology adoption and mput mvestment at the household

level, even If appropnate GR components are avaIlable, by lImItIng needed service prOVISIon (such as

seed company operatIOns, fertIlIZer commerce, and unplement dIStnbutIon) 5

Complementary publIc/vIllage prodUCtIon mfrastrueture IS often lackIng at the local level To

overcome local resource constraInts (water, soIl degradatIon) and to prOVide the needed base for

produCtIVity mvestments (fertIlIZer), farmers need to mvest m small-scale lITIgatIOn, wmdbreaks, bunds,

and so on These reqUIre accompanyIng publIc mvestments (such as wells or culverts or dams, and

IrrIgatIon canals for small-scale lITIgatIon to branch off ot) PublIc mvestments In these kInds of

complementary Infrastructure were CruCIal to Asia's GR (Bernsten 1993) VIllage and household level

mvestments of thIS type are also Important, secure land tenure encourages these, although whether tenure

IS necessary is stIll controverSIal Some of these mvestments are Important for mttlal adoption to occur,

and some are needed at later stages (second generation) of growth of the GR In African vIllage studies,

these constraInts are often Cited as Important (for Senegal, see Dlagana et al 1990)

S For ZImbabwe case, see Wanmall and Zamchlya (1992), for Zambia case, see Cells et a1 (1991)
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Low farmer education and lack of extension services can be a CruCial constramt to adoptIon

These plague most of Afncan rural areas, except for pockets of cash crop schemes This lack also reduces

feedback to agnculture research centers concemmg component charaetenstlcs, further Impedmg adopt! In

(Etcher 1992)

eel Low absolute and relative profitabIhty of agnculture

(I) A lot has been wntten on the unprofitablhty of agnculture 10 AfrIca, especIally m the 1980's

hterature promotmg Structural Adjustment The eulpnt IdentIfied IS macroeconormc pohcy and trade

reglIDes that tax agnculture, such as protectlomsm accompanymg Import substItutIon 1Odustnahzatlon (see

Badtane 1992), and overvaluatIon of currency (see Berg)

WithOut question, macro-level pohcles and InstitutIOns, 10cludmg property nghts and other "rules

of the game," are lIDportant to encourage adoption of GR components For example, matze 10 Malt was

rapIdly expanded thanks to guaranteed pnces and 10tegrated technology deltvery and marketmg system

establIshed by the cotton parastatal But good macro pohcy IS necessary but not suffiCIent to encourage

and enable farmers to mvest 10 GR components - pubhc and pnvate 10vestments are cntlcal, as are

sector-specific mterventlons

Moreover, whtle macro polICies can reverse perceIved distortions 10 pnce levels, they mayor

may not reduce pnce 1DStabtltty Devaluation could even 10crease pnce 1DStabtllty by 1Ocreas1Og transport

costs (rals1Og pnce of Imported spare parts and fuel), further 'bottl1Og up' local supply and demand

(n) Structural factors such as "urban bias" 10 publIc and pnvate 1Ovestments/1Ofrastructure and

"Dutch DISease" (drawmg resources from other sectors to rmnes or foreIgn aid or od) draw resources

from agrIculture They make mvestments m migration and local non-agricultural actiVIty look more

profitable and less rISky than on-farm mvestments These factors mcrease the OpportuDlty cost of adoption

mvestments

(m) HIgh transport costs also 10crease mput costs, and lower profitablhty High food costs
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translate to high wage costs a la RIcardo, which make export agrIculture less competitive, and reduce

overall resources avallable for mvestment at the farm level

(IV) DegradatIOn (from poor land use practices and lack of conservation Investments) raises

farmIng costs and reduces Incentives for Investments In traditIonal GR components, and m conservatIon

mvestments to make them sustamable - a VICIOUS crrcle

Cd) Credit constramts

(I) Rural credit and Insurance markets are underdeveloped m SSA Input credIt apart from that

supplIed by parastatal schemes IS rare 6

(n) The underdeveloped credit market, and sometlmes IDlSSmg credIt market, IS due to a low

savmgs rate, caused by poverty, underdeveloped savIngs InStitutiOns and counterproduetlve regulatIOns',

and nsk Another VICIOUS clfcle IS present more profitable agrIculture would generate more savmgs,

which would fuel the mformal credIt market, whIch would help mvestments In components of the GR,

whIch would make agrIculture more profitable

(m) Structural Adjustment closed publIc credit InStItutiOns that were highly deficltary, further

reducmg credit access

C.2. Household strategIc responses to local conditiOns, and how these stynue GR adoption

Although we dISCUSS African rural households' strategic responses m both the croppmg and non-

croppmg sectors to the above condItIons, we put partIcular emphasIS m thIS section on the response of

mcome dIVersificatIon - where farmers supplement croppmg mcome WIth livestock husbandry and off-

farm mcome ThIS emphasIS IS partly because we thmk that such dIverSIfication IS an archetype of the

kInd of complIcation to the adoption Issue that IS not adequately taken mto account m agrIcultural research

6 Tapsoba, 198x, Bmswanger 1986, Chnstensen 1989

7 lack of public Investment m rural banks of the type found m Bangladesh (Grameen Bank), and
collateral rules for eXlstmg banks that hmlt access (e g need to have secure land title)
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mstItutlon's dehberatIons on what GR components to create and what mIght be the acceptabL1lty of them

to farmers

There IS eVidence that some agncultural researchers workmg With Afncan farm households tend

to see them as only farmers, mstead of such households as multtsectoral firms, often With many Options

m the non-eroppmg sectors The lIDport of thIS IS that It contradicts the Idea that farmers are 'stuck With'

whatever croppmg InnOvatIons research InStItutes present to them, With the latter unplymg that farmers

Will want to adopt whatever mnovatIons they can afford and that offer a better profit than their current

croppmg practIces Rather, as dIScussed below, Afncan farm households are accomplished dIversifiers,

and when decIdmg on where to put cash and labor time, look at the returns from croppmg Innovations

m comparISOn to non-eroppmg optIons, m hvestock husbandry and off-farm That means adoption of GR

components IS far from automatic, even If those components won laudlts wlthm the agncultural research

commumty We think the eVidence shows that thiS has happened m a number of cases m Africa

a InCOme diversIficatIOn

(I) Afrtcan farm households diverSify their mcomes Haggblade, Hazell, and Brown (HHB) (1989)

reviewed evtdence of rural off-farm employment m sub-Saharan Africa They found that the share of

off-farm mcome ranged from 25 to 30 % of total household mcome Reardon et aI (1992b) reviewed

recent survey eVidence from West African semI-and trOPiCS showmg a range of 20 to 61 %, With an

average share of 38% for off-farm mcome for non-eroppmg mcome (off-farm plus hvestock mcome)

These figures contradIct the conventtonal Image of rural African households bemg only farmers

(11) Diversification strategIes differ by agroecologlcal zone DIverSification of household mcomes

m dner, lower-potentlal, zones tends to be onented outside the zone (mIgration, rural-urban lInkages) to

compensate for low and unstable yields Diversification In fertile, higher-potential zones tends to be based

on backward and forward growth hnkages With theIR more dynamiC agr~ul~~e The degree of

diversification tends, however, to be Similar between the two types of zone
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';,4 (lll) DiversificatIon IS dnven by push and pull factors hnked to the 'local condltlons' descnbed jT

above

Agncultural rISk Reardon et al (1992b) present WASAT eVidence showmg that mcome
,I

diverSificatIon IS the mam means by which households mItigate productIon nsk and assure food securIty ::i
if
~

a lIquidity substIOlte for ID1SSmg consumption and mput credit

Credit constramts remforce the dnve to diverSify because households need non-farm mcome as

Land and water constramts While land constramts are obVIOUS m places hke Rwanda, m parts

m the face of harvest shortfalls (With distant second mter-household transfers, net borrowmg, and seHmg ~

"J~
J
':;
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~
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assets)
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of AfrIca that have tradItionally been considered land-abundant, there IS eVidence that there are growmg

land constraIDtS (Matlon 1987, Tschrrley 1993) Land scarCity pushes farmers to substitute to supply

more labor per urnt of land, which reduces the agnculture wage (m the absence of new technology), and

makes farm labor less attraetlve relative to labor m other sectors On the other hand, land ScarCity can

force technolOgical mnovauon, ala Boserup (1981), especIally adoption of land-savmg technologies (e g

unproved seeds and ferulIzer) Madon (1991) contends thiS IS happenmg m the Sahel, long consIdered

a land-extenslve SItuation

Water COnstraInts, especially the lack of Irrigation m most of AfrIca, and hence lImited growmg

season, mtlltate agamst households' speclahzmg m agnculture as they can m lITIgated portions of Asia

Farms reallocate cash and labor to non-eroppmg actlvltles when returns to the latter become

hIgher and/or more stable than returns to croppmg An mcrease m labor demand m ClUes (from 'urban

bIas' or Dutch DISease from natural resource boom, or from foreIgn asSIStance, can thus affect relauve

pnces, local off-farm opportumtles, perhaps IIoked to agnculture, can also do thiS

Afncan household-level studies tend to confirm that farmers are sensitive to relatIve sectoral
~ ?~-~

profitabilIty (mtersectoral terms-of-trade) m theIr factor allocation and mvestment deciSIOns, mcludmg
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III GR components Norman (1973) found that mtersectoral returns mfluence Northern Nlgenan

households' labor allocatIon between dry season gardemng and off-farm work Delgado (1989) found that

farmers were sensitive to the off-farm wage when decldmg whether to mvest In ammal traction Reardon

et at (1992a) found that terms-of-trade affected the degree of mcome diversification m Burkma rural

areas

(IV) Diversification can hurt or help adoption of GR components, dependmg on local conditions

On the one hand, diversification actIvItIes can compete for resources With mvestments m GR

components at the household level The competitIon can be for labor m the croppmg season, or for

resources to construct sou conservation mfrastrueture m the dry season Reardon and Islam (1989) pomt

out

In a degradmg and unstable envrronment, the pnonty of the household may well be to dIversIfy
away from famnng It may want to maxtmIZe present earmngs m croppmg, and mvest the surplus
In lIvestock and off-farm enterpnses Off-farm earnmgs ffilght not be remvested m croppmg, but
Instead be used to diversIfy further The above POSSibIlIty IS often neglected by both agnculturat
researchers and enVlfonmentahsts who assume that the rural household m regIOns at
enVIronmental fisk IS first and foremost a fanmng household The Impheation oftheIr assumptIOn
IS that mnovatlons that can Improve the farm resource base are automatIcally attractive to
households It IS precisely m the areas at greatest rIsk where thIS assumption IS least tenable

Examples of thIS m the lIterature For Botswana, Low (1986) shows that adoption of hybrId maIZe

was constraIned by farmers destre to diverSIfy & For NIger, Lowenberg de Boer (1993) compares crop

mvestments of the Green revolutIon varIety WIth mvestments off-farm, and shows that the latter are often

preferred and more profitable For Senegal, Kelly (1988) shows that off-farm mvestments are preferred

to fertIlIZer m some zones ChrIstensen (1989) shows for Burkma that off-farm mvestments compete WIth

agrarian capital formation m the Sahehan and Sudanlan zones

Household mcome diversification also means that households forego economies of speclahzatlon

I Many observers press for labor-mtenslve technologies, Insteadlthe Afncan farm household wants
to save labor on farm to use thiS labor off-farm We would add that even If labor-savmg technologies are
not avatlabte or affordable, household might choose to labor off-farm and prOVide the mInimum labor to
their farms
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(where one household nught specialize m croppmg. or commerce, and so on) But given that there IS very

lIttle rrngatton Inter aha. specialIzation m croppmg (mearung only domg croppmg. not worlang off-farm)

IS not much of an optIon m the near future

The ISsue of competItlon between mcome diversificatlon and adoption of GR components IS

comphcated by ambiguity m the causal dtrect1on. however Are households dlverslfymg because good

opportunIties m croppmg are not avatlable (profitable GR components not present), or IS the

dIversIfication blockIng adoption of avatlable components The answer depends m part on the situatlon

The example from Low above 15 a case where hybnd maIze was aVailable but off-farm opportumties

looked better to farmers ThIS first case 15 the most mteresttng and worrymg for our subject, because It

either means that the product was not desIgned approprIately (Low's hypothesIS IS that the technology

should save labor rather than use It). or other accompanymg condrnons are not present (such as developed

credit market) In other cases. for example the northern belt of the Sahel, there IS a dearth of croppmg

opuons that can effectIvely compete WIth lIvestock and off-farm opportunities. and diverSificatIOn IS both

by default and by design (to manage nsk) But there can also be a combmatlon of the two extremes, a

VICIOUS crrcle where an lDlUal lack of profitable croppmg opportumtles or high fIsk or both, mCIte

households to dIverSIfy They hold on to the latter because of Its long-term mcome stabilIzatlon attributes.

and then when GR components become aVaIlable. they may not adopt because of the opportumty costs

mvolved

On the other hand. however. dlverslficanon can help adoptIOn. however. by provldmg own

lIqUidity for mvestments, lD the presence of Capital market constraInts or fallure Collier and Lal (1980)

show that mtgratlon remIttances are lIDportant for mvestment lD hybnd maIZe and accompanymg capital

mvestments m Kenya Reardon et al (1990) show that non-agncultural mcome IS Important to abilIty to

purchase fertlhzer 10 areas where fertIlIzer use IS profitable and pubhc lDStltutlonal credit for 10puts IS

not avatlable (non-eotton zones) Kelly (1989) shows a slIDllar connection m Senegal DIOne (1989) shows
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that non-agncultural Income helps adoption of ammal traction m Mall

Moreover, at the local economy level, diverSification activIties such as cottage manufactunng and

repair of animal tractIOn eqUipment, provlSlon of fertlhzer, and so on, can reduce the pnces and mcrease

the avaIlability of Inputs needed to raise productivity

But hqUldlty for mvestments depends substantially on farmer's access to non-agrIcultural Income

(beside cash crop Income), yet local growth hnkages that would create off-farm mcome depend on market

facIlltles and roads (Anderson and LelSerson 1980) The lack of mfrastructure that dIrectly Impedes GR

also mdIrectly lDlpedes by llD1ltIng growth lInkage activIties

Fmally, unlike In Asia, research In a VarIety of agrochmates (e g semI-and, Reardon et al 1992,

or tropical highlands, Lovendge 1992) shows that poor households In Africa have relatively less access

to these off-farm Jobs, thus less access to hqUldlty for GR mvestments This means mequltable SOCial

dlfferentIatton m future GR In Africa

(b) CroPpmi diversification

African farnung systems are extremely diverSified, mainly as a means of managIng croppIng nsk

(MatIon 1989)

On the one hand, thIS diverSity makes a GR harder In Africa than In Asia all else equal, because

In Africa one must spread scaree research funds thInly over many crops whIle a narrow and effiCient use

of resources (on nee, wheat) was poSSible In ASIa (EIcher 1992, Bernsten 1992)

On the other hand, the croppmg diversification often Involves addmg cash crops, such as cotton,

to gram or tuber systems WhIle thiS sort of croppmg diverSification has traditionalIy been seen as a dram

on the Vitality of the staple foodcrop sector, recent eVidence (e g DIOne 1989 for Mall) shows that cash

crops work m synergy With the staple food crop sector Cash crops prOVide lIqUidity for agrarian Capital

formatton and purchase of GR components such as oxen and fertd lZer, both of which benefit staple food

crops as well, and overcomes credit market constramts But the cost of producmg cash crops, and hence
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theIr competltIvIty, depends 10 part on the pnce of staple food crops (e g see Delgado 1992, Jayne

1993)

But hIgh transactIon costs and hIgh nsk reduce the commercIahzatIon rate, WhICh reduces the

mcentlve to mvest 10 new technology The larger pnce band also discourages supply responsIveness of

farmers (de Janvry et al 1991)

ecl Demand-sIde constra1Ots to 10put use

In diSCUSSIOns of constramts to extensIOn of GR to some parts of AsIa, the debate focuses on

supply-sIde constramts to mput use (e g Ahmed 1988) WhIle there are unportant dIstrIbUtion constramts

on mputs 10 AfrIca (see dISCUSSion above), equally unportant are effectIve mput demand constramts It

may be hnnted due to cash constramts (credIt constraInt or lack of access of mcome diversificatIOn), or

high perceIved nsk Example fertthzer 10 Senegal (Kelly 1988)

Cd) StrategIc plannIng horIZOn of farmers IS short. leads to resource m101Og/degradanon

Theory and praeuce show that poor farmers mvest less and have shorter plannmg honzons ThIS

dnves them to mme resources' and neglect conservatIon investments Land degradanon results, which

then makes 10vestment 10 GR components unattractIve at the farm level ThIS IS a VICIOUS CIrcle because

the poverty and pnce rIsk and lack of educatIOn/extensIOn that unpedes GR 10vestment also can lffipede

10vestments 10 soIl conservation that precondition and sustaIn GR 1Ovestments, which IS the topIC of the

next sectIon

D SUSTAINlNG A GREEN REVOLUflON IN AFRICA

D 1 Second GeneratIon Issues

AdoptIOn IS not the end of the story In Asia and Latin Amenca, 10 their GR S since the 1960 s,

and 10 AfrIca 10 the 1970's and 1980's, 10 vartous cases initial adoption IS followed by dlsadoption

Pachlco (1989) gIVes the example of new CIAT bean varietIes 10 Central Amenca Rohrbach (1988)

20

-



-

..
dISCUSSes disadoptIon of maIZe varIetIes In ZImbabwe

Hence, there are lmportant second generation ISSUes to consider, after GR components have been

adopted Because there has not yet been much GR In AfrIca, these second generation concerns are

relatively less unportant at present, but wtll become more Important later Moreover, It IS Important to

consIder them at the desIgn stage. so that ISSues of IDltial adoptIOn and sustaining the adoptIon should be

simultaneous 10 the deltberatlOns of the agncultural research InstItutIOn

Many of the same ISSUes that were discussed above that IOfluence inItial adoptIon continue to be

Important In mamtammg adoption - profitabtllty of mvestment, capaCIty of farmers to Invest. effiCIency

of resource use There are some ISSUes to emphasIZe In the aftermath ofadoptIon, however These revolve

around the lmportance of sequencing the 1Otroduetlon of complementary Investments, market reforms,

and pohcy and InStItutiOnal changes that mamtaIn the profitablhty of the lilltIal 10vestment (EIcher 1992,

Byerlee 1992) Mamtammg qUalIty and profitabtlIty m seed multIplIcatIon and dIStrIbutIon were cntlcal

to sustammg adoptIon m most of the countrIes studied by MSU In the technology Impact studIes (esp

NIger and Uganda) (see Oehmke and Crawford 1992)

At the macro level, econOmIC profitabtllty IS lmportant In the long run Government pnce

supports and marketIng and mput SUbSIdIes 1ID.pose a budgetary cost that IS hard to sustam (as Illustrated

by the ZambIa example where SUbSIdIes had to be ehnunated m 1992, whIch provoked SIgnIficant.
diSadoptlon of HYV maIZe) Alternate solutions for reducmg budget costs mclude alIgnmg technology

mnovatIons more closely to comparatIve advantage, and InstItutIOnal and pohcy reform to Improve market

performance and reduce transactions costs so that fewer budgetary SUbSIdIes are needed to create

Incentives InnovatIons In product processmg and marketmg can also mcrease market outlets for the

product, and relIeve the need to artIfiCially support Its profitabIlity through productIon subSidies (Byerlee

1992, Staatz and Bernsten 1992)

What the cnttcal constramts are, and how best to overcome them, depends on where one IS 10
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the sequence of adoptIon and use of GR components TaIlormg and sequencmg SOlutIOns to SUIt specIfic

enVIronments IS cntIcal Imually, technology can be lIDpOrted via regIonal research network workmg m

collaboration With the local research system to screen pronusmg vanetles Mamtammg GR gaIns,

however, may requIre estabhshmg strong breedIng programs to address locatIOn-specific constramts,

IncludIng consumer preferences (color, taste), and dISease and pest reslStance The necessary phySical

mfrastrueture and support services must be put 10 place, largely through publIc Investment ThIS requIres

a long-term COmmItment by governments and donors to help buIld NARS research capaCIty and effective

extensIOn servIces The post-adoption phase also requIres farmer education, trammg, and lIDproved

Information dlssemmatIon systems ThIS capacIty buIldIng has almost always been the preconditIon for

successful Green Revolution In AsIa and In AfrIca (e g Kenya HYV IDaIZe In the 1950s-19605) (Byerlee

1992, EIcher 1992)

But achieVIng sustamable productIvIty gams also reqwres monItOrIng of resource qualIty, and

adaptIve research to IdentIfy sustamable practIces appropnate to local CIrcumstances This tOPIC IS

addressed In the next section

D 2 Farm-level conservatIOn Investments to sustam productlvltV Increa.'€S from a GR

Ca) The challenge for the second Green RevolutIon CombIne Growth and Sustamablhty

In the long run, degradation of soIl and water resources will lIkely undermme lDltlal gaIns m

prodUctIVity from adoption of GR components WhIle agncultural researchers and pohcymakers In ASIa

and Africa have long recogruzed thIS as a major problem, soIl erosion contmues to be a major Issue m

most develop109 Countnes (de Haen 1991), and threatens to undermme Da.'Cent productIvlty-enhancement

and Green RevolutIon 10 many parts of AfrIca (e g for West Afnca, see Marlon and Spencer 1992, for

Southern AfrIca, see Whitlow 1988)

From the mId-1980s, the quests In the InternatIOnal agncu1tural research commurnty, unspecIfic

to regIOn, appear to be (I) to make 'GR practIces sustamable In hlgh-potentlallhlgh-performance zones,
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where they have been adopted, (11) to extend 'GR' technOlOgIes that are hIghly productIve (gIven proper

condItIOns such as mput availabIlIty) to hIgh potential zones where they have not yet been adopted, (Ill)

to IdentIfy technologies to raise productIvIty modestly 10 low-potentIal zones, and (IV) to control

degradation and alleViate poverty m both high and low potentIal zones, worlang toward agncultural

susta1Oabl1Ity (fAC-eGIAR (988) The TAC-eGIAR (1993) IS callmg for a renewal of effort m the

1OternatIonal and natIOnal research commurntIes to launch a second Green Revolutlon, thIS tIme With an

emphasIs on combmmg prodUetlVIty 10creases With SUStamabIltty

In AfrIca the sustamabillty challenge IS especIally Important For new vanetIes and 10puts to

spread, for YIelds to mcrease, the resource base must be protected through household and VIllage level

conservaUon mvestments and sustamable land-use practIces These 10vestments mclude watershed

management, orgamc matter amendments, and water flow dIverSIOn

The challenge will be to reduce growmg degradatIOn In hIgh-potentIal zones and zones where

there has already been adoption that currently produce the bulk of agncultural output or are expected to

make the largest and fastest contrIbutIon to agncultural growth, and (11) to mttIgate severe degradatIon

m low-productIOnIlow-potenual areas so that modest productIvIty gains can be preserved

It IS Important to understand how these conservatIOn mvestments/praetlces dIffer from the more

farmhar or tradItional Green revolutIon components that focused on short-term productIVIty mcreases

Does encouragement of new conservatIOn activItIes Just Imply the usual prescnptlons of better credIt,

more roads, more extensIOn, better pnces, and so on? Or are new sets of poltcy prescnptIons and a

modIfied framework for analysIs reqUIred? Are the constra1Ots to adoptIon of these sustamable praCtices

and conservatlon mvestment dIfferent from the adoptlon constramts discussed above for the more

tradItIonal GR components?

(b) From the adoption and mvestment perspective, what IS different about conservation Investments?

To determ10e whether the constra1Ots and poltey prescnptions are dIfferent, one must first ask
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what are the differences are between what we can call "productIvity mvestments" (PI) and "sustamabl1Ity

or conservatIon 1Ovestments" (CI) that have unpllcatlOns for constramts and how to solve them (Although

these are only polar or center~f-gravltyconcepts or terms because each can produce results lD the realm

of the other) This tOpiC IS discussed lD Reardon and VOStl (1992) and the POlDts summarIZed below We

keep the same 'lDvestment perspective' 10 thiS sectIon as we dId when dlscuss10g the lDltlal adoption

constra1Ots above

At the household level, farmers face the same sorts of constramts to long-term strategIes and

potential contradiCtIons between short-term growth and longer-term sustamabIhty goals, that we Identified

for PI's (competition between short term food secunty goals and long term 1Ovestments, competitIon for

resources between off-farm 10vestments and farm 1Ovestments) To allevtate poverty, mttlgate 1Ocome

nsk:, or take advantage of short-term prodUCtIon opportu.Il1tles (e g , before property nghts are defined,

as 10 the case of squatters 10 common lands), households push croppmg onto fragtle soIls, or push

lDSurance mechanISms such as lIvestock herds beyond the carrymg capaCIty of the land Both can result

10 a renewed cycle of degradanon, br10gmg renewed threat of poverty and rIsk, and theIr attendant

mlt1gatlon strategIes SImtlarly, fISk and low returns that hurt lDvestment lD GR components also

undermme desIre and capacIty to Invest 10 conservatIon lDvestments

ProdUCtIVity and conservation 10vestments can be conceptualIZed as a spectrum of altemanves

that.

(1) 10crease productIvIty but damage the underlymg resource base such as a modem vanety that

depletes key sod nutrIents, deep-plow1Og that reduces the 10tegrlty of the sod, Imgatton methods that

salInlZe or waterlog the soIl,

(11) mcrease productiVity but have ambIguous effects on the natural resource base, such as

mtenslve fertIlIZer use,

(111) lffiprove the natural resource base but have ambIguous effects on productiVity, such as some
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crop rotatIon and agroforestry schemes,

(IV) unprove natural resource base and mcrease productivity, such as tled-ndgmg that prevents

fertilizer runoff and conserves top sod, or mtrogen-fix1Og hlgh-yleld1Og vanetIes)

(v) unprove the natural resource base but hann productIVIty (perhaps the 'zero tillage' practice

could be mcluded 10 thIS category In some Circumstances, moreover, If a conservation 10vestment or

practice severely reduced tune/resources avaIlable to perform other production actIVitIes, the net effect

could conceivably be to decrease productiVity)

What are the sumlarlues 10 these three sets? In the short term, productiVity 10vestments/practIces

are s1ID.1lar to conservatIon Investments/practIces 10 three ways These sunIlarItles are based prunarIly

on th10gs that are requrred for farmers to undertake Investments or modify therr agrIcultural practIces

Both types of Investments/praetlces requrre household expendItures on varIable 10puts (labor and non

labor) and lIqUidIty Both types of 1Ovestments/practIces requlfe external 10puts of goods and servICes

from the prIvate sector and the government technIcal and soclo-econonuc research, extensiOn,

manufacturIng and dlstnbutIon of Inputs, credit, appropnate InStItutIOns, and 10frastrueture

These sunIlarItIes suggest poSSIble competition under some Circumstances, 10 particular for

household resources, and poSSibly for external mputs

What are the dlstmetlons between conservation Investments and traditIonal components of GR?

(1) Risk asSOCIated With conservatIon Investments/practlces may be perceIved to be greater by fann

households The unpact on production (e g , Increasmg SOlI mtegnty) may be less observable by the

fanner than IS the case for productIVIty Investments/practices

(u) TimIn~ of returns to conservatIon 1Ovestments/practIces can be qUite dIfferent from

productiVity Investments Fallow1Og, for example, elImmates returns for at least one croppIng season,

and may do so for up to eIght seasons m poor salls

(111) TlmIn2 of mput reqUIrements for conservation and productIVIty Investments can differ
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Conservation mvestments often need to be made 10 the dry season The latter IS mIsnamed the slack

season, as much off-farm actIvity takes place then BuIldmg bunds can compete With tIus activity The

10vestments mIght also have to be made 10 the rarny season, when e g , labor on alley croppmg can

compete With fertIlIZer applIcation or weed10g The opportumty cost of tIme to the farm household can

be high (Reardon and Islam (1989), Sangul and Kerr, 1991)

(IV) ExternalIties asSOCiated With both short-term productivity mvestments and conservation

mvestmentsfpracttces produce spIllover and free nder problems that may reduce mcentlves to make them

For example, If one farm constructs boods but the neighbor does not, the runoff from the second can

overwhelm the conservation measures of the first. Or, watershed management mvestments by a given

farmer mIght obstruct soIl depoSItion efforts by another (Sangw and Kerr 1991)

(V) Many conservation mvestments are difficult to undertake mcrementally and therefore requIre

substantial and very 'lumpy' expenditures of labor or cash, or both They often do not merely requIre

changes m agronomIc practices Even If they only unply new praCtIces (not physical pnvate or publIc

mfrastrueture), many ofthese requIre outlays by the State for extensIOn and other serviCes, and substantial

mcreases m own-labor outlay on the farm (e g , alley croppmg, see (Spencer and Polson 1991» (Reardon

and Islam 1989)

For some types of conservatton mvestments, there may be constraints to avaIlabilIty of own-labor

and own-lIqUidity This would make It difficult for mdlvldual households to make the mvestments, If

suffiCient credit (to hIre labor for example) were not avaIlable, hence relegatmg them to the vIllage or

the State (Swmdale 1988)

(VI) There are also potentIal credit constramts for conservation mvestments (as compared to more

typical produettvlty mvestments), partIcularly where (geographically) they may be most needed, for the

followmg reasons The loan sIZe to construct large Items such as bunds. terraces, or the establIshment

of perenmal tree crops might exceed the capacity of local creditors or even Village credit groups
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(Swmdale 1988), especIally If many households reqUlre loans at once The externalIties assocIated WIth

many conservation mvestments/practlces (as opposed to most productIvity Investments/practIces) and the

ImplIed free-nder problems can cause credit market faI.lure Borrowers and credItors may not perceive

(and mdeed there may not be) a clear llnmedlate payoff to conservatIon mvestments/practIces, hence the

fisk of default may appear greater Investments In tradmonal GR components, particularly m capItal

goods, reqUIre but also create loan collateral (e g , anImal tractIOn eqUipment) TIus IS often not the case

WIth conservanon mvestments/practlces (e g , creditors cannot reclalll1 bunds or wmdbreaks)

(Vll) Some conservatIon mvestments/praCtlces reqUire specific eqUipment for whIch there IS no

market or lIttle avaIlabilIty, such as IS the case With tIed-ndgers (Sanders 1985), thiS equIpment IDlght

be too expensive for an mdlvldual household to buy. or of a nature mapproprIate to local conditiOns

Some tree-croppmg schemes reqUIre mass prodUCtIon of seedlIngs, and few banks are wtllmg to lend for

such actlvlUes (Ohm and Nagy 1985)

(Vlll) To be effectIve m the medIUm run, many conservation mvestments reqUire mamtenance

Assurmg the needed cash and labor mputs over long penods may reqUire a longer planrung horIZOn than

IS typical of farm households m fragile areas of the trOPICS The costs of fallure to mamtam conservatIon

mvestments may exceed (and last longer) costs of faIlure to undertake (often repeated) productiVity

Investments/praCtlces

In sum, there are Important differences between the 'traditIonal GR components' and the

conservatIOn mvestments and land use measures proposed for sustammg a GR Thus, researchers

-

should not expect the same sorts of Immechate lll1pacts of polley changes designed to encourage and

enable households to undertake conservatIOn lllvestments/practices as they would for typical productiVity

mvestments/praettces Pohcy OptiOns to overcome the above obstacles may requIre Special and mnovatlve

InstitutiOnal arrangements. extensIOn approaches, and factor market lllterventtons Fmally, there IS a need

for an approprIate analytIcal approach/framework to take lOtO account the dlstmct nature of the type of
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rnvestments/practIces they are targetmg

E CONCLUSIONS

Ji
The challenges for creatrng and sustamrng a GR 10 Africa are fourfold We phrase them as '

obstacles/problems to solve and thmgs to emphasIZe

E 1 Strategy for Creation of a Green RevolutIon

In general, a major pnonty IS to have a long term cormmtment on the part of donors and natIOnal "i

'#
governments to buIld AfrIcan research capacity to create and SUStaIn Green RevolutIon m AfrIca. ~,~

Adequate attention to support rnstItutlons IS cntIcal

In terms of targetIng research, emphasIS would best be placed on high potential zones (where d

condItIons allow rntensification of productIon) to promote adoptIon of new VarIeties along With mvestment "'"

m mputs and conservatIon measures In low potentIal zones, the emphasIS should be on conservatIon

-
J

mvestments and sustarnable land use practIces But whether a zone IS high or low potential wIll depend,

apart from Its agrochmatic charactenstIcs, on polIcy and research, and how they affect the productiVity

of resources and the local COndItiOns Moreover, It IS hard to Judge from current performance some areas

are currently low performance but consIdered high potential (for example, Matlon (1990) consIders the

Gumean zone rn semI-arId West AfrIca to have hIgh potentIal)

Moreover, the most pressmg need for mtenslficatIon through adoptIOn of GR components IS m =:

areas whose land productIVIty IS dechnmg, where there are land constraInts It IS trIcky to determme

unambiguously which these are There are obVIOUS cases such as Rwanda or MalaWI But Brnswanger

(l99x) CIted eVIdence from the FAO land carrymg-eapacity study that ranked Niger With Bangladesh m

terms of population density per urnt of land standardiZed for carrymg capacIty Matlon (1990) notes that

there are slgrnficant land constraInts lD the Sahel, In contrast With the traditIOnal Image of these areas as
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land abundant Thus, land scarce areas may be much more common m Africa than previously thought,

and the need for technologies of mtenslficatton much greater

Fmally, the chOice of crops to research and promote should take mto account comparative

advantage of the regIon, and the long-term prospects for mtermedlate and final demand Eicher (1992)

pomts out that export crops (tradItIOnal ones, such as cocoa, coffee, cotton, and non-traditional crops such

as vegetables) need to be objects of mamstream agncultural research There IS a need to rebUild natiOnal

research capacIty m tradItional export crops (e g cocoa, od palm) and expand capaCIty 10 non tradItIOnal

crops (e g hortIculture) A GR 10 export/cash crops helps gram crops through local hnkages (say via

lIqUidity proVISion), and helps overall food secunty, trade balance, and overall growth

But the key pomt IS not whether research should focus on bnng10g on a GR 10 food versus cash

crops, but rather that research should be onented by a regIOn's comparative advantage and by a broad

range of needs, mcludmg growth 10 food avaIlabIlity, of foreign exchange, and of liqUidity for local

mvestments on and off-farm But a caveat IS needed here Comparative advantage IS a flUid and malleable

measure, research, pubhc and pnvate mvestments, and pohcy can change It

E 2 Take a HOrizontal and Verttcal Systems PerspectIve 10 Research

A hOrizontal systems perspectIve, focusmg on the rural household economy, leads research to go

beyond a umsectoral vlewpomt to a multtsectoral vlewpomt, and 10terest 10 the household's strategy to

diverSIfy croppmg and overall mcome, and what Impact that has on adoption of 1Onovatlons Adoption

of GR components faces competItlon With mvestments by the household In non-eropp1Og sectors, which

means that the opportunity cost of labor/cash at household level In the various alternatives has to be

exammed Innovanons need to have higher and more stable returns than alternatives Given credit and

liqUidity constramts (that are part responsIble for the mterest of households 10 mcome dIverSIfication),

the researcher needs to be careful about the affordabllity of the mnovatton The mvestments need to be

attractive, not Just that 'net profitabilIty lS greater than zero • but also more profitable than competmg
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opportumtles off farm

Moreover. given the household's mterest m smoothing mcomes and consumptIon, and managmg

nsk from lnstabl1lty of output and pnces, the stabl1lty of returns to an mnovatlon wIll be of Importance

m breedmg strategies Yield stabliity should be stressed m breedmg and agronomIc research to protect

the mterests of the poorest, especially m seIDl-and Africa ThIS IS because, m many areas, access to off-

farm aetlvltIes IS hooted for the poorer groups, and so the latter have to rely on croppmg and the

VIcISSitudes thereof

A vertical systems perspective, focusmg on the food system, leads research to go beyond the?

farmgate and take mto account constramts to adoption commg from constramts to mput distribution. to

output distribution and marketmg. and to mtermedlate and final demand Constramts downstream and

upstream. from crop produetlon can dISable a nascent GR In a particular commodity

Fmally. research needs to emphasIZe the creatIon oflocal 'growth spirals' through upstream and

upstream lmk:ages to agrIculture. to get maxunum growth multlphers Agricultural researchers need to-

explore the potential for these lmkages. and promote products With potentIal to create these lInkages ~ ~

But the research commumty face a dl1emma when thmkmg about what strategy to pursue, what

perspectIve to take With respect to the diagnosIS of and the accountmg for constramts Should they create

the best technology' and then lobby pollcymakers to create local condmons appropnate to Its adoption?

Or should they take local condloons and farmers' strategies In the face of them as given. and create ""

technolOgies that are attraetlve and adoptable given those constramts? ThIS paper does not try to resol~e ~"
-~

that dl1emma How It IS resolved differs by SItUation - how changeable are the local conditIons. what ;

mfluence researchers have III polley design. how much alteratIon of local conditiOns would be needed for ~~
-r
~

farmers to want to use a new technology - ~ _'?!~ '__

I ~

E 3 Faclhtatm2" Adoption and Investment

Sequenemg of complementary Investments and Institutional reforms both to
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adoption and to support mamtenance of adoption IS CrItical

Macro and sectoral polIcies are 'necessary but not sufficient' for both productivity and

conservation mvestments (Structural Adjustment IS not enough) In addition, sector and subsectoral

polIcies, and targeted pubhc mvestments are needed

E 4 Sustammg a new Green RevolutIon

Focus should be on find10g 'overlap technologies' that combme productiVity and sustamablhty

mcreases, these can be for example combmatIons hke fertlhzer plus bunds plus new varieties The

challenge IS the susta10ablhty and adaptablhty of a Green Revolution, With a focus on overcommg

constra1Ots 10 a way that IS sustamable 10 techmcal and econoDllc terms

But addmg a sustamablhty component to African research IS potentIally competitive, as It may

displace ongo1Og breedmg and agronoDllc programs alffied at ralsmg yIelds The latter are CruCIal for

growth, and should not be neglected If budgets stay the same, and there IS mere displacement, the

sustamabthty effort Will over tIme be undernuned For It not to be, total resources have to go up and

those present used more effiCIently, a longer comnutment enVISIoned, and sustamablhty and productiVity

research rntegrated
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