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The present document synthesizes findings
from our four country studies (m BurkIna
Faso, Rwanda, Senegal, and ZImbabwe),
focusmg on patterns an and determanants of
farm productiVIty change, and their
Impbcatlons for strategy, pobcy, and
programs to promote agrIcultural productIVity m
AfrIca

DATA AND METHODS

InStitutIOnal/polIcy settmg An Important goal of .,
the project was also to strengthen Afncan
research capaCIty through collaborative
research and Joant pobcy outreach

The study exammed patterns m and
detenmnants of crop productIVIty differences
- total and partIal factor productiVity,
includmg average and marginal measures 
over groups of fanns, zones, and years The
factors exammed were prnnarily phySIcal
production mputs (e g , fertlllZer) and
management practices (e g , sou conservatIOn),
as well as condloonmg variables such as
agroclImatlc zone, household charactenstIcs
(e g, nonfarm mcome earned), supportmg

The three farm-level studies used detailed
household survey data covermg both farm and
nonfarm aetlvltles of households the Burkina
Faso study used a panel of four years of farm
level data, the Rwanda study, three years, and
the Senegal study one year The Zimbabwe
study used aggregate data, and ulled an IS-year
senes for each of two groups - smallholders and
large commercial farmers

Moreover, there has been recent Widespread
concern for African agnculture based on
perceptions of low or declmmg agncultural
prodUetlVIty

The physical, pobcy, and economac context an
Mnca has changed radically from the 19608
19708 (when the bulk of farm management
studIes were done) to the 1980s-1990s there has
been rapId population growth, sou and natural
resource degradatIon, declmmg ramfall m the
semI-and trOpICS, growmg land constramts m
semI-and and tropical hlgWand areas, structural
adjustment programs, Increased market
mvolvement by farmers, dIverSIficatIOn of farm
household mcomes mto nonfarm actiVIties, and
vaned success of technology development and
transfer

INTRODUCTION

Our ann has been to ndig below" aggregate
trends to uncover farm-level determmants of
agncultural productIVity, and examme how
these determtnants may vary by crop,
agroecologlcal zone, farm type, technology, and

The above changes and concerns pomt to the
need to update our understandang of farm
productivity m Mrlca To thiS end, and to
supportDevelopment Fund for Afnca objectiVes,
AID/AFRISDIPSGEIFSP has funded several
studies of agrIcultural productivity, mcludmg
one conducted by Michigan State Umverslty
under ItS Food Secunty II Cooperative
Agreement With AID

Michigan State Umverslty
Department of Agricultural Economics

Executive Summary

Raising Farm Productivity in Africa to Sustain Long-Term Food
Security
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InStItutIOns and services (mput supply
Infrastructure and credIt access)

We also exammed the broader measure of
productivity of farm households - total net
mcome per person from farm and nonfarm
sectors, and the composItIon of lOcome from
these sectors, so as to take lOto account AfrIcan
farm households lOterest beyond Just crop
productIon, therr attempt to maxImIZe overall
lOCOme from many sources lOcludlOg lIvestock
and nonfarm productIOn and wage labor, to
assure food secunty

The study's mandate IS a focus on farm-level
productIVIty Outside of our scope IS the Issue
of how changes m farm-level productIVity
(and changes m polIcy to effect them) affect
the rest of the economy In practIce, these
economy-wide effects can be complex - for
example, government support programs can spur
peanut farmers' adoption of lOputs that raise
Yields, wlpch can 10 turn lOcrease the effiCiency
of downstream markets and processlOg plants,
but subSidy outlays to spur lOput use can
mcrease fiscal defiCIts and general pnce levels
The effects are lOdetermmate a przort and are
thus an empmcal knowledge gap to address
elsewhere

MAJOR FINDINGS

ProductlVlty Patterns

Growth m average land product (output per
hectare) and average labor product (output
per agricultural worker) was slow m the four
study countnes for most crops In general,
average land product grew more qUIckly than
average labor product, mdlcatmg mcreasmg
population density ThIS comcldes With FAO
analysIs (HIggIns et al , 1982) showmg that land
constramts are generally mcreasIng 10 African
agrIculture, especially m the semI-arId and
hIgWand trOPiCS (our study areas)

DlsaggregatlOg the analySIS m our study
countrIes by usmg farm-level data showed
substantIal varIabIlity 10 average land products
and average labor products by (a) crop, (b)
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agroecologIcal zone, (c) type of year, (d) type of
technology used, and (e) and farm SIZe

(a) By crop. Average land products mcreased
for government-promoted cash crops such as
cotton and maIZe 10 Burkma Faso, maIZe, wheat,
and soybeans 10 Rwanda, and maIZe 10

ZImbabwe (total factor productIVIty growth for
maIZe among ZImbabwe smallholders grew from
1980-1986 then fell thereafter) Average land
products were stagnant or declmed for many
subSistence or seml-commerClalIzed food
staples, such as for mulet 10 the Sahel or tubers
m Rwanda

(b) By agroecologIcal zone Average land
products m more favorable zones of Burkma
Faso tended to be 1 5-3 0 times higher than
those In less favorable zones, 10 Rwanda, that
range IS also 2-3 times In ZImbabwe, among
smallholders, maIZe average land product m the
more favorable agroclImattc zones grew from 1
to 1 5 tonslha over 1980-86 whue maIZe
average land product was stagnant for
smallholders m the less favored agrochmatIc
zones

(c) By type of year: Large sWings m average
land products occur between years of good
raInfall and bad For example, m northern
Burkma, mIllet average land products changed
SIxfold between the good year of 1983 and the
drought year of 1984 In ZImbabwe, maIZe
average land products 10 the good year 1981
were threefold average land products m the
drought year 1983 for the smallholder sector
Tins result polOts to the notorious nskmess of
agriculture m many areas, and to the SensitiVity
to begmmng and endmg pomts of longItudmal
productIVIty analysIS m Africa

(d) By type of technology used In BurkIna,
cotton average land products on ammal traction
farms were 1 5 tImes those on manual farms

(e) By farm size The fmdlOgs are conditIOned
by the capItal mtensity of the larger farms In
Rwanda, average land products on small farms
were 1 6-2 0 urnes the average land products on
larger farms, except where larger farmers were



• For seed to make Its full contnbutIon to pro
ductIVlty, seed quality, aVaIlabIlity, and
affordabillty must be assured by publIc and
pnvate sector iDStItutlOns, through both
research and supportIve poliCies

• The case StudIes pomt to seed as one of the
most Important determmants of
productiVIty (MSU studies of returns to
agncultural research (Oehmke and
Crawford, 1993) have also showed the
PiVOtal role of effectIve seed dlstnbutlon )

• Plant-breedmg programs have developed
Improved cultIvars that have mcreased
productiVIty (hybnd maIZe m Ztmbabwe) or
mamtamed productiVity m the face of
worsenmg envIronmental condItions (short
cycle peanuts m Senegal)

DIsCUSSIOn of results for speClfic detenmnants

• Government seed distributIon and credit
programs have been cut back and seed
pnces mcreased by polIcy reforms
associated WIth structural adjustment In
Senegal, the result was IIrntted access to
seeds (reflected m margmal value products
of seed well above seed pnces), a marked
drop m use of peanut seed, and a SUbstantIal
acreage ShIft from peanuts to mIllet (With the
consequence of less mtrogen fixation by
peanuts)

• GIven preVIOUS constramts on the
development of pnvate sector mput supply
networks and rural finanCIal markets, seed
dIStnbutlon m Africa has tended to work
better when a smgle orgamzatIon prOVIdes
seeds on credIt m conJunetton WIth
complementary mputs. and recovers credIt
by controllmg output marketmg (e g , cotton
and confectIonery peanuts m Senegal, and
cotton m Burkma Faso) ThIS vertically
mtegrated approach has tended to deal more
effectIvely With the problems of coordmatmg
mput delIvery, credit, and output markets

Seed.

1ll

• Natural resource conservation
Improves farm-level prodUctiVIty
Conversely, ImprovIng farm
produettvity helps conserve resources

• Nonfarm mcome generation often plays
a key role m faCIlItatIng acqUiSItIon and
use of prodUetlvlty-enhancmg mputs

• Market infrastructure IS tmportant to
acqUISItion of mputs that dnve
produettVlty change

m SpecIal cashcroppmg programs In Zunbabwe,
rmcro eVIdence shows that maIZe average land
products on commercIal farms can be 3-5 times
those on communal smallholder farms

• ammal tractIon

• fertIlizer

as well as land and labor But actual
prodUetlVIty effects vaned substantially by
loeatton and farm household type

• lntproved seed

• Our results reemphasized the Importance of
traditionally Identified detennmants of
productiVIty m farm management studies m
Afnca

General findmgs regarduzg detenmnants

I

• Our studIes IdentIfied constramts on
availability of seed, fertIbzer, eqUIpment,
operatmg capital, and good quabty land. The
studIes also showed unequal access to these
inputs, and hence an unequal dlStrIbutIon of
benefits from unproved mput use, partly because
of unequal access to cash mcome (especIally
from nonfarm aettvitles) and to credit

• Our studIes lughllghted several determmants
of productivity that have not tradItIonally
been emphasIZed m Afnca, that we belIeve are
lInked to the changes m the econOmIC and
phySIcal context over the last few decades
(dIscussed above)
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than more decentralIzed and un-mtegrated
networks found m much of Africa The
mtegrated approach has also tended to work
better for cash crops than for food crops,
which have more than one marketmg outlet

FertIlIzer·

• AvaIlabilIty and affordabllIty ISSUes apply to
fertilizer as well as to seed, fertl1tzer differs
from seed m that

•• fertIlIZer IS more costly and financIally
nsky than seed, hence constraInts on farmer
demand are greater,

•• fertIlIZer IS bulkter, harder to store, and
more costly to transport than seed, hence
constraInts on effectIve dIstrIbutIon are
greater

• Data on farmer-managed tnals m Senegal
show eVIdence of phYSical response and
profitabilIty (but also nsktness) of fertIlIZer
use Survey data from BurkIna Faso show
eVidence of fertIlIZer Impacts on average
land product when combmed With manure
and anImal traction

• Observed fertIlIzer rates varIed Widely by
zone and crop (from under 10 to over 110
kglha, compared With an African average of
8 kglha) Greatest use (well above the
Afncan average) was 10 Ingher rainfall
areas and on cash crops; where dlstrlbu- ..
bon, credit, and marketmg/credlt
recovery were handled by a parastatal; or
where households had more nonfarm
mcome.

• The elImmatIon of credit and fertilIzer
SUbSidIes and a SWitch from government
to pnvate sector dlstnbutIon (reducmg the
area served), often associated WIth structural
adjustment programs, have had a negatIve
Impact on fertilIzer use

•• 10 Senegal, fertIlIZer use on peanuts
went from 38,000 t 10 1976 to 3,000 t m
1988, overall consumption of fertIlIZer went

IV

from 75,000 tons m 1980/81 (roughly Its
average m the 1970s) to 27,100 tons m
1985/6, 19,900 m 1986/7, and 22,400 m
1987/8, much of the fertIlIZer use was on
cotton, Irngated nce, and vegetables 
either where subSidies and credit remaIns
(cotton) or where there IS water control
(nce, vegetables)

• • m Zimbabwe, recent elImmation of
fertIlIZer credit caused a declIne m fertdlZer
use on hybnd maIZe by small farmers and a
declIne m hybnd maIZe area

Ammal tractIon

• The mam effect of anImal tractIOn shown m
AfrIca to date has been to reduce field labor
mputs and facIlitate area expansIOn
(espeCIally on lIght soils), rather than to
mcrease average land products

• Our case study 10 BurkIna Faso showed
strong farm-level Impacts of ammal
tractIon on land and labor productIvIty on
cotton m the Gumean zone, and on supply
responsIveness, efficiency of resource
allocatIon, and on manure use

• Investment 10 ammal traction IS more lIkely
for households that have access to more land,
earn more nonfarm mcome, and grow cash
crops

Organic 10puts use and conservatIon
mvestments

• PractIces that add organIc matter to SOli

and conserve water or prevent erosIOn
and help water retention (e.g, bunds, tIed
ridges, terraces) mcrease productivity,
e g , by lDcreasmg the Impact of fertilIZer
and lDcreasmg soIl mOIsture ConservatIon
mvestments are complementary With the use
of Improved 10puts and organIC matter

• • use of orgamc matter and SOli

conservation mvestments greatly mcreased
land productivity in Rwanda
conservatIOn lDvestments on low degradation

I 1



farms mcreased the land margmal value
product by 27%, for moderately and very
degraded farms, the mcrease was 28-34%
and 42%, respectIvely

• • IDvestment 10 sod conservation
investments is more hkely for farms that
are smaller (hence have less ablhty to
fallow, a substitute for these IDvestments),
earn more nonfarm mcome, and grow
cash crops.

Land and labor:

• SIze and qualIty of land matter for
prodUetlVIty, land constramts are
mcreasmgly common due to populatIon
pressure

•• in Rwanda, land rental (as compared
to ownershIp) discourages use of organIc
matter and sod conservation IDvestments,
small farms had much hIgher land
productIvIty than dId larger farms But on
smaller farms, margmal value products of
labor were very low relauve to wage rates
ThIS lDlphes lower opportunIty cost of labor
on smallholder farms than that reflected m
the agrIcultural wage probably because of
constramts to access to that labor market as
well as to nonagrIcultural employment
OpportunItIes By contrast, margmal value
products of land were much higher for the
smaller farms than land rental rates,
mdlcatmg constraInts on access to land

Nonfarm mcome'

• Nonfarm IDcome can mcrease purchased
mput use or capital mvestments where
credit IS unaVailable or costly to use, or
where other sources of cash mcome for loan
repayment are lackmg

• Nonfarm income can play a role m
facihtatmg conservatIon mvestments, for
which credit appears to be rarely avaIlable

v

• Nonfarm actiVItIes smooth household mcome
and help to reduce nsk by diversIfymg the
sources of household mcome

•• wlthm a gIVen agrOecolOgical zone, the
poor have less access to nonfarm mcome
opportumtIes - nonfarm mcome tends to
make up a smaller share of total mcome
for poor than for ncb houseltolds, poor
households are less able than rIch
households to pamcipate m high-return
nonfarm aetlvltles ThIS IS worrIsome
because unequal access to nonfarm mcome
translates mto unequal access to farm mputs
m the face of lumted credIt access

•• there IS generally a positive
relatIOnship between nonfarm mcome and
Improved mput use (fertilIzer and ammal
traction m BurkIna Faso and Senegal, peanut
seed m Senegal, conservauon practICes and
fertilIzer m Rwanda)

Markets:

• Well-functiomng mput and output
markets help farmers acqUIre and use
productIVlty-mcreasmg mputs by reducmg
transactIOns costs and nsks (e g, from
Imperfect InformatIon, or pnce volatIlIty due
to a thm market)

•• verucal mtegrauon and coordmatlon
funeuons (mput supply, credit, output
marketmg) were assured effectively by
parastatals for cotton (Senegal, BurkIna
Faso), matze (Senegal), and coffee
(Rwanda),

•• government marketIng depots and loans
m Zunbabwe helped spur adoptIon of hybrId
maIZe and use of feruhzer The costs of
these programs were high, however,
mcludmg higher consumer prIces due to
gram movement controls that force the bulk
of marketed gram output mto the State
marketIng channels and onward mto pnvate
large-scale nullmg (that tends to make gram
more expensive to consumers than do
alternatIve channels)



IMPLICATIONS

1 Sustamable mtenslficatlOn of farm
production through use of Improved mputs
that raise and sustam mcreases 10 land
productivity IS a major food secunty Issue 10

Afnca, given growmg land constramts and
sOli degradation To get needed breakthroughs
10 farm productivity, farm mput use - such
as fertIhzer, orgamc mputs, ammal traction,
and conservation mvestments - needs to flse
substantially.

2 Strategies to raise farm productivity will
need to differ, however, between favorable
and unfavorable agrocllmatlc zones With
proper conditions, much mcreased productiVity
can be expected m the favorable zones
ExpectatiOns for croppmg mtenslficatlon are
more modest for the agrochmatIcally
unfavorable and fragile zones, and attention
will need to be paid to alternative mcome
sources off-farm m the latter zones This will
promote food secunty m the agrochmatlcally
unfavorable zones and mcrease effective demand
for agricultural products from favorable zones

3 The environment and the farm productiVity
agendas are hnked EnVironmental
degradation and pressure on marginal lands
cannot be halted Without raIsmg farm-level
productiVity - yet mterventlons to Improve
farm-level productiVity must be accompamed
by conservatIOn mvestments. Intensification
on land already under cultivation can reduce
pressure to expand cultivation onto fragile
margmal lands and thus lead to more
sustamable resource use

4 Off-farm employment and the farm
productiVity agendas are hnked In many areas
off-farm mcome IS a cntlcal means to pay for
farm mputs and mvestments Moreover, much of
the growth of nonfarm activity IS hnked to
growth of farm output Growth In off-farm
employment opportumtles In rural areas IS

essentlal to aChIeVIng food secunty and
economic transformatIOn m Africa

VI

The upshot IS that mlcro-enterpnse promotion
programs that prOVide rural employment
while reducmg the cost of farm mputs and
mcreasmg the off-farm multipliers from farm
output growth are desirable

Moreover, the Importance of mcome
diverSification to rural African households means
that new croppmg technology proposed for
farmer adoptIOn must not only be finanCially and
econOmIcally profitable, but also attractive
relative to alternative uses of household
resources (e g, lIvestock and nonfarm
productIOn)

5 Cash croppmg programs spur productIVity
through provldmg cash to buy Improved mputs,
and dependmg how they are organIZed, mcrease
access from the supply Side to Improved mputs
and to low-nsk output marketmg opportumtles

6 Promotion of Improved mput use Will need
to be mnovatIve 10 order to be consistent With
Widespread fiscal constramts and the goals of
structural adjustment

In the past m many cases mput use has been
promoted m ways that are not economically
sound, that m the long run are not fiscally
sustamable Yet the reductIOn of government
programs and subSidies asSOCIated With structural
adjustment appears to have discouraged the use
of modem mputs (Improved seed, fertilIzer,
ammal tractIOn), by ralsmg cost and reducmg
availability

The upshot IS that farm mput costs must be
reduced Without returnmg to fiscally
unsustamable SUbSidies We advocate a
"middle path" between fiscally unsustamable
government outlays and complete government
Withdrawal from support to agriculture ThiS
middle path Implies substantial pubbc and
private mvestment an agricultural research,
human capital, and production and market
mfrastructure Policy reform alone (exchange
and mterest rate policy, market liberalization,
pnvabzatlon), whale Important, IS not
suffiCient to spur higher agricultural
productiVity, resource, technology, and
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market constralOts
must be tackled
government and
overcomIng them

on agncultural growth
directly by alJocatlOg
donor resources to

Pubbc IOvestment should be such that It

complements and spurs prIvate IOvestment on.

farm, m the mput dIStrIbution system, and m

prImary product processmg It IS essential

that governments and donors IOVest ID

understandmg how to promote the economic
use of the tools of sustamable IntensificatIon _

fertdJ-Zer, arumaJ tractIOn, orgamc mputs, and
sod conservation mvestments

Thus the debate should be reopened on

IdentIfymg cost.effectlve ways of mcreasmg

access to mputs, by unprovmg the delivery of

Inputs and glVmg farmers the means to pay for

them ThIS effort IS especIally appropnate m

countrIes whose macroeconOmIc environment

has become more favorable through structural

adjustment ThIS should be a pnorIty polley

Issue m Africa m the 19905 and beyond
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Raising Farm Productivity in Africa to Sustain Long-Term Food
Security

1 INTRODUCTION

1 1 Background

This study bUilds on the considerable edifice of farm management, farming systems, and

rural economy studies m the 1960s and 1970s by Abalu, Barrett, Benolt-Catlm, Byerlee,

Charreau, Chuta, Cleave, Collinson, Delgado, FalusI, Faye, Flinn, Lledholm, Massell, Matlon,

Mcintire, Norman, Nweke, OlaYlde, Ruthenberg, Shapiro, Spencer, Tourte, Upton, Wolgm, and

others, who advanced our understandmg of the determmants of productivity m Afncan

agriculture and the behavior of the rural household Their work showed the benefits of uSing

Improved rpanagement practices and Inputs such as fertilizer, animal traction, and manure,

and pomted to connectIOns between the farm and nonfarm, and the croppmg and livestock

economies

In the 1960s and 1970s, most rural Afncans were subSistence farmers producmg for their

own consumption and usmg few, If any, purchased mputs African agnculture was viewed

as land-abundant and labor-constrained, so the focus was on ralsmg average labor product and

expandmg cultivated area, and on promotmg a shift from subSistence to commercial

agriculture

DUring the last 20-30 years there have been radical changes m the physical, social, and

economic environment m rural Afnca Ramfall has declined on average and a senes of major

droughts have underscored the severe risk of ramfed agnculture m Africa, sOils have degraded,

and land constramts are growmg Lele and Stone (1989) Population growth and urbamzatlOn

have accelerated, to the pomt where the populatIon growth rate now exceeds the overall

growth and the food output growth rates throughout much of the contment Many countnes

now Import substantial quantities of staple foods
I

Although research In the 1960s and 1970s showed the potential for increasing crop

productivity with 'modern' mputs, Afnca has seen few Green Revolutions, particularly In food

1
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crops Exceptions Include relatively short-lived successes In hybrid maize In Zimbabwe and
-{

Kenya In the 1960's and In MalawI, Zambia, Zimbabwe, NIgeria, and Ghana In the 1980s- ;

1990s, cocoa In Ivory Coast and Ghana, and cotton 10 Francophone West Africa

In the face of these physical environment and demographic changes, both rural households

and governments changed their economic strategies dUring the last two decades Farm

households have become much more Involved 10 the larger economy, while governments have

recently been Withdrawing from direct tnvolvement In the farm economy Although many rural

households stili rely on home production for a large share of their staple food supply, most

now participate In the monetized economy by selhng crops and other home-produced goods,

and by earning a substantial share of their tncome from nonfarm actiVities Agnculture alone

no longer provides an adequate livelihood for most

The dnve to Improve farm-level productiVity was thwarted to a certain extent by macro

economic cnses and adjustments dunng the 1980s and 1990s External debt, rapidly

tncreaslng food Imports, and fiscal deficits led to devaluation of currenCies, and cutbacks 10

or elimination of rural-service parastatals, farm Input and consumer SubSidies cut, and farm

eqUipment, seed, and fertilizer programs It does not appear that the pnvate sector qUickly

filled the breach, so It has become Increastngly difficult for farmers In many countnes to

obtain the productlvlty-enhanclng Inputs that they were encouraged to adopt In the 19605 and

19705

Collectively, these changes In the phYSical, social, and economic environment do not

appear to be haVing a POSitive Impact on the agricultural sector The rate of growth In farm

average land products In many areas IS below population growth rates (see section 4) In

some countnes agncultural growth has stagnated and 10 others It IS even negative

We feel, however, that sweeping statements aboutagncultural productiVity based pnmanly

on aggregate national crop production statistics are not enough to adequately Inform policy

makers about the state ot AtTlcan agncultural produettvlty or what poliCies, institutions, and

technologies are needed to Improve It The transfer of attention to structural adjustment

programs and to Improvement 10 macro-economlc indicators dunng the last decade was

accompanied by an emphaSIS In research on macro Issues and away from the detailed farm

management studies typical of the 1960s and 19705

Consequently, much of the recent analYSIS of agncultural productiVity relies on aggregate

statistiCS A necessary complement to that aggregate work IS the work of "digging below"

,
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the aggregate surface to examine how productivity and mcomes are evolvmg at the household

level and how they vary by zone, type of household or type of productIon technology used

Fortunately, some recent studies collected detaIled data on crop productIOn actIvities and

other facets of rural household Income and expendIture behaVIOr The key objective of our

study IS to use the available household data to add a micro dimension to our understandmg

of factors that are either mcreasmg or constramlng agricultural productIvIty across a broad

spectrum of crops, agrocltmatlc zones, and types of households

1 2 Scope

The Development Fund for Afnca addresses the mutually-dependent goals of ralsmg

agncultural productivity and promotmg long-term sustamablllty of natural resources as a

means of ImprovlOg economic growth and food security The Food Secunty II Cooperative

Agreement of Michigan State University has a policy research agenda aImed at Identlfymg

technologies, poliCies, and mstltutlons that Will help attain these goals

In that context, AID/AFRISD/PSGE/FSP has financed research on agncultural productIvIty

by MSU, as part of Food Security 1\ The present document IS a syntheSIS of results on

patterns and determmants of agricultural productIvIty from four African case studies based

mamly on primary data collected by the authors and collaborators The case studies were

undertaken 10 collaboration between MSU and African research mstltutlons to strengthen the

policy research capacIty of those instItutions Study results have been the object of a senes

of outreach and policy dISCUSSIons 10 the study countries and In regional fora Details of the

methods and country-specific results are reported In the case study documents available under

separate cover'

1 The four case studIes are (1) Savadogo, K, T Reardon, and K Pletola, "RalSmg farm
produettvlty m Burkma Faso for sustamable long-term food Security", October 1994, (2) Byrrmgrro, F ,
D Clay, J Kangasmemt, T Reardon, B Sibomana, "RaIsmg farm produettVlty m Rwanda for
sustamable long-term food secUrIty", November 1994, (3) Kelly, V , B Dlagana, M Gaye, E Crawford,
T Reardon, "Farm productIVIty m Senegal", November 1994, (4) Jayne, T , C Thutle, Y KhatrI, B
Kupfuma, T Reardon, "Determmants of farm productiVity m ZlIDbabwe", December 1994

The matenal m the case studies IS broader than the ISSUes treated here, where we concentrate on the
determmants and constramts, leavmg much of the diSCUSSion of methodologlcallSsues, capItal formatton,
and mlXed-croppmg for other documents
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The policy research objectives of the project were to (1) Increase and update our

understanding of the key determinants of and constraints to Increased farm-level crop

productIvIty, (2) dIscuss the policy and research Implications of the findings To those ends,

the study examines levels and determInants of productIvity by agrochmatlc zone, by specific

crops, and by types of technology BesIde examining physlcallnput/output relatIonships, we

also examine factors that indirectly Influence crop productivity (for example, other farm and

nonfarm actIVIties, the changmg phySical enVironment, and the evolution of agncultural

policy)

1 3 Layout of the report

The report proceeds as follows Section 2 dIscusses defimtlons and methods Section 3

describes the case study contexts and the data used Section 4 presents patterns In average

factor productivity In the study countnes Section 5 discusses findings concerning the key

phYSical determinants of productivity (seed, fertlhzer, land, labor, and animal tractIon) and

condltlonang factors (markets, credit, nonfarm Income, farm sIze) In the four case study

countries SectIOn 6 concludes with strategIc, policy, and program Implications

2 CONCEPTS and METHODS

21 Concepts

The study's mandate IS a focus on farm-level producttvtty OutsIde of our scope IS the

Issue of how changes In farm-level productIVIty (and changes In policy to effect them) affect

the rest of the economy In practIce, these economy-wide effects can be complex -- for

example, government support programs can spur peanut farmers' adoption of Inputs that raise

Yields, which can In tum Increase the effiCIency of downstream markets and processing

plants, but subsIdy outlays to spur Input use can Increase fIscal defIcits and general pnce

levels The effects are indeterminate a pnofl and are thus an empirical knowledge gap to

address elsewhere
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Here we define "productivity" as the output denved from a standard Unit of Input It shows

how efficient IS the producer's use of the Input That efficiency IS conditioned or determined

by the technology, the level of use of the Input, and levels of use of complementary Inputs

For example, average land productivity IS the average output per Unit of land used, and IS

conditioned by the amount and type of land used, and the farmer's use of fertilizer and animal

traction It IS also conditioned by other characteristics of the farmer and her/hiS milieu -

education, rainfall, soli quality, and so on

"Average Input productivity" IS thus the output diVided by the Input level (e g total millet

output diVided by total land used for millet) "Marginal Input productivity" IS the additional

output (at the margin) produced by an extra Unit of Input used (e g how much millet an

additIOnal hectare of land will produce, say beyond the average land used), conditioned by the

same set of conditioners as noted above

To compare across goods, to compare with factor pnces, or to aggregate over goods,

productlvltles are commonly valued at the output pnce The marginal product of land,

multiplied by the pnce of the good produced by that additional Unit of land, IS the "marginal

value product of land"

Farm productivity measures can be defined With any number of crops In the numerator -

from one to all When there are more than one they are aggregated uSing pnces as weights

LIkeWise, there can be one or more Inputs In the denominator, again summed (weighted by

their pnces) When all crops of the farm are In the numerator and all Inputs In the

denominator, one has an Index of "total factor productiVity" When a SIngle Input IS used (WIth

one or more outputs) one has "partial factor productiVity"

If the producer IS economically rational and there IS no constraint to the use of an Input,

In theory the marginal value product should equal the pecuniary factor pnce If, however, for

example, there IS a constraint In the farmer's access to the labor market, It IS pOSSible that

the marginal value product of labor would be below the wage, indicating a kind of excess of

labor Or, If the marginal value product of for example seed IS above ItS price, that means that

farmers could effiCiently use more seed (as marginal return falls until marginal value equals

the seed price), but for some reason (such as credit "mlts) the farmers are constrained In their

access to seed

Moreover, If a given Input IS allocated effiCiently, the marginal value product of an Input

for one crop should equal the same for any other crop a farmer grows If they are not equal,
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there IS some factor access constramt (e g there are limits to the type or quality of land on

which she can grow cotton), or non-optimal behavior due to presence of risk (say safety-first

behavior), or a rotation constraint Then, for example, the farmer might find herself In the

situation where she could earn more on each additional acre If she could put the land under

maize or cotton, but cannot, because of limits on avatlabillty to the proper quality or type of

land for cultivation of these crops, so she has to put the extra land under millet and sorghum

In this report we work with all the above concepts and measures, but choose applicable

measures somewhat differently by case study, with emphasIs on single crop productivity

measures In the farm-level case studies (Burkina, Rwanda, Senegal) so that allocation

effiCiency can be examined and because specIfic Input-to-crop allocatIon data are avatlable

Total factor productIVIty determinants are more interesting In the case of longer time senes

and more aggregate data (when large exogenous changes such as research and development

can be charted), and are thus used In the Zimbabwe study There IS a tradeoff here gIven data

constraints -- the farm-level data sets are usually short time senes but have nch Intercrop and

mter-farm-type Information The meso and macro level data sets are usually longer time senes

but lack detail to determine crop specific factor average land products

22 Methods

Average productlvltles are Simply calculated uSing average output diVided by Input used

by farms of a given type (say ammal traction-using farms In the GUinean zone of Burkina

Faso) By contrast, calculation of marginal productlvltles reqUires estimatIon of productIOn

functions or profIt functions

The production function IS output explained by use of vanable Inputs (labor, land, fertilizer)

and capital Inputs (land, eqUipment), and other condItIOning factors such as ramfall Given an

estimate from the function of the marginal effect of e g labor on millet output, one can and

we did examine how thIS marginal Impact changes when there are different levels of the

conditIOning factors (such as how much more productive IS an extra Unit of labor when

fertilIzer use IS higher)

One can then ask what determInes use of Inputs and condItiOning variables - including

polley and other household-level determinants like nonfarm Income. For example, In Burkina

Faso we studied what determined the adoption of ammal tractIOn, and then split the sample
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Into tractIOn users and manual households, and then asked how their productIvity differed by

estimating production functions for the groups Thus, through the production function and

Input use functions, one traces how pnce and non-pnce vanables, themselves Influenceable

In part by policy, determine productivity levels

3 DATA/COUNTRIES/ZONES

Three sets of farm-level, and one set of aggregate (group) data were used The first two

farm-level sets are for the two semi-and troPiCS case studies In the Sahel, Burkina Faso and

Senegal, the third IS a tropical highlands case study, Rwanda The fourth study uses aggregate

tIme senes for smallholders and commerclallargeholders In Zimbabwe The case studies focus

on two agroecologlcal zones that cover much of the Afncan population the semi-and tropics

and the highland tropics

The farm-level data were collected by the authors and collaborators, and constitute some

of the flchest panel data sets In Afnca -- detailed data collected fortnightly or monthly dunng

the study years, on Incomes (from farm and nonfarm activities), production, pnces,

transactions, Input use, and other vanables Hence they go beyond the usual farm

management data set that focuses mainly on crop production The nchness of the data

contnbutes to our being able to Introduce tOPiCS that have been relatIvely neglected In other

productivity analyses, such as the Impacts of conservation Investments and the role of

nonfarm Income The Zimbabwe data set IS similarly rare In Afnca, as there are few long time

senes that distingUish small- and large-holders for a given country Below are more detaIls on

each case study

(1) Burkina Faso the survey data cover five growing seasons from 1981-1 985, a penod

of two severe droughts and three relatIvely good-rainfall years 2 The survey sample was 150

households spread over three agroecologlcal zones (50 each, In two VIllages of 25 each)

(I) Sahehan zone, In the north The zone IS very poor agrochmatlcally, with extremely

vanable rainfall over years Farms produce mainly coarse grams and livestock There IS little

use of animal traction or fertlhzer Irngatlon IS not used Households have (relative to other

2 See Matlon (1988) for detaIls concernmg the survey method and coverage

7

I I

I I
I II

1:1
I

I': II
I ': I'I

III
, I
I I

iL
I
I

I
I I



zones) substantial livestock holdIngs There IS only moderate population denSIty SOils are

degraded and the commons are dIsappearing due to bush removal and eroSion

(II) Sudanran zone, In the center The zone IS poor agrocllmatlcally, wIth moderately

variable rainfall Farms produced mainly coarse grains and livestock There IS little use of

anrmal traction or fertlhzer, and no Irngatlon Households have only small livestock holdings,

due to lack of pasture and to destocklng over recurrent droughts There IS a land constraint

gIven hIgh population denSity on arable land SOIls are degraded and the commons are

disappearing due to bush removal and erosion

(III) GUInean zone, In the south The zone IS medlum-to-good agrocllmatlcally, wIth low

vanablllty of ralOfall Farms produce coarse gralOs, cotton (an Important cash crop) and pulses

There IS moderate use of animal traction and fertilizer Irngatlon IS not used Household

livestock holdIngs are small on average, but vary considerably The land constraint IS less

advanced than In the Sudanran zone Sods are not very degraded, and common bushlands are

stIli avaIlable and In good shape

In all zones nonfarm Income as a share of total household Income - Income diversIficatIon

- IS substantIal The shares for nonfarm Income In total Income In Burkina (Reardon et al

1992) for our case study was 37 percent In the Sahehan zone, 20 percent In the Sudanran,

and 40 percent In the GUinean

(2) The Senegal study analyzes crop production data for the 1989/90 growmg season, a

year of above-average rainfall These data are supplerpented with Income and expendIture

data covenng two years (October 1988 through September 1989) The sample consists of

140 households spread over the follOWing fIve zones of the Senegalese Peanut BaSIn (1)

North, In the Sahehan agrocllmatlc zone, wIth rainfall of 300-500 mm, and sandy sOils, (2)

Center-west, In the Sudano-sahehan agrochmatlc zone, with rainfall of 500-700 mm, sandy

SOI(S, and land constraints, (3) Center, also In the Sudano-sahehan zone, with rainfall of 500

700 mm, and sandy sOIls, (4) Southwest, In the Sudano-gulnean agrochmatlc zone, wIth

rainfall of 700-1000 mm, sandy solis. and land constraints. (5) and the Southeast, also In the

Sudano-gUinean zone. wIth rainfall of 700-1000 mm, and rocky and clay sOils

The northern zone IS much more dIversIfIed Into nonfarm and mIgratIon actIvItIes than the

others and hvestock IS Important. Kelly et al (1993) show the share of nonfarm Income In

total Income for the same sample to be 64 percent The agncultural base IS extremely

degraded due to low rainfall, loss of tree cover. and erosIon
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In the central zones, cropping Income and total household Income are subject to extreme

fluctuations, households are not as fully diversified away from crop production as In the north

and have more difficulty covenng Income shortfalls when crops fall Kelly et al 1993 show

that the share of nonfarm Income In total IS 24 percent The central Peanut BaSin IS densely

populated by Senegalese standards (70-85 persons per square kilometer), making It

increasingly difficult to earn a liVing from either cropping or animal husbandry

The two southern zones benefit from better SOils, better rainfall, and proximity to the

Gambia The latter prOVides a source of less expensive Inputs (fertilizer, for example) and

food products (nce, sugar, and tea In particular), and Increases options for households to earn

nonfarm Income through cross-border commercial actiVities The share of nonfarm Income In

total Income IS 43 percent While the southwestern zone IS faCing land constraints (32

persons per square kilometer), thiS IS not true In the southeast (7 persons per square

kilometer) Pasture land IS also relatively abundant In the east, making ammal husbandry a

major Income source In thIS zone

Peanuts and millet (and sorghum In the southeast) are the pnnclpal crops In all zones The

southeast also produces some cotton and maize, but the number of fields was so small that

we have not done any detailed analYSIS of these data Cowpeas are becoming increasingly

Important In the north and the center, but they stIll represent a very small share of land

cultivated and crop Income In these areas

TransportatIon and market Infrastructure IS relatively good (by Afncan standards)

throughout the Peanut BaSin, however. the lower population denSity In the southeast means

that the population In thiS zone generally needs to travel longer distances to get to paved

roads and markets

(3) The Rwanda study covers three growing seasons, 1988-1991 The data are from a

farm-household survey based on a nationwide stratified-random sample of 1.240 households

The survey was undertaken by the Agncultural Statistics DIVISion (DSA) of the MInistry of

Agnculture and Animal Husbandry (MINAGRI) In collaboration With MSU The sample IS

spread over the country's five agro-ecologlcal zones The dlstnbutlon of households across

zones IS as follows 192 In the Northwest zone, 192 In the Southwest, 288 In the North

Central, 256 In the South Central, and 312 In the Eastern zone Agro-ecologlcal zones are

defIned according to differences In altItude, rainfall, SOIl type, and a vanety of agncultural

charactenstlcs Including cropping patterns and livestock ownership (see Clay and DeJaegher
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1987) These all he within the tropical highlands, with rainfall ranging from 800 to 1300

mm/year

On average, households cultivate slightly less than one hectare of land, the dlstnbutlon of

landholdings 15 ineqUitable by the standards of African smallholder agriculture (with a seven

fold difference In land per person between highest and lowest landholder quartlles) The Glm

coeffiCient for distribution of land per person IS about 43 (versus 2- 3 In the WASAT)

Pulses, roots, tubers, and grains are the main food staples, and coffee and tea are

Important cash crops Farming IS labor-IntenSive Hoes and machetes are the basIc farm

Implements, ammal tractIOn IS not used Livestock husbandry 15 Integral to the farming

system, but the progressive conversion of pasture Into cropland has caused a reduction In

livestock production In recent decades, and a parallel decline In the amount of manure

available for Improving SOil fertility Rwanda's average population density IS among the

highest In Africa Virtually all arable land IS now used for agriculture, marginal lands once set

aSide for pasture or left In long fallow are now coming under more intensive cultivation Rural

Informal and formal credit 15 qUite underdeveloped With access low Lovendge (1992) finds

that nonfarm Income (from wage labor sales and Independent enterpnse) 15 25 percent of total

Income for the sample, although the average vanes from 10 to 38 percent over 10

prefectures Cultivated holdings are very small, and are fragmented Into many smaller plots

The vast majority of landholdings are owner-operated, only 9 percent are rented Most

households own a few small ruminants, less than a quarter own cattle

(4) The Zimbabwe study uses two aggregate time senes, one for smallholders (1975

1990) and one for large commercial farmers (1970-89), Without distinction of agrochmatlc

zone The largeholder data are from the Central Statistics Office and the smallholder data are

from the aggregate agricultural accounts complied for the communal sector by the Mlmstry

of Lands, Agriculture and Water Development The data were compiled by Thlrtle, Khatn, and

Jayne

Zimbabwe's agricultural structure IS bl-modal, characterized by a large-scale, capltal

intensive commercial sector and a small-scale, lOW-input smallholder farming sector The

commercial sector IS composed of about 4,000 farmers of mainly European descent

controlling 35 percent of the country's arable land, while the other 65 percent IS managed by

about 1 million Afncan smallholder households The 4,000 or so commerCial farmers normally
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account for about 70% of the nation's agncultural output and 80% of the marketed output

(Thlrtle et ai, 1993)

The country IS divided Into fIVe "Natural Regions" which are differentiated by rainfall and

productive potential Regions I, II and III receive the highest rainfall and are most SUited to

agncultural production Regions IV and V receive under 650 mm of rainfall on average, and

are prone to frequent and severe drought About 75 percent of all smallholder land IS located

In these relatively unproductive regIOns About 58 percent of the land In the relatively

productive Regions I, II and III IS commercial, 36 percent IS smallholder, and the remaining 6

percent IS composed of national parks and other public lands

The data used for both models was compiled by Thlrtle et al and a detailed deSCription

of the baSIC data can be found therein

The data for the largeholder (commercial) sector are composed of yearly observations for

the aggregate group, for (1) outputs, aggregated with a DlVlSla Index Into three groups, (I)

food crops (maize and other grains), (II) IOdustnal crops (tobacco, coffee, and other export

crops), and (III) livestock and livestock products, (2) variable Inputs, are also aggregated With

a DlVISla IOdex, IOto four groups (I) hired labor, (II) livestock-related IOputS (feed, veterinary
#

costs, purchases from the communal sector), (III) chemical/crop-related Inputs (fertIlizer, other

chemicals and packing), (IV) runmng costs (vehicle maintenance, transport, sundries, services

and licenses), (3) quasI-fixed Inputs (vehIcles and bUildings), (4) total land In the commercial

sector, (5) condltlonlOg factors (research and extensIon rainfall, and world patents

The data for the smallholder (communal) sector are composed of yearly observatIOns for

the aggregate group, for (1) outputs (1) outputs, aggregated WIth a Dlvlsla Index Into three

groups, (I) maIze, (II) livestock, and (III) other crops (cotton, peanuts, sunflower, sorghum,

mIllets), (2) vanable Inputs, are also aggregated WIth a Dlvlsla Index, Into two groups (I)

livestock Inputs, (II) crop Inputs, (3) fixed IOPUts, (I) labor (total number of people engaged In

agriculture, less those employed on commercial farms) and (II) land, (3) conditIOning factors

(research and development and extension expenditures, the number of Grain Marketing Board

(GMB) bUYing statIons servIcing smallholder areas, the annual number of government loans

dIsbursed to smallholders, and rainfall)
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4 PATTERNS IN PRODUCTIVITY AGGREGATE VERSUS DISAGGREGATED

We begin by a bnef look at aggregate patterns, then at patterns In the farm-level data,

then at the need to broaden our view of farm productivity by looking beyond crops and at

nonfarm Income of rural households

4 1 Aggregate Patterns

For aggregate patterns, we used FAO data per crop to calculate growth rates In average

product per actIve agncultural worker and per cultivated hectare over 1961-1991 for Burkina,

Senegal, and Zimbabwe We did so by fitting linear function of average factor product to time
I

trend For Burkina, we found annual rates for average land product (labor product) to be 1 7

(0) percent for maize, 7 ( 3) percent for millet/sorghum, and 3 8 (0 1) percent for cotton 

the latter being the main bnght spot For Senegal, the figures were 1 6 ( 1) percent for maize,

6 (- 2) percent for mdlet/sorghum, and -0 (-1 5) percent for peanuts These results show

slow or stagnant productiVity growth over the penod, per worker, and per hectare, for most

crops In the four study countnes In general, average land products grew more qUickly than

did average labor product, indicating increasing population densIty per hectare

In Rwanda, we used both the DSAIMINAGRI farm-level senes covenng 1984-91 (one of

the longest farm-level surveys In Afnca) and FAO numbers, covenng 1979-1991 The two

senes dIffer somewhat 3 The land productIVIty of only three crops, maize, wheat, and soya

(covenng 10 percent of cultIvable land In 1990) Increased dunng 1984-1991 according to

DSA data Maize had an annual growth rate of 2 percent accordIng to DSA, and 1 percent

measured by FAO But these growth rates are only about half the population growth rate (3 4

percent) DSA shows land productIvIty losses for nine crops that cover nearly 90 percent of

3 The figures from FAO are based on data provided by the Munstry of Agriculture usmg past
estunates, reports from local authontles, and research Institute crop cut estimates, m addition to the DSA
survey data FAO Produetlon Year Books are not very explIcit on how the yields are defined Accordmg
to our understandmg, FAO production figures are annual, and theIr harvested area mcludes fields under
annual (seasonal) crops We further assume that therr cycle for cassava 18 18 months

With these assumptions, FAO yield figures are substantially above those of DSA for most crops
DSA's 1989-91 mean yield estunates for maIZe, sweet potatoes, and cassava are 23-30 percent below
those of FAO, and the estlffiates for sorghum, coffee, and potatoes are 12-18 percent below the FAG
figures Only bean yield estimates are the same from the two sources
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the cultivated land In 1990 sorghum and potatoes (stagnant average land products according

to FAa), sweet potatoes, coffee and cassava), dry peas (2 percent annual loss), peanuts,

beans (a 1 percent annual loss according to DSA, a 1 percent annual average land product

gain according to FAa) and bananas

In Zimbabwe, the FAa data over thiS long penod show a dim picture for maize, the main

food crop, With land productiVity growing only at 1 1 to 6 percent per year, and labor

productiVity barely moving, at 3 percent per year But thiS disguises rapid average land

product growth In maize starting In 1981, and after dips In average land products from

droughts In 1982-4, a rise again In 1985 and 1986 Smallholder sector TFP grew at 7 percent

annually from 1975 to 1990, but tapered off since 1985, when the growth rate of maize

production has been outstnpped by population growth After rising dramatically dUring the

early 1980s, per capita maize production In the smallholder sector dunng 1989/91 had

declined to about the same level as It was at Independence Smallholder maize area peaked

m 1985, and has declined at an average rate of 55,000 hectares per year from 1985 to 1991

Most of the decline In smallholder maize area appears to be m the lower-ramfall areas that are

already subject to chromc food defiCits (Reasons for the decline are discussed In section 5)

For the Zimbabwe large-scale commercial farming sector, agncultural output growth had

grown at an annual rate of over 4 percent dunng the 1970s, but thiS rate dropped to Just over

2 percent dunng the 1980s However, total factor productiVity dunng the 1980s mcreased

3 5 percent annually, compared to 3 4 percent dunng the 1970s

Thus, In general, average land products and average labor product In the four study

countnes were more or less stagnant except In the cases of cotton and maize In Burkina,

maize, wheat, and soya In Rwanda, and maize In Zimbabwe dunng the first half of the 1980s

The situations where average land products were substantially raised were mainly cash crops

(also food crops, With the exception of cotton) that received a fair amount of promotion,

market support, and complementary Inputs at the farm-level The failures or stagnation are

mainly the subSistence or seml-Gommerclahzed food staples, With the exception of peanuts

In Senegal

13



---------------------.-
~II J
."

4 2 Dlsaggregattng the aggregate pIcture

14

;

~')

,y
It,

f

""-
The farm-level data allow us to "dig below" the country-level data discussed In 4 1, -~1 ~ , ,~

examining differences by agroecologlcal zone within a country, and by farmer type and good ~ w, 1s
f ~%~

versus bad year This disaggregation IS Important to our understanding of the determinants ' , ~;..

"~

of productivity change, and their policy and technology Implications

First, data used for national and FAD statistics are usually broken down by administrative -'I

regions which are less useful than agrochmatlc zones for understanding productivity

differences Farm-level data, by contrast, are often selected with agrocllmatlc zones In mind -:... ~

There are often large differences In farm productivity over zones within a country Average - J! r'

land products and average labor product In agrochmatlcally-unfavored zones IS on average well "'1

below that In agrochmatlcally-favored zones, which have higher and more stable rainfall

In BurkIna Faso, for example, over 1981-85, the ratIo of favorable (GUinean) zone land -:

productIVIty to that of the unfavorable (Saheltan and Sudanlan) zone IS 1 5 for millet, 1 5 for ~

sorghum, 1 2 for maize, and 3 for cotton

In Senegal, there IS no statistically slgmficant dIfference In peanut average land product r

per hectare across agrochmatlc zones ThIS may be due to the development and extension of

peanut vanetles that are adapted to different types of ratnfall regimes For millet, however,

there IS a statistically Significant difference In average land products between the Sahehan

zone (Northern Peanut Basin) and one of the Sudano-Sahehan zone (Southwestern Peanut

Basin) The better average land products In the Sudano-Saheltan zone are 1 7 times the land

products In the Sahehan zone

In Rwanda, over 1989-1991, the ratio of the zone With the best productiVIty In a given

crop to the worst was 1 7 for beans, 3 1 for maize, 1 4 for sweet potatoes, 3 8 for whIte

potatoes, 1 4 for bananas, and 2 4 for coffee Average labor products also differ greatly over

zones, more or less WIth SImilar patterns

Second, annual aggregate growth rates mask large differences In average land products

between years and across zones That vanatlon IS hIghest In the semI-and areas WIth greatest

rainfall vanatlon In Burkina, for example, total factor productiVity for animal tractIon

households In the favored (Guinean) zone vaned from 1 to 66 to 87 to 54 to 99 from 1981

to 1985 (With the large dips In 1982 and 1984 due to drought) In the unfavored

(Sahehan/Sudanlan) zone, the changes were even sharper, mlrronng greater Instablhty of



rainfall 1m 1981,then 11,165, 56, and 146m 1982-1985 Moreover,theratloofmlllet

average land products m the Sahehan zone In a good year to those In a bad year IS 3 6 -

about tWIce the average difference of average land products over favorable and unfavorable

zones for mIllet The good bad year ratIo IS only 1 2 for millet In the favorable (Guinean) zone 

- reflecting less rainfall variabilIty Interestingly, the ratio of average land products of mIllet

between favorable and unfavorable zones In a good year IS only 1 05 -- so with plenty of

rainfall the zone differences are nearly erased

ThIrd, average land products can differ greatly over technology regImes In Burkina, for

example, millet and sorghum average land products are very close In the GUinean (and the

Sudan/an) zone between ammal tractIon and manual households But for cotton, the ratIo of

tractIon to manual land average land products IS 1 5 on average

Fourth, average land products can dIffer as a function of farm size Land IS relatIvely

equally distributed In the Sahel (e g Burkina has a land Glnl of 30) while In Rwanda land IS

less equally dlstnbuted (a Glnl of 43} In Rwanda, for example, we find that the ratio of

average land products of the smallest farm quartile diVided by the largest farm quartile IS 1 6

for bananas, 2 for white potatoes, 1 7 for sweet potatoes, 1 6 for beans, 1 9 for coffee In

ZImbabwe, mIcro eVIdence shows that maIze average land products on commercIal farms can

be 3-5 times those on communal smallholder farms

FIfth, marginal value products can also dIffer over crops EconomIc theory predIcts that

they should not differ - where there are no constraints In land, labor, or capital access or no

market dIstortIOns Nevertheless, this does not always hold In Afnca because of factor

constraints and market distortions We found In Burkina, for example, that land and labor

marginal value products were much higher for cotton and maIze (cash crops) In the GUinean

zone than are those of millet and sorghum, subSistence crops In Rwanda, average value

products differ over crops, as bananas and coffee earn about tWice as much per hectare as

do beans and sweet potatoes (that IS, cash crops earn much more than do subSIstence crops)

But In both countnes, there are constraints on access to the type and quality of land that the

hIgher value crops requIre

SIxth, marginal value products can dIffer from their pnces ImplYing under- or over-use of

factors gIven the levels of complementary Inputs For example, In Rwanda we find that the

marginal value product of land use by small farmers IS well above the rental pnce of land,

ImplYing a land constraint The wage IS above the labor marginal value product, Implying
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constramts to access to the labor market (either agricultural or nonagricultural) In Senegal,

the margmal value product of peanut seed exceeds Its price, indicatIng access constraints to

seed At the same tIme, the marginal value product of labor IS below the estimated wage

rate, mdlcatlng that more than the economically optimal amount of labor IS beIng used This

conclusIon assumes that those workIng In the fIelds could fInd wage employment at the

estImated wage rate, not a certainty gIven poorly functlonrng rural labor markets In Senegal

In sum, farm-level data allow us to go "below" the surface of the aggregate data DespIte

our fmdmg a number of constraints and much eVIdence of stagnation, we also found that

there are sItuatIons where there has been dramatic average land product Increases In some

periods (cotton and maIze In BurkIna or ZImbabwe), and very productive zones such as the

favored zones In the southern band of the western semi-and tropIcs, or pockets of very

productive agnculture In the Rwandan hIghlands Aggregate data hide these farm-level

successes Yet It IS the determrnants of these successes that we need to fathom, as a gUide

to future action

4 3 Broademng our perspective - adding the nonagnculturat sector

Hili (1982) laments that even up through the early 1980s the traditional vIew persisted

that the typIcal African rural household IS exclusIvely engaged In farming, wIth only very minor

actIvity outsIde the agncultural sector Early work In Nlgena by Norman (1973), Matlon

(1979), and HIli (1982) showed that this IS a mIsconception More recent studIes In Botswana

and ZambIa (Low 1986), Kenya (Colher and Lal, 1986), Burkma {Reardon et al 1988}, Senegal

(Kelly et al 1993), Niger (Hopkms and Reardon 1993), Loveridge (1992) and a few others

(see Reardon et al 1993 for a revIew of thIs eVIdence for the WASAT, undertaken as part of

the current productiVity proJect) confIrm that Afncan farmers substantIally dIversIfy their

Incomes beyond farming mto nonfarm actIVItIes, thus reversmg that traditional Image In

general the more recent studies show that households diversIfy more than formerly Reardon

et al (1993), revIewing eVidence from the West Afncan semi-and tropics (WASAT) for thIs

productiVIty proJect, found that nonfarm mcome vaned from zone averages of 20 to 64

percent of total Income (Simple average of 39 percent), and non-croppmg Income ranged from

31 to 83 percent (Simple average of 48 percent) Earher studies found that the range was

2030 percent (Haggblade et al )
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Moreover, Reardon et al (1993) show that most of total Income In the rural areas of the

WASAT IS from "productlon-hnkage" activities (upstream and downstream from local

agnculture -- I e supplying Inputs and services to the farm or uSing outputs from the farm In

processing and marketing) for Burkina, 60 percent In the Sahellan, all In the Sudaman, and

90 percent In the GUinean zone In Senegal, the shares are 40 percent, 38 percent, and 40

percent, respectively for the three zones The other Income IS either from migratIOn, or hnked

to local towns

Yet the nonfarm Income In Burkina, Rwanda, and Senegal IS poorly dlstnbuted with both

share and absolute levels much higher for richer households In a given zone The poorest are

most dependent directly on cropping Comparing the share of nonfarm Income In total

household Income for the lower terclle versus the upper terclle, Reardon et al (1993) found

In Burkina 19 vs 46 percent In the Sahehan zone, 14 vs 26 percent In the Sudaman, and 29

versus 51 percent In the GUinean zone The patterns are Similar In Senegal 40 vs 75 percent,

28 vs 24 percent, and 29 vs 42 percent In Rwanda, Lovendge (1992) found that households

In the lowest Income/AE quartile earned 17 percent of Income from nonfarm actiVities (self

employment plus wage labor), while the richest quartile earned 33 percent -- the Sahel

pattern

Therefore, a narrow focus on crop output and crop productiVity neglects the Important

nonfarm dimenSion of farm household's actiVity that can be nearly half of ItS Income -- and

output per person There IS thus much more economic activity In rural areas In Afnca than Just

crop statistics show -- and thiS corroborates Important work on Afncan rural mlcroenterpnses

by Lledholm, Chuta, Mead, et al That Reardon et al (1993) also found that most nonfarm

activity IS related upstream or downstream to agriculture (tn the WASAT) further strengthens

the case to count the full output In both sectors of the rural household toward ItS

"productiVity" These findings complement the recent study by IFPRI sponsored by

AID/AFRISD/PSGE/FSP (Delgado et al 1994), shOWing the Importance of consumption

linkages In rural Afnca

The above argument reflects on the "numerator" of the average land product measure The

flip Side of the argument touches on the "denominator" of the labor productiVity measure In

the crop sector as members of the household are working part or full time In the nonfarm

sector, It would be Inappropnate (though usual In aggregate statIsticS) to diVide crop output

by rural persons inSide a certain age bracket One would have to remove from the
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denominator the eqUivalent In persons of the time used off-farm, thus increasIng the crop

average land product measure We have done this In our measures In our farm-level studies

Moreover, the nonfarm component of the rural economy and household has five Important

but understudied Impacts on farm productivity and Investment

(I) Nonfarm actiVitIes affect the product market as they Include processing, transport, and

marketing activities, and they affect the Input market, as they Include prOVISion of Inputs to

farms (farm labor, ammal traction Implement repairs, and so on)

(II) Nonfarm activities can be crucial sources of cash (along with cash cropping and

livestock husbandry) for farmers' Investments In ammal traction, fertilizer, and seed, directly,

and ammals for manure, indirectly (This effect IS treated more In section 5 ) Yet as nonfarm

Income IS poorly dlstnbuted, but It IS Important to Investments, then the poor will not be as

able as flcher households to adopt productiVity and resource conservation measures, which

will negatively affect Income and asset dlstnbutlon over time

(III) Yet, particularly In unfavorable agrochmates, nonfarm activity may compete with farm

Investments for both time and capital Agncultural researchers, environmentalists, and

pohcymakers who propose Investments In the farm or the natural resource base In these zones

may be surprised to find that Investments off-farm are more attractive to farmers

(IV) Nonfarm activities can relteve pressure on the land and thus spare fragile margins

(v) Nonfarm Income can be Important to household food access and thus affect nutntlon,

which In turn can affect labor productivity (Strauss and Thomas, 1994)

5 WHAT DETERMINES PRODUCTIVITY IMPROVEMENT'

5.1 Seed

5 1.1 Our Key Rndings

First. the case studies pOint to seed as one of the most Important determinants of

productiVity (MSU studies of returns to agncultural research (Oehmke and Crawford, 1993)

have also showed the pivotal role of effective seed dlstnbUtlon )
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Second, plant-breedmg programs have developed Improved cultlvars that have mcreased

productivity (hybrid maize m Zimbabwe) or maintained productivity In the face of worsemng

environmental conditions (short-cycle peanuts In Senegal)

Third, for seed to make Its full contnbutlon to productivity seed quality. availability, and

affordabllity must be assured by public and private sector institutIOns, through both research

and supportive policies

Fourth, government seed dlstnbutJon and credit programs have been cut back and seed

pnces Increased by policy reforms associated with structural adjustment In Senegal, the

result was limited access to seeds (reflected In marginal value products of seed well above

seed prices), a marked drop In use of peanut seed, and a substantial acreage shift from

peanuts to millet (with the consequence of less nitrogen fixatIOn by peanuts)

Fifth, given prevIous constraints on the development of pnvate sector Input supply

networks and rural finanCial markets, seed distribution In Afnca has tended to work better

when a single orgamzatlOn prOVides seeds on credit In conjunction with complementary Inputs,

and recovers credit by controlling output marketing (e g , cotton and confectionery peanuts

In Senegal, and cotton In Burkina Faso) ThiS vertically Integrated approach has tended to deal
K

more effectively with the problems of coordinating Input delivery, credit, and output markets

than more decentralized and un-Integrated networks found In much of Afnca The Integrated

approach has also tended to work better for cash crops than for food crops, which have more

than one marketing outlet

5 1 2 SpeCifics from the Senegal and Zimbabwe case studies

Case studies reveal two examples of successful development and adoptIOn of new seed

varieties -- hybrid maize In Zimbabwe and short-cycle peanuts In Senegal The successes

were of a limited duration, however, because tight government budgets In the 1980s led to

a reduction In Input distribution and subSidy programs that had faCIlitated adoption ReductIOn

In these support programs made It difficult for farmers to obtain deSired quantities of good

quality seed and complementary Inputs

The productivity-enhancing potential of seed IS dependent not only on the development
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of appropriate varieties but also on programs that multiply and market the seed In such a

manner that Its quality, availability, and affordabillty are ensured The Zimbabwe and Senegal

case studies provide examples of Improved vanetles being developed and adopted when

support services were In place Following cutbacks In Input dlstnbutlon systems, however,

farmers sharply reduced their use of the better quality seeds and aggregate production of key

crops declined dramatically

In Zimbabwe, hybrid maize seeds were bred In programs that targeted the larger

commerCial farmers In the late 1970s, the hybnd seed was made available to smallholders

Rapid adoption dId not take place because smallholders did not have access to fertilizer, loans,

and rehable market channels In the first half of the 1980s the government provided these

supporting services by establishing a public loan disbursement program and a network of

marketing outlets (Rohrbach, Jayne et al) When the conditIOns were In place, the adoption

of seed proceeded rapidly, In a very short time all smallholders were growing some hybnd

maize In the late 1980s, however, expenditures were reduced for the credit (particularly

fertilizer) and marketing programs Payoffs to R&D (to raise productiVity) reqUire a supportive

policy environment "In tandem" With the productiVity-Increasing measure (the hybnd seeds

were 'on-the-shelf' for over a decade before marketing Improvements stimulated their use by

smallholders) After the mid 1980s, tight government budgets and Structural Adjustment

forced a decrease In the number of depots and a cutback In the number of loans The

Independence war was also a factor Impeding the distributIOn of Inputs to rural areas The

reduction In support services and Infrastructure had as a counterpart the discouragement of

hybnd maize production and marketing and use of complementary Inputs geared to It, and a

reduction of cropped area and resource allocation to agriculture There IS more diSCUSSion of

the Zimbabwe case In section 5 7

In Senegal, peanuts are the principal cash crop for most farmers Maintaining a high

quality supply of seed at affordable pnces IS a key Issue for all peanut-producing countnes

because peanut seed has a low reproduction rate 4 Peanut seed costs represent about 20

percent of the gross value added by crop production for the average farm household

4 Where one hectare of mIllet requires only 4 laIos of seed, one hectare of peanuts reqUIres from 60
to 100 kIlos of seed
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The pillar of Senegal's agncultural program In the 19605 and 1970s was a parastatal-run

Input dlstnbutlon program with liberal credIt terms that guaranteed peanut seed to all farmers

- usually 100 kIlos of seed to all men and 50 to all women The only cntenon for access was

that the recipIents paid theIr taxes - an amount substantIally below the value of the peanut

seed

Decllntng ramfall and repeated droughts dunng the 1970s spurred researchers to develop

shorter-cycle peanut vanetles that matured m 90 rather than 120 days As rainfall contmued

to worsen, farmers became rapid adopters of the earlier matunng varieties which were

dlstnbuted by the Input supply parastatalln the dner zones of the Peanut BaSin The shorter

cycle vanety IS now the most common variety planted throughout the Peanut BaSIn, as few

areas continue to get the 120 days of useful rain requIred by older vanetles

In the late 1970s, credIt defaults (due prlmanly to repeated droughts) were high, whIch

caused financIal problems for the parastatal Corruption In the parastatal and the cooperatIve

movement exacerbated the situation By the mId 1980s, the entIre Input dIStributIon system

was bankrupt and had to be revamped The new program reqUired farmers to make a hefty

down-payment to get peanut seed on credIt, thIs posed a severe liqUidIty constraInt for most

farmers As a result, farmers store theIr own seed rather than purchaSing better quality

certIfied seed Farmers do not obtain nearly the deSIred quantIty of seed, and aggregate

peanut productIon has suffered accordingly

ProductIon function analYSIS of crop production data for 1989/90 prOVIdes supportmg

eVidence that there IS a real seed constraInt the marginal value product of peanut seed IS 2

to 3 times greater than the seed price, suggesting that considerably more seed could be used

In an economIcally efficient manner The peanut seed constramt also has ImplicatIons for SOil

fertility and productiVity of cereal crops as the decrease In area planted to peanuts means that

the peanut/cereal rotations, which return nttrogen to the SOil, are not being maintained

There IS also eVidence that the quality of seed IS decllntng This appears to be true for

purchased seed as well as that stocked by farmers from the prior harvest Survey results

show that farmers have been mcreasmg the peanut seedIng density, despite problems of

obtaining deSIred quantIties of seed Farmers questioned about the mcreased denSIty claim

that declining soli quahty and a growIng land constraint as well as seed quahty are pushmg
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nonfarm Income

5 2 Fertilizer

5 2 1 Our Key Findings

them to higher seeding rates 5 Recent reports by the Senegalese seed service also document

problems with (1) maintaining the quality of national seed stocks and (2) encouraging farmers

to renew their own stock with certified seed every few years (Sene 1994)

Although the economic logic of farmers' current seeding density strategies IS confirmed

by production functIOn results, It IS a strategy conditioned by levels of complementary Inputs

currently used (no fertilizer or manure on peanuts) and seed quality (very little certified seed

use) Increasing seeding denSitIes ad Inflnttum IS clearly not a sustaInable strategy for the

long-run, but from the farmers' perspective It IS the only economIcally feasible way of

Increasing returns to land at the present time

First, Similar availability and affordabillty Issues apply to fertilizer as they did to seed But

fertilizer differs from seed In that fertilizer IS more costly and finanCially nsky than seed, hence

constraints on farmer demand are greater, fertilizer IS bulkier, harder to store, and more costly

to transport than seed, hence constraints on effective dlstnbutlon are greater

Second, data on farmer-managed trials In Senegal show eVidence of phYSIcal response and

profitability (but also riskiness) of fertIlizer use Survey data from Burkina Faso show eVidence

of fertIlizer Impacts on average land product when combined With manure and animal traction

Third, observed fertilizer rates varied WIdely by zone and crop (from under 10 to over 110

kglha, compared With an African average of 8 kglha) Greatest use (well above the African

average) was In higher rainfall areas and on cash crops, where dIstribution, credit, and

marketing/credIt recovery were handled by a parastatal, or where households had more
"

5 In the case of peanuts, farmers want the crop to fill m between the rows as rapidly as pOSSible
They believe thiS reduces weedmg problems and helps mamtam SOlI mOIsture Now that fertulZer IS no
longer used and seed quality IS dechmng, peanut plants do not fill out as rapidly, hence the deciSion to
plant the rows closer together In these same zones, the opposite strategy IS used for cereals - the poorer
the sou the less densely the crop IS planted

,,
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Fourth, the ehmmatlon of credIt and fertIlizer SubsidIes and a sWItch from government to

prtvate sector dlstrlbutton (reducing the area served), often assocIated with structural

adjustment programs, have had a negative Impact on fertIlizer use In Senegal, fertilizer use

on peanuts went from 38,000 t In 1976 to 3,000 t In 1988, overall consumption of fertilizer

went from 75,000 tons In 1980/81 (roughly ItS average In the 1970s) to 27,100 tons In

1985/6, 19,900 In 1986/7, and 22,400 In 1987/8, much of the fertilizer use was on cotton,

Irrigated nce, and vegetables - either where SubSidies and credit remains (cotton) or where

there IS water control (nce, vegetables) In Zimbabwe, recent elimination of fertIlizer credit

caused a decline In fertilizer use on hybnd maize by small farmers and a decline In hybnd

maize area

5 2 2 DIscussIon

The role of fertilizer In increasing Afncan agncultural productIvIty has become a

surpnslngly controversial tOPiC It seems self-evIdent to say that fertilizer Increases

productivIty, yet there have been numerous attempts to remove fertIlizer from the list of key

productivIty-enhancing options worthy of government and donor policy support Among the

reasons for downgrading ItS Importance In the Afncan context are Its nsklness under

condItIons of low or erratic rainfall, ItS relatively low average land product response when

compared to results In ASIa and Latin Amenca, and ItS hIgh dlstnbutlOn costs In an

envIronment of low effective demand, and poor storage facIlitIes and roads

Dunng the last decade, research and extension services have given pnonty to finding more

cost-effectIve and environmentally fnendly fertilizer recommendations for Afncan farming

systems Part of the motivatIon for thiS research was low fertilizer demand - Bumb (1988)

reports an average of 8 kilos used per hectare In Afnca versus 57 kilos for developIng

countnes In general The research was also motivated by eVidence that hIgh doses of fertIlizer

without reconstitution of organic matter were haVing a negatIve Impact on soil quahty (Sarr,

1981, Plen, 1989, Matlon/Spencer 1984, Kelly 1988) This recent research has produced

recommendatIons for smaller (I e , more affordable) quantities of fertIlizer, larger quantitIes of

organic matter and use of bunds or tIed ndges to prevent fertIlizer run-off (Matlon and

Spencer 1984, Ohm and Nagy 1985, Matlon and Adeslna 1992)
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As land constraints Increase under populatIon pressure In the semI-and tropICS and

highlands of Africa (Plngah and Blnswanger 1984, Blnswanger 1986, 1988), fertIlizer, In

combinatIon wIth organic matter, remains one of the few optIons available for rapidly

increasing average land products per hectare and arresting sOil degradatIon through

aCIdIfication, thus redUCing the need to cultivate fragile, marginal lands

USing fertIlizer 10 combination with organic matter IS not, however, a panacea as there are

also constraints on the avallablhty of organic matter Population pressure has pushed farmers

onto land that was previously reserved for pasture (center-west of Senegal's Peanut Basin,

for example), mak10g It more difficult to keep aOlmals close to cultivated areas that need the

manure Furthermore, there are competing demands for crop residues that prevent them from

being plowed back Into the sOil (the thrivIng market for peanut hay In Senegal IS a prime

example)

Unfortunately, there are no real alternatives to fertilizer and manure for 10creaslng

productIVity Marginal value products of labor for most case study countnes and crops are

already low (frequently below wages), 10dlcatlng that increasing labor use would not be

profitable As discussed In the Senegal seed example, Increased seeding densities are not a

sustainable route to better productivity Animal traction makes an Important contnbutlon, but

IS at ItS best when combined with complementary Inputs such as fertlhzer and manure

An analysIs of household crop production data for BurkIna Faso and a 19-year time senes

of meso-level data for Zimbabwe plus a reView of the literature on economIc returns to

fertilizer In Senegal confIrm that fertilizer can stilI play an Important role In 10creaslng average

land products and aggregate output In the higher (> 700 mm) ra10fall zones (see details

below) Despite the contnbutlon that fertilizer can make In these countries, an analysIs of

Input use patterns for Burkina, Senegal, and Zimbabwe reveals that the elimination of fertilizer

credit and SubsIdies associated With structural adjustment programs has led to sharp

reductIons In fertilIzer use Case study eVIdence on both the productiVIty of fertlhzer and the

dechntng use rates IS summarized below

5 2 3 Case study eVidence on ferttllzer response and economIc returns (Burkina, Senegal)

Farm survey data are seldom used to evaluate fertilizer response because It IS so difficult

to obtain statistIcally slgntflcant coeffiCients when other factors (tImIng of fertilizer
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applications and other key activities such as seed109 and weedmg, for example) are not

controlled AnalysIs of average land products for Burkma Faso did not show a statistically

significant effect of fertilizer on Yields A supplementary analysIs (using crop supply and mput

demand functIons denved from restncted profIt functIons, that Incorporated prices of outputs

and Inputs, and nonpnce factors such as fertilizer and manure, ramfall, and household

characteristIcs) did, however, fmd that fertilizer has a statIstIcally significant and posItive

Impact on the gross value of household crop productIon 10 the GUinean zone We segregated

the sample mto animal tractIon and manual households to capture the supply response effect

of technology, and then looked at price and nonprlce effects on supply response We found

that the elastIcItIes of supply wIth respect to fertilizer use were 34 and 55 for maize and

cotton for tractIon users In the Gumean zone, and 84 for cotton for manual farmers The

other elasticitIes were much lower, as the other grain crops are less responsive and less

fertilizer IS used on them The elastiCity for manure use was also much lower In the

unfavorable zone (Sudano-Sahehan) as not much IS used there and weather IS unstable and

poor on average The elastICIty of maIze wIth respect to manure was around 3 for both

groups In the GUinean zone

Although the above analyses looked at the phYSIcal relationship between fertIlizer and

output, they did not look at the economic returns to fertilizer at the farm level One study on

economic returns to fertIlizer 10 Senegal (Kelly 1988) reveals that average value/cost ratIos

calculated uSing a 20-year data set from farmer-managed tnals In the southern Peanut Basm

were 3 for peanuts and 6 for sorghum -- well above the level of 2 usually thought to stimulate

use 6 Tnals used fertilizer doses recommended by extensIon servIces from 1960-1980

DespIte the high averages, response and profits are extremely variable In thiS zone of relatively

high rainfall (> 800 mm) Peanuts, for example, had a ratio below 2 dunng 40 percent of the

time and above 4 dUring 45 percent of the time These results show that fertIlizer use IS

profitable on average In the southern Peanut Basm but highly risky, suggesting that greater

use IS unlikely to occur WIthout some type of risk shanng or Insurance program Kelly (1988)

also analyzed 15 years of data for the central Peanut BaSin shOWing much greater risk, lower

response, and lower profits than found for the southern Peanut BaSIn Value cost ratIos were

6 Reported vIc ratios are based on UnsUbSldlZed 1987 pnces Usmg nommal pnces prevallmg dunng
the 20 years covered by the data, the ratIo IS 5 for peanuts and 11 for sorghum
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below 2 dunng 70 percent of the time for peanuts and 20 percent for millet The average

value cost ratio for the entire penod was 1 4 for peanuts and 3 5 for millet Given the poor

response and profitability In this zone, intensification uSing fertlhzer makes little sense and

alternative means of Improving sod fertility must be sought 7

524 Case study eVidence on fertilizer use (Burkina, Senegal, Zimbabwe)

The Senegal and Zimbabwe case studies provide striking examples of how the elimination

of Input support programs under structural adjustment sharply reduced the amount of fertilizer

used The cases of cotton In Burkina Faso and confectionery peanuts In Senegal show that

comprehensive Input support systems offered by crop marketing institutions fostered fertilizer

use

In Senegal, because of the fiscal unsustainabillty of the programs, the government

expenmented with different fertilizer dlstnbutlon, price, and credit poliCies dunng the early

1980s In an effort to eliminate direct budgetary support of inPut distribution and subSidy

programs for the most common crops (011 peanuts, millet, and sorghum) Credit programs

were Virtually eliminated, SubSidies were removed, and government Involvement In dlstrlbtlon

stopped, leaVing a very reluctant pnvate sector In charge While annual fertilizer consumption

In Senegal was In the range of 50 to 70 thousand metnc tons dunng the 1970s, It fell to less

than 30 thousand tons dUring the latter half of the 1980s Prior to 1980, 80 percent of

fertilizer was consumed In the Peanut BaSin By the end of the eighties, only 25 percent was

used In the Peanut BaSin With most of the rest gOIng to Irngated nce and horticulture Case

study survey results show that In 1989/90 not a Single farmer In the sample used fertilizer on

od peanuts and fewer than 5 percent of households applied fertilizer to millet or sorghum

fields The few farmers uSing fertilizer on cereals purchased It for cash 10 The Gambia where

It was sold at about half of the prevailing Senegalese price It IS not pOSSible to trace the

effect of declining fertilizer use on aggregate productiVity, but there IS ample survey eVidence

that farmers believe their soli fertility has fallen substantially since they stopped uSing fertilizer

(Gaye 1992, Kelly 1988)

7 Work by Seyler (1993) m the central and northern Peanut Basm suggests that a program to help
farmers mcrease the number of Acacla albuIa trees could gradually unprove soil qUalIty WithOUt any use
of fertilIZer
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As discussed In the prevIous section, Zimbabwe smallholders rapidly adopted hybnd maize

when fertilizer credit was available and output market pnces were guaranteed When fertilizer

credit was eliminated m 1985 both fertilizer use and hybnd maize production declined The

amount of fertilizer that could be purchased with government credit disbursed to smallholders

was 44,000 metnc tons In 1992 compared with 148,000 tons In 1986

Cotton production In Burkma Faso and confectionery peanut production In Senegal have

been spared from the cutbacks m agncultural support programs that have affected producers

of other crops The institutions running both of these programs provide a wide range of

Inputs to farmers on credit (seed, fertilizer, pesticides, herbicides), both Institutions have a

virtual monopoly on purchaSing the output because there IS no competing local demand, and

both, therefore, are relatively successful m recovenng Input loans Monopoly control over

output marketing, however, appears to be the key to loan repayment When farmers have

alternative means of disposing of their output - as IS the case for producers of 011 peanuts In

Senegal -- the institution providing credit cannot count on recovering the loans at marketing

time

Nevertheless, Burkina Faso's fertilizer subsidy removal (gradually effected from 1983 to

1987) was accompanied by a reduction In fertilizer use on cotton (SOFITEX) After the penod

of that decline, fertilizer use rose from 1988 to 1992 apparently because of nonpnce factors

and mcreased awareness of ItS need m cotton production Durmg the whole penod SOFITEX

essentially subsidized mput credit to cotton farmers, however, by offenng credit below market

rates

5 3 Ammal traction

5 3 1 Our Key findings

First, the main effect of aOimal traction shown In Afnca to date has been to reduce field

labor Inputs and faCIlitate area expansion (espeCially on light salls), rather than to Increase

average land products

Second, our case study m Burkma Faso showed strong farm-level Impacts of animal

traction on land and labor productivity on cotton In the GUinean zone, and on supply

responsiveness, effiCiency of resource allocation, and on manure use
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Third, Investment In animal traction IS more hkelyfor households that have access to more

land, earn more nonfarm Income, and grow cash crops

5 3 2 Background and pnor research results

Eicher and Baker (1982) review eVidence from animal traction programs and studies In the

1960s and 1970s Plngall et al (1989) review more recent eVidence In general, they find that

animal traction has hlstoncally been associated with (I) potennal Increase In average land

product through Improved seed bed preparation, deeper plowing, more timely planting and

weeding, mOisture conservation (and we would add manure transport and incorporation), (b)

potential Increase In area cultivated, (c) Income generation through off-farm transportation,

(d) reduction In drudgery (potentially freeing up labor), and {el longer-term Improvement In soli

fertility through applicatIOn of manure from animals, deeper plowing, plowing under crop

residues (and we would add tled-ndglng for water retention and sOil conservation, see Sanders

et al 1990) Traction IS mainly used for plowing, as well as seeding and weeding Its use and

spread IS related to cash cropping, espeCially peanuts and cotton

Yet Eicher and Baker note that "surpnslngly, although animal tractIOn has been promoted

for more than 50 years In Afnca, research results on the Impact of animal traction at the farm

level are largely ImpreSSIOnistiC" (p 142), and research on traction Impacts has been

conducted mainly on expenment stations

Hlstoncal eVidence on farm-level average land products and acreage response has Indeed

been mixed Sargent et al (1981) reViewed 27 traction projects and found that most had not

lived up to expectations because of the high cost of animals and eqUipment, low acreage and

average land product effects, and lack of rehable Institutional support Whitney (1981) found

that traction farmers Increased acreage by 39 percent but expenenced no change In average

land products Barrett et al (1982) showed that, In eastern Burkina, acreage and average

land product effects were modest, but labor Inputs were reduced 20-25 percent per acre

In general, researchers have found that the economics of ammal traction are problematic

for subSistence farmers prodUCing only millet and sorghum, but become more favorable In

cash cropping areas Barrett et al (1982) found Important cash flow problems for traction

adopters Internal rates of return were positive over 10 years, but net returns for oxen farms

were below net returns before adoption for the first four years due to a slow learning curve
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Eicher and Baker found In a review of research In the 1970s that "the presence or absence

of a cash crop IS a central determinant of farm-level profitability of animal traction" (using

eVidence from northern Nlgena, peanuts In Senegal, cotton In southern Mall, and cotton In

northern Cameroon)

Research has also shown that support services (credit and vetennary services) are crUCial

EqUipment adapted to key actiVities (weeding, tied ndglng) IS not usually available, and there

IS a persistent Issue of affordablhty In the 1960s-70s, governments and donors promoted a

'total oxen cultivation package' - oxen (or donkeys or horses) plus a tool bar and

attachments such as plow, seeder, ndger and sometimes carts This package can be very

expenSive relative to rural household Incomes An oxen traction package was $1000 In 1977,

a donkey traction package $500 (Cited by Eicher/Baker, page 145, from Zerbo and Le MOigne

1977 and Barrett et al 1982) Compare this to $1500lhousehold Income In the GUinean zone

of Burkina In 1981-1985, of which $1140 IS cash Income (Reardon and Mercado-Peters,

1993)

Animal traction programs have been around for 50 years, and their history IS charactenzed

by high expectations but mixed results, and by discontinuous support Eicher and Baker note

that

although these figures are ImpreSSive, Similar 'waves' of animal traction have appeared
In other Afncan countnes over the last 50 years only to disappear or recede dunng penods
of drought, changes In government poliCies, and the failure to prOVide vetennary support
services In 1981, the major concentration of animal traction was In Senegal, Mall,
Botswana, and to a lesser extent In Tanzania, Uganda, and northern Nlgena (p 141)

5 3 3 Antmal traction results from our Burkina Faso case study

Animal traction Increases~andand labor productivity In the farm households In our Burkina

study In the GUinean zone, traction households have 44 percent higher land average land

products than manual households In cotton, and 98 percent higher average land products In

maize Traction households have 76 percent higher labor average land products than manual

households In cotton, and 91 percent higher In maize Manure use per hectare IS 417 percent

higher In traction households than In manual households

By contrast, labor use by animal traction households IS very close to total labor use on all

crops by manual households In cotton and maize, labor use per ha IS only 6-7% lower for
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tractIon households Thus the average land product effect was much greater than the labor- :3 '\

saving effect In our case study But for subsistence grains, tractIon mainly Increases labort::)1 ,"t

productIvIty
~~"

""

Moreover, we found that traction households had greater supply responsIveness with r ).,

respect both to pnce changes and to manure and fertIlizer application, especIally for cotton,

the main cash crop In Burkina We also found that households uSing tractIon ammals had J:::; :.
':;

greater allocatlve efficiency of labor and land, probably because aOimal traction allows greater ';-1

timeliness of cultIvation operations and gIves farmers the abIlity to clear land for millet

5 4 OrganIc Inputs and conservation Investments

5 4 2 OUf Key Findings

First, practIces that add orgamc matter to soli and conserve water or prevent erosion and :,f
help water retention (e g, bunds, tied ndges, terraces) Increase productivIty, e g , by :;

,~-
Increasmg the Impact of fertilizer and increasing SOIl mOisture ConservatIon Investments are~t~~,

complementary with the use of Improved Inputs and organic matter

Use of orgamc matter and sOIl conservatIOn Investments greatly Increased land productIvity,

In Rwanda - conservauon Investments on low degradation farms Increased the land marginal

value product by 27%, for moderately and very degraded farms, the Increase was 28-34%

and 42%, respectively

Second, Investment In SOIl conservatIon Investments IS more likely for farms that are

smaller (hence have less abIlity to fallow, a substitute for these Investments), earn more

nonfarm Income, and grow cash crops

5 4 2 Results Concerrung Orgamc Inputs and Conservation Investments from Burkina and

Rwanda Case Studies

In Burkina, we found that most manure IS used on cotton and maize (cash crops)

more manure IS used In the favorable GUinean zone than 10 the unfavorable northern zones!,

despite Similar levels of livestock holdings between the two Ammal traction households use"

much more manure than manual households 10 the GUinean zone, traction households use~ I

I'
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four times more for cotton (1776 kgs/ha vs 402 kgs Iha), and two times more for maize

(8588 kgslha vs 4350 kgs/ha) Animal traction helps farmers to carry and mcorporate

manure, and manure use IS related to animal holding Relatively little manure IS used on

sorghum and millet In either zone Our analysIs shows that manure has a strong effect on

maize and cotton output m the Gutnean zone, and manure on the cotton average land product

In Rwanda, we found that conservation Investments (e g grass striPS, terraces, antl

erosion ditches) are crucial to stem the negative effects of degradation on productivity,

through sOil retention and orgamc matter (mulch, manure, compost) retention a We found,

for example, that when farmers make conservation Investments on low-degradation farms,

the land marginal value product mcreases by 27 percent, for moderately degraded farms the

figures are from 28 to 34 percent, for very degraded farms the figure IS 42 percent These

empIrical results gIve Impetus to the government policy goal of encouraging conservation

Investments coupled with greater use of orgamc mputs and fertilizer to Intensify land use

under severe land constramts, and to raise and to sustam productivity -- key long-term food

secunty goals of the Rwandan MInistry of Agnculture as announced In CNA (1990)

In both Rwanda and Burkina Faso, organic matter IS mamly used on cash crops (such as

bananas, coffee, and soybeans 10 Rwanda or cotton and maize In Burkina) Often this IS

because (a) these crops respond well agronomically to orgamc amendments, (b) fertilizer IS

used on cash crops and It complements organic tnputs (10 fact theIr combtned use IS

recommended by agronomists), and (c) cash croppmg helps farmers buy cattle that generate

manure Unfortunately, whIle cash crop mput credIt programs often support acquIsition of

fertilizer, 10 Burktna and Rwanda these programs do not support sOil conservatIOn mvestments,

and we do not know of any African country where they do

Moreover, we found tradeoffs between fallowmg and organic tnput use, and between

fallOWing and conservatIOn tnvestments In Rwanda, smaller farms have a smaller share of

their land under fallow, and although they grow fewer perennials, crop more densely, maklOg

up for the potentially negative effect on sod quality of the greater share their land under

g Water retention mvestments such as bunds or tied ndges have been found m other studies, (e g ,
MatIon and Adesma 1992) to be CruCial to productiVity m semi-and regIOns Bunds, for example, have
an Important topsoil protectlon effect m the Sahel WIth short- and long-term producuvity-enhancmg
effects This goes along WIth the find10gs offarnung systems R&D projects 10 the Sahel (e g Ohm and
Nagy 1985)
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annual crops larger farms have a greater share of their land under fallow, but also more

fertilizer (because of the wealth effect and the greater share of their land under coffee) Also,

the steeper the slope (hence newer land under cultivation) the less organic matter used -- but

In general less-erosive plants are grown on the slopes (perenOials)

Moreover, rented land (compared to owned land) receives less orgaOic Inputs (and

conservatIOn Investments) as these are perceived as these long-term productivity

Improvements are not perceived by farmers as worth making on rented land that could be

reappropnated by the owners By contrast, farmers use fertilizer on rented land because It IS

perceived as having only a short-term effect and thus reappropnatlon nsk IS less Important

Finally, two other factors contnbute to conservation Investments and Improved Input use

(1) nonfarm Income (Important as a source of cash since credit IS rarely available for

conservation Investments), and (2) the profitability of agnculture In general, degradation

undermines productiVity, and land conservation measures and orgaOic matter incorporation,

themselves complementary, help to protect the land and faCIlitate intensificatIOn of production

given severe land constraints Smaller farmers have a special incentive to make these

Investments, given their inability to rely on fallOWing and extenslflcatlon Into fragile margins

But incentive and ability do not always cOincide Investment requires credit which In general

IS not available for "sustalnabillty Investments" Farmers therefore need to rely on their own

sources of cash -- mainly cash cropping and nonfarm activity

5 5 Land and Labor

5 5 1 Our Key Findings

In general, size and quality of land matter for productIVity, land constraints are increasingly

common due to populatton pressure

'n Rwanda, land rental (as compared to ownershIp) dIscourages use of orgamc matter and

so" conservation Investments, small farms had much higher land productIVity than did larger

farms

But on smaller farms, marginal value products of labor were very low relatIve to wage

rates ThiS Implies lower opportumty cost of labor on smallholder farms than that reflected
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In the agncultural wage probably because of constraints to access to that labor market as well

as to nonagncultural employment opportuOltles

By contrast, marginal value products of land were much higher for the smaller farms than

land rental rates, indicating constraints on access to land

5 5 2 Background on the land debate

The land debate In the countnes With unequal smallholder sectors or dual agncultures has

three main Issues The first IS whether largeholders are as productive as smallholders This

depends on the definition of the factor for which productiVity IS measured Given that

countnes With unequal land dlstnbutlon also have problems of land constraints, the Issue IS

mainly one of land (rather than labor) productiVity This has been a long-debated tOPiC In Latin

Amenca and ASia, especially South ASia, With much of the productiVity research In the 1960s

1970s In those continents focused on this Issue, as well as the concomitant Issue of

mechanizatIOn In general, the ASian literature shows that land productiVity IS higher on

smaller farms except where labor-saVing machinery has made largeholders more land

productive

The second Issue IS closely related to the Issue of the relative efficiency of different farm

Sizes, and IS the debate as to whether smallholders have "excess labor" on their holdings,

dnvlng the marginal product of labor very low This IS a hypotheSIS put forward In 1954 by

Sir Arthur leWIS and heaVily debated In the 1950s and 1960s At Issue In the present context

IS (a) whether small farmers have opportunities to use family labor In the nonagncultural

sector, thus allOWing them to earn cash to Invest on the farm, and (b) whether small farmers

are constrained In their access to capital (such as fertIlizer) or land that would push up their

marginal value product of capital or land relatIve to their pnces Recently In the case of Kenya,

a dual agnculture In the wheat sector, for example, Carter and Wiebe showed that the

marginal value product of smallholder (but not largeholder) labor In the wheat sector was well

below the market wage, while the marginal value product of capital on small farms IS well

above the capital price (IndIcating a capItal constraint for smallholders) We show below

Similar results for Rwanda despite ItS not being a truly dual agnculture

The third Issue IS secunty of land tenure The debate IS whether more secure tenure of

landholding IS necessary to Induce farmers to make short and long-term produCtiVity and
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conservation Investments The Afncan eVidence IS mixed and ambiguous, our Rwanda results

and the Rwanda results of Place and Hazell (1993) show tenure to be Important to

Investment, but the latter's Ghana results are ambiguous, Hardy (1989) shows that secure

tenure IS not necessary for Investment In Senegal See Dommen (1994) for a review of the

eVidence and debate

Part of the ambiguity In the debate IS pinning down what IS meant by "land tenure

secunty· and part IS properly differentiating types of Investment For Instance, In Rwanda we

found that farmers do not Invest In organic matter and conservation Investments (long-term

Investments) on rented land, but they do use fertilizer on It

The distribution of land In the tropical highlands of East Afnca IS becoming a burning Issue

as land constraints Increase and smallholders are forced to farm on tinY plots In Zimbabwe

the land debate IS at least as charged as In Rwanda, but for different reasons There IS a dual

structure where 1 million smallholders restricted to half the arable land, With 4500

largeholders on the other half By contrast, the land size debate IS not as Important In the

Sahel where most countnes have a relatively equal land dlstnbutlOn (Burkina's rural land Glnl

coeffiCient IS only around 3) and only a smallholder sector

5 5.3 land and labor results from Rwanda9

Our Rwanda results cOincide With the"ASian pattern" of greater land productiVity on the

part of smallholders We found that smallholders (the lowest terclle of landholders) use much

more labor per hectare than do "largeholders" (the highest terclle of landholders) (1310

person-dayslha versus 191) Smallholders use much more organic Inputs per ha, 482 versus

61 In Rwandan francs Smallholders average farm size IS 24 ha while "Iargeholders" have

308 ha (stili small by Afncan standards), the former rent 9 percent of their land, the latter

only 4 percent

9 Although we dlStmgulsh small and large holders In Ztmbabwe, our data for largeholders per year)
do not allow easy companson WIth smallholders because the largeholder aggregate encompassed
prnnarily-hvestock and prtmartly-eroppmg farms that have very different croppmg average land products,
and the smallholder aggregate encompassed farms from WIdely different agrocltmatlc zones
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Moreover, larger farmers tend to have the luxury of being able to fallow a larger share of

their land, and for longer penods Smaller farmers need to Invest more per hectare In organic

Inputs and conservation measures to protect their meager land The more off-farm Income the

smaller farmers have (at least In fertile areas such as Rwanda), and controlling for profltablhty

of agnculture, the more they Invest In orgamc Input and conservation Investments

The upshot IS that smallholders have much hIgher average land productIvIty (In Rwandan

francs, 102,000 per ha versus 24,000 per ha) Smallholders' marginal value product of land

IS also much higher than largeholders - 52,000 (RWF per hal versus 33,600 By contrast, the

smallholders' marginal value product of labor IS much lower than largeholders 18 5 versus

364 These patterns are mirrored In the differences between the value of average land and

labor products as well

We also found that the marginal value productIVIty of land among smallholders IS 1 25

times the land rental price, while for largeholders It IS only one-quarter the land rental price 

- indicating a relative (and strong) land constraint for the smallest By contrast, the marginal

value product of labor IS only 3 of the wage for the smallholders and equal to the wage for

the largeholders -- indicating constraints In access to the labor market (agricultural or

nonagricultural) on the part of small farmers

The exception -- hence where largeholders have higher land productiVity -- IS where they

participate In cash crop schemes where they are given preferred access to extenSion, Inputs,

and markets (for example In Eastern Rwanda With coffee, or nce growers In northern Ivory

Coast (see Adeslna 1994}), or commercial maize largeholders In Zimbabwe (see section 4)

5 6 Nonfarm Income

5 6 1 Our Key Fmdmgs

First, nonfarm Income can Increase purchased Input use or capital Investments where

credit IS unavailable or costly to use, or where other sources of cash Income for loan

repayment are lacking We found that there IS generally a posItive relationship between

nonfarm mcome and Improved mput use (fertilizer and ammal traction In Burkma Faso and

Senegal, peanut seed In Senegal, conservation practices and fertilizer In Rwanda)
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Second, nonfarm Income can playa role In facilitating conservation Investments, for which

credit appears to be rarely available

Third, nonfarm activities smooth household Income and help to reduce risk by diversifYing

the sources of household Income

Fourth, however, Within a given agroecologlcal zone, the poor have less access to nonfarm

mcome opportunrtles - nonfarm Income tends to make up a smaller share of total Income for

poor than for rich households, poor households are less able than nch households to

participate In high-return nonfarm actIVIties This IS wOrrisome because unequal access to

nonfarm Income translates Into unequal access to farm Inputs In the face of limited credit

access

5 6 2 Background on nonfarm mcome and Its effect on productiVIty

Section 4 summanzed eVidence concerning the Importance of nonfarm Income In the rural

economy of Burkina, Senegal, and Rwanda We also showed that nonfarm Income IS poorly

dlstnbuted which means that POSitive Influences of nonfarm Income on productiVity In turn

Will be poorly dlstnbuted Here we focus on the mfluence of nonfarm Income on Improved

Input use and conservation Investments

In general, nonfarm Income earning by rural households IS Important to increasing farm

Input use and hence cropping productiVity and the ability to intensify production while

replaCing SOIl nutnents Reardon and Kelly 19891 show that nonfarm Income IS Important to

the purchase of fertilizer where institutional credit IS not available (In the non-cotton areas

such as the Sudaman zone) Kelly (1988) found SImilar results for the Peanut BaSin of

Senegal Hoffman and Heldhues (1993) show for Bemn that nonfarm Income IS treated as a

substitute for land collateral In Informal credIt markets (because of the problem of covanabillty

of harvests hence nsklness of uSing land as collateral In areas of nsky agnculture)

Why IS nonfarm Income Important for these farm Investments~In most of the Rwanda and

Sahel case study areas formal rural credit IS lacking except In cotton schemes and, to a more

limited extent than formerly, In peanut schemes Informal credit markets are also very

underdeveloped Access to nonfarm Income therefore tends to be crUCial to farm Input

purchase Moreover, capital equipment for soli conservation and water retention measures IS

often costly, and It IS usually Impossible to get credit to construct bunds and terraces, or buy
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tied ndgers, wells, and carts Reardon and VOStl (1993) argue that the nature of this

conservation capital makes Informal credit even harder to get than for traditional Investments

like animal traction eqUipment and fertilizer Farmers and creditors may not perceive a clear

Immediate payoff to these Investments, hence the nsk of default may appear greater

Investments In capital goods reqUire but also create loan collateral (e g animal traction

eqUipment) This IS usually not the case with conservation Investments (e g creditors cannot

reclaim bunds)

Our case studies here also pOInt to the Importance of nonfarm Income for Input use and

Investments on farm The Burkina Faso case study finds that nonfarm earnings are reinvested

Into expensive animal traction packages In southern Burkina Faso where agrochmatlc

conditions are good We also find that nonfarm Income IS Important to peanut seed purchase

In Senegal through providing cash at the end of the dry season to pay the downpayment for

peanut seed credit In Rwanda, we find that farmers that have more nonfarm Income are able

to make conservation Investments and buy fertilizer

Yet nonfarm actiVities, especially In the unfavorable zones, can compete with land

Improvements The competition can be for labor In the rainy season, for weeding, for plowing,

for maintenance of bunds and alley cropping systems But In the Sahel most of the nonfarm

Income IS earned In the dry season -- traditIOnally named the "slack season" by mistake

because nearly half of household Income IS earned In the dry season In nonfarm activity Yet

thiS IS also the penod dunng which environmentalists enVISion Sahellan farmers bUilding and

maintaining bunds, terraces and so on Whether there IS labor competitIOn depends on

whether there are off-farm, opportunities (e g migration) that take labor away from the zone,

and whether the dry season conservation Investments are perceived to be profitable and

reduce overall Income fisk ThiS competition IS more keenly felt In the less favorable zones

For example, In northern Burkina Faso where agnculture IS nsky and drought-prone,

Christensen (1989) finds that households with more nonfarm Income Invest less In farm

capital Norman (1973) found that nonfarm actiVities In northern Nlgena compete for labor In

off-season cropping
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5 7 Markets/downstream/upstream/off-farm links to on-farm productlV1ty

5 7 1 Our Key Fmdlngs

5 7 2 Background

Well-functioning Input and output markets help farmers acquire and use productlVlty

increasing Inputs by reducing transactions costs and nsks (e g , from Imperfect information,

or price volatility due to a thin market)

Vertical integratIon and coordinatIon functIons (inPut supply, credit, output marketing)

were assured effectIvely by parastatals for cotton (Senegal, Burkina Faso), maize (Senega!),

and coffee (Rwanda) Government marketing depots and loans In Zimbabwe helped spur'

adoption of hybrid maize and use of fertilizer

The costs of these programs were high, however, IOcludlng higher consumer prices due

to grain movement controls that force the bulk of marketed grain output Into the State

marketing channels and onward Into pnvate large-scale milling (that tends to make grain more

expensive to consumers than do alternative channels)

First, early studies (e g , von Thunen, writing In 1830-40s) showed that markets and the

proxImIty of cItIes Influence productIvIty 10 agnculture Recent work by de Janvry et al (1992)

shows that the level of transaction costs affects the marketed surplus rate How well food

markets work also affects adoption of cash crops 10

Second, the performance of markets affects the level and vanabillty of demand, hence ~

price vanablllty, hence nsklness of Investments In productlvlty-ralslng Inputs Our results on

fertlhzer use In Burkma and of conservation mvestments m Rwanda shows that farmers are

sensitive to net profitability and pnce nsk In makIng these deCtslons -,'

A limited or poorly functioning market "bottles up" supply In a local area, and climatic, '

fluctuatIons, translated Into output fluctuations, create pnce Instability - nsk A market might>

be lImIted because of hIgh transactIOn costs because of structural constraInts such as bad

10 For example, Goetz (1992) found m Senegal that hIgh gram poces hurt cotton production, and
Jayne (1993) found m Zunbabwe that hIgh gram poces hurt sunflower productIon



roads, or mefflclent marketIng systems, or limIted demand for the product by local consumers

or tradmg partners 11 Three things can reduce pnce fluctuation based on market limItations

(1) Investments "downstream" m gram processIng to Improve the demand prospects for the

crop (thus reducmg m the longer term nsklness of croppmg), (2) Investments In road and other

market Infrastructure, (3) opening up regIonal and foreign markets through economic

integratIon

ThIrd, farm productIVIty affects market and nonfarmlindustnal development potentIal Our

Senegal study shows that drops In peanut output reduce capacIty utilizatIon hence effIcIency

and profitabIlity of peanut processing plants Reardon et al 1993 on Sahel Income

diversIfIcatIon shows that most off-farm actIvIty IS earned In production-linkage actIVities

upstream (supplYing Inputs to farms) or downstream (usmg farm outputs as mputs) In local

areas How well crops do affects local off-farm employment and general Industnallzatlon

These findings are also In accord wIth early economIc thinking, e g by RIcardo (early

18005) who contended that farm productIvIty affects the food pnce which In turn, working

through the real wage bill, affects nonagncultural profIts and employment Moreover, they are

In accord wIth "growth linkages" literature (e g Mellor and lele 1972) whIch contends that

Increases In agncultural productIVIty spur local economic growth through direct (production)

and indirect (consumption) linkages

Fourth, the effiCiency of the market system affects how well the benefits of greater farm

productiVity are distributed to consumers (and farmers) This IS an extensIon of an earlier

POint, getting productiVity up means driVing real food pnces down for those that can get

access to the cheaper food Who gets access depends on the effiCiency and structure of the

market system, not to mention whether consumers have suffiCient employment and Income

The above POints about farm productIVity and market effICIency suggest that a useful

focus for future productiVity work IS on the effiCIency of the whole food system, from the

Input distribution system, to the farmer, through the market chain, to the consumer (Antle

1983) If Improvements are made In the effICIency of farm-level productIon, but they are not

11 For example, Reardon (1993) shows that demand for coarse grams 10 the Sahel IS melastlc, so that
even when a bumper harvest occurs, and pnces dip, consumers do not shift 10 a substantial way from
Imported cereals such as nce and wheat toward JDIlletlsorghum, which would bId the prIces of the latter
back up In thIS SItuatIOn ofpoody funettonmg markets or lImIted demand, mcreases m productIon eIther
through good rams or mcreased produettvlty can translate mto prIce nsk and bIg drops m crop
profitabUIty The latter two can discourage further crop productiVity mvestment
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passed on to the consumer because of ineffiCiencies or structural ngldltles "downstream" I the

benefits are lost If "upstream" Input dlstnbutlOn IS inefficient. this forces Input pnces up and

farm productivity down

5 7 3 Focus on Zimbabwe case study results

Since Independence, Zimbabwe has received widespread InternatIOnal acclaim for the rapid

growth In smallholder maize production However. there has been a largely unnoticed

structural decline In production since 1985. associated With a contractIOn of public sector

support programs that had contnbuted to the dramatic nse In smallholder production dunng

the early 1980s but Involved large treasury defiCits The adverse effects of this production

decline on urban food security appear to have been to some extent mitigated by recent maize

marketing reforms that have reduced dlstnbutlon and milling costs of staple maize meal

available to consumers

The nse and fall of agncultural production In Zimbabwe's smallholder sector over the

1980s has mirrored an upsurge and then contraction of key public Investments and

expenditures to agnculture Zimbabwe's difficulties In "scaling-up," Ie, managing the

transition from a well-organized public research and market Infrastructure system that fit the

needs of a few thousand commercial farmers under Southern RhodeSia. to a system that

meets the needs of over a million smallholder households, has clear ImplicatIOns for South

Afnca and other countnes In the region

The Impressive growth of Zimbabwe's smallholder maize productIOn from 1980 to 1985

was due to SIX major factors (1) the ending of the war after Independence, (2) an Increase

In the use of hybnd maize seeds from about 40 percent In 1979 to 98 percent In 1985

(Kupfuma 1994). (3) an Increase In State crop bUYing stations serving smallholder areas, from

5 In 1980 to 148 In 1985, thus redUCing the costs and nsks assocIated With surplus maize

production, (4) guaranteed State-set producer pnces that were generally well above export

panty pnces (but below Import panty) (5) a eight-fold Increase In crop credit disbursed to

smallholders between 1979 and 1986, whIch led to greater fertIlizer use and maize average

land products, and (6) an associated response by pnvate Input suppliers to the Increased

demand for farm Inputs due to the aforementioned (Rohrbach 1989)
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The stagnatIon of Zimbabwe's smallholder revolutIon since the mld-1980s IS due to three

major factors The most conspicuous IS drought, whIch has affected the country three times

slOce 1985 Yet there are also underlying structural causes of the maize dechne FIrst, the

Improved hybnd seed varieties that stimulated smallholder productIVity dUring 1980-85 are

now almost universally adopted A new set of technologIcal Improvements or management

practices IS necessary to stimulate addItional gains In productIVIty The national agronomic

and crop breeding research Institute (DR&SS) receives only 75 percent of the budget It had

In 1980/81 In real terms The number of on-farm tnals and sites by DR&SS has shrunk from

63 In 1987/88 to 31 In 1990/91 (Shumba 1990) The public agricultural research system IS

haVing senous staffing and budget problems (Eicher 1994) The slowed productiVity of the

public agricultural research system IS also indicated by the continued use of hybnd seeds that

were developed 15-20 years ago

Second, several Important features of the 1980-85 production boom (expansion of State

marketing Infrastructure and credit allocatIon, producer pnces above export panty) Involved

large and sustained treasury outlays The maintenance of high maize pnces to sustaIn surplus

productIOn also put pressure on government to cushIon the Impact on consumers by

subSIdizing the pnce of maize meal manufactured by large urban millers Under mounting

pressure to cut budget defICIts, these publtc Investments In support of agncultural productIon

were progressIvely cut after 1985 Grain marketing board (GMB) bUying stations In

smallholder areas have been reduced Even though 20 additional grain bUYing depots have

been established sInce 1985, the number of rural collectIon POints has dechned from 135 In

1985 to 42 In 1989 to 9 In 1991 12 GMB real producer pnces have also dechned steadily,

being only 75 percent In 1991 of thetr 1985 level State credIt allocatIon to smallholders has

also declined steadIly since 1986 The amount of fertilizer that can be purchased WIth

government credIt disbursed to smallholders IS 44,000 metnc tons In 1992 compared WIth

148,000 tons In 1986 Dechntng Input use, along WIth relatively poor rainfall, may explaIn

why smallholder maize average land products, even In the relatively productIve Mashonaland

prOVinces, have exceeded theIr 1985 level only once

t2Wlllle part of tillS declme IS due to reduced expected tltroughput because of frequent drought and
lower real producer pnces, It IS eVident that the collectIon POInt program was finanCially InViable (Herald,
1991)
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However, there are Important distinctIOns between the two sectors that led to the financial

unsustainabillty of Simply "scaling-up" a marketing apparatus for a small number of large

farmers to meet the needs of almost a million geographically-dispersed smallholder families

(Black,e 1987) The large-scale farming areas were predominantly close to urban centers, the

volume of sales per farmer were large, and the production Units were geographically

concentrated and few In number GMB marketing costs were therefore low By contrast, the

expansion of state bUying stations Into the smallholder areas forced the GMB to buy relatively

small, vanable quantities of grain from a large number of geographically-dispersed farmers

Per Unit marketing costs rose dramatically In thiS setting, although the government normally

chose not to raise the GMB's trading margin suffiCient to cover these costs ThiS has been

a major Impetus for the GMB's call for further contraction unless the government agrees to

underwnte Its losses (Herald 1991)

The expenence With expanding crop credit to individual smallholders farming In

environments prone to frequent drought has resulted In high default rates (Herald 1993)

Credit allocation, and the assOCiated demand for farm Inputs have failed to expand since the

mld-1980s

A nSlng share of state expendIture on agnculture has been used to pay SubSidies, In

particular to cover the operating defiCits of marketIng boards In the latter half of the decade,

over 40 percent of total agnculture expenditures from the State was absorbed by marketing

board subSidies For example, In 1986, State allocations for the entire agnculture budget was

8 2 percent of the total natIOnal budget By 1990, thiS had decreased to 5 5 percent With

the exception of 1989, when marketing board losses were exceptionally low, the share of

budget allocations to cover marketIng board losses has been over 40 percent of total public

expenditures on agriculture dUring the latter half of the 1980s In real terms government

spending on agncultural research, extension, vetennary services, etc had declined by 25

percent from 1980 to 1990
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6 IMPLICATIONS

Section 6 1 discusses strategIc and program Implications, and section 6 2, policy

ImplicatIOns

6 1 Strategic and Program Implications

(1) Sustainable intenSification of farm production through use of Improved Inputs that raise

and sustain Increases In land productivity IS a major food secunty Issue In Afnca, given

growing land constraints and sOIl degradation To get needed breakthroughs In farm

productiVity, farm Input use - such as fertlhzer, organic Inputs, antmal traction, and

conservation Investments -- needs to rise substantially

Although the results are based on four case studies In ralnfed areas of the semi-and and

highland tropICS, and on review of selected recent farm productivity studies In other countnes

of Afnca, some specific program suggestions emerge

• Ammal traction programs are worth promoting in areas of high agronomic potential

where the terrain IS SUitable (not too sloped) antmal traction programs have had success

In some areas, espeCially when hnked to cash cropping Inttlatlves, but have suffered from

Inadequate research support and program continuity In some countnes, such as Senegal,

there IS generahzed use of traction In peanut and cotton areas, but the eqUIpment stock

IS aging and renewal programs are needed In other countnes, such as Burkina Faso, use

IS not Widespread partly because of demand-Side constraints such as lack of working

capital, which only some farmers have been able to overcome through nonfarm activity

and cash cropping

• We favor promoting chemical fertilizer use espeCially in higher potential zones, In

combination with water or sod retention (conservation) measures and organic matter

application (the latter helped by antmal traction programs) Measures to link access to

Improved mputs with adoption of SOIl conservation practices should be conSIdered In the

long run, mixed farming (association of animal husbandry and cropping) will be crUCial to
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supplying orgamc matter Promotion of fodder markets and research on fodder would

support this

,,

)
I

• Crop research IS crucial to the overall competitiveness of agnculture, and to the

profitability of productIVIty-increasing Inputs such as fertilizer and ammal traction

• extension programs are needed to support conservation Investments (water retention,

sOil retention structures) that will facIlitate sustained Increases In productivity, espeCially

In high-potential areas where rapid mtenSification of agnculture IS envisaged In many

cases this will require modest complementary Infrastructure such as culverts or wells to

allow watenng of live windbreaks, or trucks to haul latente for construction of bunds

• Nonfarm mlcroenterpnse promotion programs, popular In USAID and other donor

miSSIons now, are Important for farm productivity both to supply cash to farmers to buy

farm InPuts, and to supply Inputs (such as ammal traction equipment and repairs) to farms

Mlcroenterpnses are also Important to Increase the production-linkage and consumptlon

linkage multipliers from Increases In farm output Priority types of mlcroenterpnse

promotion would In general be those Involved In farm Input prOVISion, food processing and

marketing, and splnoffs from cash cropping

• Investments In transport and market Infrastructure are needed to reduce costs within

the agncultural system Investments In transport and market Infrastructure, by redUCing

costs within the food system, can also make It profitable for farmers to adopt new

technologies or new crops that are consistent with consumer preferences and Willingness

to pay To this end, a commodity sector perspective IS needed to help Identify Important

opportunities to raise productiVity at levels of the food system above the farm (e g , In

processing or marketing actiVities, or through policy change) Knowledge of consumer or

export demand IS also needed to gUide development of new farm production technology
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(2) Strategies to raise farm productivity will need to differ, however, between favorable

and unfavorable agrochmatlc zones

• With proper conditions, much Increased productivity can be expected In the favorable

(to cropping) zones

• Expectations for cropping intensification are more modest for the agrochmatlcally

unfavorable (to cropping) and fragile zones, and attention will need to be paid to

alternative Income sources off-farm In the latter zones This will promote food secunty In

the agrochmatlcally unfavorable zones and Increase effective demand for agncultural

products from favorable zones

(3) The environment and the farm productiVity agendas should be hnked EnVironmental

degradation and pressure on marginal lands cannot be halted without raising farm-level

productivity through sustainable IntenSification -- yet interventIons to Improve farm-level

productIvIty must be accompanted by conservatIon Investments

• One cannot go far In conserving the sod without increasing land productiVity through

intenSification, e g , by applYing fertilizer and manure IntenSificatIon reduces the land

area needed to achieve a given output level -- intenSification on land already under

cultivation can reduce pressure to expand cultivatIOn onto fragile marginal lands and thus

lead to more sustainable resource use 5011 conservation measures also become more

attractive when the production enterprises they support are more profitable

• One cannot Increase farm produetavlty without batthng sod degradation with soli

conservation measures (grass straps, anti-erOSion ditches, bunds, hedgerows, terraces),

supported by conservation extension and education

• Afncan farmers can be ·caught between a rock and a hard place· Structural

adjustment, by making Inputs such as fertilizer more expenSive due to agracultural policy

reform, may hamper the ability of poor farmers to intenSify production Because of

environmental policy reform, the same farmers may be unable to compensate by
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expanding production Into marginal area or by exploiting resources of the commons Such

contradictIOns often pass unperceived because the reforms are promoted by separate

constituencies and mOnitored by different government agencies

{4} The off-farm employment and the farm productivity agendas should be hnked In many

areas off-farm Income IS a critical means to pay for farm Inputs and Investments Moreover,

much of the growth of nonfarm activity IS hnked to growth of farm output Growth In off-farm

employment opportunities In rural areas IS essential to achieving food security and economic

transformation In Afnca

• Nonfarm Income (nonfarm Income) can Increase purchased Input use or capital

Investments (thereby increasing productiVity) where credit IS unavailable or costly to use,

or where other sources of cash Income for loan repayment are lacking

• nonfarm Income can be especially Important In faCIlitating conservation Investments, for

which credit IS rarely available

• Nonfarm actiVities smooth household Income and help to reduce nsk by diversifying the

sources of household Income

• Agncultural growth In turn stimulates growth of the nonfarm sector, by increasing the

demand for mputs such as ammal traction eqUIpment and repair services, and by

mcreaslng the supply of crop and livestock products used as Inputs for processing firms

(millers, leather workers, etc) Agricultural growth can also stimulate other rural nonfarm

firms smce an Important share of mcrements to farm Income tends to be spent on locally

produced consumer goods

• Mlcro-enterpnse promotion programs that provide rural employment while redUCing the

cost of farm inPuts and increasing the off-farm multipliers from farm output growth are

deSirable
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• The Importance of mcome diversificatIOn to rural Afncan households means that new

cropping technology proposed for farmer adoption must not only be finanCIally and

economically profItable, but also attractIve relative to alternative uses of household

resources (e g , Itvestock and nonfarm productIon)

• Pohcymakers should be wOrried about equItable access to these Income sources,

however, sInce that will affect how eqUitably the benefits of productivIty Improvements

are dlstnbuted over tIme We have noted that In many areas of Afnca there IS very

unequal access to nonfarm mcome-earnlng actIvIties, often because famlhes are unable to

make the necessary Initial mvestments for lack of cash reserves or access to credIt to

fInance them The same equIty Issue can anse concernmg access to hIgh-return cash

croppIng schemes

(5) Cash croppmg programs spur productIVity through providing cash to buy Improved

mputs, and dependIng how they are organized, Increase access from the supply SIde to

Improved mputs and to low-nsk output marketIng opportunitIes

In sum, there are Important synergIes between programs that raIse AfrIcan farm

produet!vlty, and programs that promote nonfarm enterpnses, market development, and

natural resource conservation Harnessmg these synergies Will allow natIonal governments

and donors to get more for their money m terms of growth, food secunty, and envIronmental

protection

6 2 Pohcy Imphcatlons

Promotion of Improved inPut use will need to be innovative In order to be consistent with

Widespread fiscal constraints and the goals of structural adjustment In the past In many cases

Input use has been promoted In ways that are not economIcally sound, that In the long run

are not fIscally sustamable Yet the reductIon of government programs and SubSIdies

assOCIated wIth structural adjustment appears to have discouraged the use of modern mputs

(Improved seed, fertIlizer, animal traction), by ralsmg cost and redUCing availabIlity
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• The upshot IS that farm Input costs must be reduced without returnmg to fiscally

unsustainable Subsidies We advocate a "middle path" between fiscally unsustainable

government outlays and complete government withdrawal from support to agriculture

This middle path Implies substantial public and private Investment In agricultural research,

human capital. and prodUction and market mfrastructure

• Pohcy reform alone (exchange and Interest rate policy, market liberalization,

pnvatlzation), while Important, IS not sufficient to spur higher agricultural productivity,

resource, technology, and market constraints on agncultural growth must be tackled

directly by allocating government and donor resources to overcoming them There are

three potential dilemmas associated with the use of policy reform

•• (a) As wIth the "food pnce policy dilemma" of Timmer (1990), Increased prices

(especIally If they result from currency devaluation) can cut two ways by ralsmg the

pnce of output, especially export crops, but also by raising the price of key Imported

Inputs such as fertilizer and animal traction equipment DevaluatIOn could also

encourage the export of aOimals needed locally to generate manure The result may

be that net profltablhty of key cash crops and productivity mvestments does not

necessarily flse with devaluation

•• (b) RaISIng average profitability without redUCing price instability or Income risk

means that there IS stili a major Impediment to the attractiveness of productiVity

Investments Risk and Instability are a function of climatiC variation (espeCially In

ramfed zones), high transaction costs, and other structural constramts that reqUire

mfrastructural Investment (e g , Irrtgatlon, Improved roads) to overcome

•• (c) Farm Investment can be profitable m an absolute sense but not In a relative

sense if nonfarm Investment opportunities appear to be "better bets" to rural

households, or If nonfarm actiVities are necessary In order to generate cash Income

Households will not want to adopt productlvlty- and conservatlon-enhancmg measures

If the payback IS not higher or faster than alternatives off the farm Because capital

and labor may be tied up In nonfarm actiVitIes, eIther In the ramy season or the dry

season, agricultural researchers and environmentalists should not expect farm
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households to adopt natural resource management practices and conservation

Investments automatically The profitability of such Investments must be evaluated

relative to the returns available from other farm and nonfarm activities

• Public mvestment should be such that It complements and spurs private mvestment on

farm. m the Input dlstnbutlon system, and In primary product processing It IS essential

that governments and donors Invest In understanding how to promote the economIc use

of the tools of sustainable intensIficatIon -- fertilizer. antmal traction. orgamc Inputs. and

sOil conservation Investments

Thus the debate should be reopened on Identlfymg cost-effectIve ways of mcreasmg

access to mputs. by Improvmg the delivery of mputs and glvmg farmers the means to pay

for them This effort IS especially appropnate In countnes whose macroeconomic

environment has become more favorable through structural adjustment This should be a

pnonty policy Issue In Afnca In the 1990s and beyond

• Improved food system performance wall requtre productIVity gains both at the farm level

and at other levels of the system. such as processmg and marketing Which level of the

food system IS the hIghest pnonty for research and policy interventIons Will depend on

circumstances In the commodIty subsectors concerned The nature of consumer demand

constitutes an Important parameter that determines what can and should be done to

expand the volume of busmess wIthIn the subsector. and what thIs Implies for the

potentIal to expand farm-level productIon

• Land constraints are growing In many places In Afnca as a result of populatIon pressure

and the slow development of successful IntensificatIon technologies In some cases more

secure land tenure IS necessary for Intensification Investments to take place In addition

large farmers sometimes use land less effICIently than smaller farmers Land policy Will

need to take that mto account
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