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Executive Summary 

T Reardon, V Kelly, E Crawford, K Savadogo, and T Jayne 

INTRODUCTION 

The physical, pollcy, and economlc context In 
Afr1e.a has changed radically from the 1960s- 
1970s (when the bulk of farm management 
studies were done) to the 1980s-1990s there has 
been rapld population growth, so11 and natural 
resource degradation, declrnlng ra~nfall In the 
semi-and troprcs, growlng land constraints In 
semi-and and tropical highland areas, structural 
ddjustment programs, increased market 
involvement by farmers, diverslficatron of farm 
household Incomes Into nonfarm actlvltres, and 
vdrled success of technology development and 
transfer 

Moreover, there has been recent w~despread 
concern for Afrlcan agriculture based on 
perceptions of low or declining agrlcultural 
productivlty 

The above changes and concerns polnt to the 
need to update our understanding of farm 
productlvlty In Afr~ca To thrs end, and to 
support Development Fund for Afrlca objectives, 
AID/AFR/SD/PSGE/FSP has funded several 
studies of agrlcultural productrv~ty, lncludlng 
one conducted by Mlchigan State University 
under rts Food Securrty I1 Cooperative 
Agreement wlth AID 

Our alrn has been to " d ~ g  belowt1 aggregate 
trends to uncover farm-level determinants of 
aglcultural productivlty, and examlne how 
these determlnants may vary by crop, 
agroecolog~cal zone, farm type, technology, and 

~nstltutional/pol~cy settlng An Important goal of 
the project was also to strengthen Afrlcan 
research capaclty through collaborative 
research and jolnt pollcy outreach 

The present document synthes~zes findings 
from our four country studles (In Burkind 
Faso, Rwanda, Senegal, and Zimbabwe), 
focuslng on patterns In and determlnants of 
farm productlvlty change, and their 
impl~catlons for strategy, pol~cy, and 
programs to promote agrrcultural productrvrty In 
Africa 

DATA AND METHODS 

The three farm-level studles used detalled 
household survey data covering both farm and 
nonfarm actlvrtles of households the Burluna 
Faso study used a panel of four years of farm- 
level data, the Rwanda study, three years, and 
the Senegal study one year The Z~mbabwe 
study used aggregate data, and used an 18-year 
serles for each of two groups -- smallholders and 
large comrnercral farmers 

The study examined patterns In and 
determinants of crop product~vlty differences 
- total and partla1 factor product~v~ty, 
~ncluding average and marglnal measures - 
over groups of farms, zones, and years The 
factors examined were primarily physlcal 
product~on inputs (e g , fertiluer) and 
management practices (e g , soil conservation), 
as well as conditlonlng variables such as 
agroclimat~c zone, household characteristics 
(e g , nonfarm lncome earned), supporting 



institutions and services (input supply 
infrastructure and credlt access) 

We also examlned the broader measure of 
product~v~ty of farm households - total net 
Income per person from farm and nonfarm 
sectors, and the composition of income from 
these sectors, so as to take into account African 
farm households interest beyond just crop 
production, their attempt to maximlze overall 
income from many sources mcluding livestock 
and nonfarm production and wage labor, to 
assure food security 

The study's mandate IS a focus on farm-level 
productlvity Outs~de of our scope IS the Issue 
of how changes m farm-level productlvity 
(and changes In pol~cy 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 
y~elds, which can in turn increase the efficiency 
of downstream markets and processing plants, 
but subsidy outlays to spur input use can 
increase fiscal deficits and general price levels 
The effects are indetermate a pnon and are 
thus an empirical knowledge gap to address 
elsewhere 

MAJOR FINDINGS 

Productzv@ Patterns 

Growth In average land product (output per 
hectare) and average labor product (output 
per agr~cultural worker) was slow In the four 
study countr~es for most crops In general, 
average land product grew more quickly than 
average labor product, indicating Increasing 
population density This coincides wlth FA0 
analysis (Higgis et al , 1982) showing that land 
constraints are generally increasing m African 
agriculture, especrally in the sem-arid and 
hlghland tropics (our study areas) 

Disaggregating the analysis m our study 
countries by using farm-level data showed 
substantla1 varlabillty in average land products 
and average labor products by (a) crop, (b) 

agroecolog~cal zone, (c) type of year, (d) type of 
technology used, and (e) and farm slze 

(a) By crop Average land products increased 
for government-promoted cash crops such as 
cotton and malze in Burklna Faso, malze, wheat, 
and soybeans in Rwanda, and maue in 
Zimbabwe (total factor productivity growth for 
malze among Zimbabwe smallholders grew from 
1980-1986 then fell thereafter) Average land 
products were stagnant or decllned for many 
subsistence or semi-commeraal~zed food 
staples, such as for millet in the Sahel or tubers 
in Rwanda 

(b) By agroecological zone Average land 
products in more favorable zones of Burkina 
Faso tended to be 1 5-3 0 times hlgher than 
those In less favorable zones, in Rwanda, that 
range is also 2-3 tmes In Zimbabwe, among 
smallholders, maue average land product in the 
more favorable agroclimatic zones grew from 1 
to 1 5 tonslha over 1980-86 while malze 
average land product was stagnant for 
smallholders in the less favored agroclmatic 
zones 

(c) By type of year Large swngs in average 
land products occur between years of good 
ralnfall and bad For example, m northern 
Burkina, mlllet average land products changed 
sixfold between the good year of 1983 and the 
drought year of 1984 In Zimbabwe, malze 
average land products m the good year 1981 
were threefold average land products in the 
drought year 1983 for the smallholder sector 
This result points to the notorlous risluness of 
agriculture m many areas, and to the sens~tivlty 
to beglnnrng and endlng polnts of long~tudlnal 
productlv~ty analys~s In Afr~ca 

(d) By type of technology used In Burluna, 
cotton average land products on an~mal traction 
farms were 1 5 tunes those on manual farm? 

(e) By farm slze The fmdmgs are conditioned 
by the capital Intensity of the larger farms In 
Rwanda, average land products on small farms 
were 1 6-2 0 times the average land products on 
larger farms, except where larger farmers were 



In special cashcropping programs In Zimbabwe, 
micro ev~dence shows that malze average land 
products on comrnerc~al farms can be 3-5 tlmes 
those on communal smallholder farms 

General findzngs regardzng detennznants 

Our results reemphasized the importance of 
tradlt~onally ~dent~fied determlnants of 
productivity In farm management studles In 
Africa 

Improved seed 

as well as land and labor But actual 
product~vity effects varied substantially by 
location and farm household type 

m Our studies Identified constralnts on 
avallabillty of seed, fertlllzer, equipment, 
operat~ng capltal, and good quallty land The 
studies also showed unequal access to these 
Inputs, and hence an unequal dlstrlbut~on of 
benefits from ~mproved Input use, partly because 
of unequal access to cash Income (espec~ally 
from nonfarm actlvlt~es) and to credlt 

m Our stud~es highl~ghted several determlnants 
of product~vity that have not tradltlonally 
been emphasized In Afrlca, that we belleve are 
llnked to the changes in the economic and 
phys~cal context over the last few decades 
(d~scussed above) 

m Nonfarm lncome generation often plays 
a key role In facilitating acquisltion and 
use of productlv~ty-enhanc~ng Inputs 

m Natural  resource conservation 
Improves farm-level productlv~ty 
C o n v e r s e l y ,  improv ing  f a rm 
product~vlty helps conserve resources 

Market Infrastructure a Important to 
acquisltion of Inputs that dr~ve 
product~v~ty change 

Drscussron of results for speczfic determznunls 

Seed 

The case studres polnt to seed as one of the 
most Important determlnants of 
productlv~ty (MSU stud~es of returns to 
agricultural research (Oehmke and 
Crawford, 1993) have also showed the 
plvotal role of effectlve seed distribution ) 

Plant-breed~ng programs have developed 
Improved cultlvars that have Increased 
productlv~ty (hybr~d malze in Zimbabwe) or 
malntalned productlv~ty In the face of 
worsening environmental conditions (short- 
cycle peanuts In Senegal) 

For seed to make its full contr~but~on to pro- 
ductlv~ty, seed quallty, ava~labllity, and 
affordablllty must be assured by public and 
prlvate sector institutions, through both 
research and supportive pollcles 

Government seed dlstrlbut~on and credlt 
programs have been cut back and seed 
prices lncreased by pollcy reforms 
associated wlth structural adjustment In 
Senegal, the result was lim~ted access to 
seeds (reflected In margrnal value products 
of seed well above seed prices), a marked 
drop in use of peanut seed, and a substantial 
acreage sh~ft from peanuts to millet (with the 
consequence of less nltrogen fixat~on by 
peanuts) 

Gwen prevlous constralnts on the 
development of prlvate sector input supply 
networks and rural financial markets, seed 
distr~butron in Afrlca has tended to work 
better when a single organization provides 
seeds on credlt in conjunction wlth 
complementary Inputs, and recovers credit 
by controll~ng output marketing (e g , cotton 
and confect~onery peanuts in Senegal, and 
cotton In Burklna Faso) This vert~cally 
Integrated approach has tended to deal more 
effectively with the problems of coordlnatlng 
input delivery, credlt, and output markets 



than more decentrallzed and un-integrated 
networks found in much of Africa The 
integrated approach has also tended to work 
better for cash crops than for food crops, 
which have more than one marketing outlet 

Availability and affordability issues apply to 
fertillzer as well as to seed, fertillzer differs 
from seed in that 

0. fertlllzer is more costly and financially 
risky than seed, hence constraints on farmer 
demand are greater, 

8 fertlllzer is bulkier, harder to store, and 
more costly to transport than seed, hence 
constraints on effective distribution are 
greater 

Data on farmer-managed trials in Senegal 
show evidence of physlcal response and 
profitablllty (but also risluness) of fertillzer 
use Survey data from Burkina Faso show 
evidence of fertillzer impacts on average 
land product when combined with manure 
and anunal traction 

Observed fertilizer rates vaned wdely by 
zone and crop (from under 10 to over 110 
kglha, compared with an Afrlcan average of 
8 kgtha) Greatest use (well above the 
Afrlcan average) was m hlgher ramfall 
areas and on cash crops, where dlstrlbu- 
tlon, credlt, and marketlngJcred~t 
recovery were handled by a parastatal, or 
where households had more nonfarm 
Income 

The elimination of credlt and fert~lizer 
subs~dles and a swtch from government 
to prlvate sector d~stribution (reducing the 
area served), often associated with structural 
adjustment programs, have had a negatlve 
impact on fertlllzer use 

a* m Senegal, fertillzer use on peanuts 
went from 38,000 t in 1976 to 3,000 t in 
1988, overall consumption of fertlllzer went 

from 75,000 tons in 1980181 (roughly its 
average m the 1970s) to 27,100 tons in 
198516, 19,900 in 198617, and 22,400 in 
198718, much of the fertlllzer use was on 
cotton, irrigated rice, and vegetables -- 
either where subsidies and cred~t remains 
(cotton) or where there is water control 
(rlce, vegetables) 

0. in Zmbabwe, recent elimination of 
fertillzer credit caused a decline in fertillzer 
use on hybrid malze by small farmers and a 
decllne in hybrid malze area 

Animal tractlon 

The maln effect of animal traction shown m 
Africa to date has been to reduce field labor 
inputs and facilitate area expansion 
(especially on light soils), rather than to 
increase average land products 

Our case study m Burluna Faso showed 
strong farm-level Impacts of anlmal 
tractlon on land and labor productivlty on 
cotton in the Gulnean zone, and on supply 
responsiveness, efficiency of resource 
allocation, and on manure use 

Investment m anlmal tractlon IS more llkely 
for households that have access to more land, 
earn more nonfarm Income, and grow cash 
crops 

Organlc inputs use and conservation 
Investments 

Practices that add organlc matter to so11 
and conserve water or prevent eroslon 
and help water retention (e g , bunds, tled 
ridges, terraces) increase productivlty, 
e g , by increasing the impact of fertillzer 
and increasing soil moisture Conservation 
investments are complementary with the use 
of unproved mputs and organic matter 

88  use of organlc matter and so11 
conservation Investments greatly Increased 
land productivlty In Rwanda -- 
conservation mvestments on low degradation 



farms Increased the land marglnal value 
product by 27%, for moderately and very 
degraded farms, the Increase was 28-34% 
and 42 % , respectively 

0 Investment In so11 conservatlon 
Investments IS more llkely for farms that 
ore smaller (hence have less abtllty to 
fallow, a substitute for these Investments), 
earn more nonfarm Income, and grow 
rash crops 

Land and labor 

Slze and qual~ty of land matter for 
product~v~ty, land constra~nts are 
lncreaslngly common due to population 
pressure 

0 0  in Rwanda, land rental (as compared 
to ownership) discourages use of organlc 
matter and sol1 conservatlon ~nvestments, 
small farms had much higher land 
productivity than did larger farms But on 
smaller farms, marginal value products of 
labor were very low relat~ve to wage rates 
T h ~ s  lmplles lower opportunity cost of labor 
on smallholder farms than that reflected In 
the agricultural wage probably because of 
constralnts to access to that labor market as 
well as to nonagricultural employment 
opportunltles By contrast, marglnal value 
products of land were much higher for the 
smaller farms than land rental rates, 
lndlcat~ng constralnts on access to land 

Nonfarm Income 

0 Nonfarm income can ~ncrease purchased 
Input use or capltal ~nvestments where 
credlt IS unava~loble or costly to use, or 
where other sources of cash income for loan 
repayment are lacklng 

Nonfarm lncome can play a role In 
facllltatlng conservatlon ~nvestments, for 
which credit appears to be rarely available 

Nonfarm actlvlt~es smooth household lncome 
and help to reduce rlsk by diversifying the 
sources of household income 

0 withln a given agroecolog~cal zone, the 
poor have less access to nonfarm lncome 
opportunltles - nonfarm lncome tends to 
make up a smaller share of total lncome 
for poor than for rlch households, poor 
households are less able than rich 
households to participate in hlgh-return 
nonfarm actlvlties Thls IS worrisome 
because unequal access to nonfarm lncome 
translates Into unequal access to farm Inputs 
in the face of limited credit access 

0 0  there IS generally a poslt~ve 
relatlonshlp between nonfarm lncome and 
Improved Input use (fertlllzer and anlmal 
tractlon in Burklna Faso and Senegal, peanut 
seed in Senegal, conservatlon practices and 
fertlluer In Rwanda) 

Markets 

Well-functlonlng Input and output 
markets help farmers acqu~re and use 
productlvlty-lncreaslng Inputs by reduclng 
transactions costs and r~sks (e g , from 
imperfect informat~on, or prlce volatil~ty due 
to a thln market) 

0 vertical lntegratlon and coordination 
functions (Input supply, credit, output 
marketing) were assured effectively by 
parastatals for cotton (Senegal, Burklna 
Faso), maze (Senegal), and coffee 
(Rwanda), 

* government marketing depots and loans 
In Zimbabwe helped spur adoptton of hybr~d 
maue and use of fertlllzer The costs of 
these programs were h~gh, however, 
including hlgher consumer prlces due to 
grain movement controls that force the bulk 
of marketed grain output Into the State 
marketing channels and onward Into prlvate 
large-scale milling (that tends to make grain 
more expensive to consumers than do 
alternat~ve channels) 



IMPLICATIONS 

1 Sustarnable intensificatron of farm 
production through use of rmproved rnputs 
that ralse and sustaln Increases m land 
productlvlty IS a major food securrty Issue rn 
Afrrca, glven growlng land constrarnts and 
soil degradatlon To get needed breakthroughs 
In farm productlvrty, farm input use - such 
as fertlhzer, organrc inputs, anlmal traction, 
and conservatron Investments - needs to rrse 
substantially 

2 Strategres to rarse farm productiv~ty wl1 
need to dlffer, however, between favorable 
and unfavorable agroclrmat~c zones With 
proper conditions, much rncreased productrvity 
can be expected m the favorable zones 
Expectations for cropping intensification are 
more modest for the agrocl~mat~cally 
unfavorable and fraglle zones, and attention 
will need to be paid to alternative income 
sources off-farm rn the latter zones This will 
promote food security in the agroclimatically 
unfavorable zones and increase effective demand 
for agricultural products from favorable zones 

3 The envrronment and the farm productrvlty 
agendas are llnked Envrronmental 
degradatlon and pressure on marglnal lands 
cannot be halted without rarslng farm-level 
productlvlty - yet rnterventrons to improve 
farm-level productrvlty must be accompanred 
by conservation Investments Intenslficatlon 
on land already under cultrvation can reduce 
pressure to expand cultrvation onto fraglle 
margnal lands and thus lead to more 
sustarnable resource use 

4 Off-farm employment and the farm 
productiv~ty agendas are l~nked In many areas 
off-farm mcome u a crltical means to pay for 
farm mputs and investments Moreover, much of 
the growth of nonfarm activity is llnked to 
growth of farm output Growth in off-farm 
employment opportumties in rural areas is 
essential to achieving food securlty and 
economic transformation in Africa 

The upshot IS that mrcro-enterprise promotron 
programs that provide rural employment 
whrle reduclng the cost of farm Inputs and 
lncreasrng the off-farm multlpl~ers from farm 
output growth are desirable 

Moreover, the importance of income 
diversification to rural African 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 , livestock and nonfarm 
production) 

5 Cash cropprng programs spur productrvlty 
through providing cash to buy improved inputs, 
and depending how they are organized, increase 
access from the supply side to improved inputs 
and to low-risk output marketing opportunities 

6 Promot~on of rmproved input use w1l need 
to be lnnovatlve m order to be consistent w t h  
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 
sustainable Yet the reduction of government 
programs and subsidies associated with structural 
adjustment appears to have discouraged the use 
of modem inputs (improved seed, fertilizer, 
animal traction), by raising cost and reducing 
availability 

The upshot IS that farm Input costs must be 
reduced wthout returning to fiscally 
unsustalnable subsrdles We advocate a 
"rn~ddle ~ a t h "  between fiscally unsustarnable 
government outlays and complete government 
wthdrawal from support to agrrculture T h ~ s  
m~ddle path impl~es substantial pubhc and 
pr~vate rnvestment m agrrcultural research, 
human capltal, and productron and market 
Infrastructure Policy reform alone (exchange 
and Interest rate polrcy, market lrberahzat~on, 
pnvatlzatlon), whrle Important, IS not 
sufficient to spur hrgher agricultural 
productivity, resource, technology, and 



market constraints on agr~cultural growth 
must be tackled directly by alloutlng 
government and donor resources to 
overcoming them 

Publlc Investment should be such that it 
complements and spurs prlvate Investment on- 
farm, In the Input dlstrlbution system, and In 
prlmary product processing It IS essential 
that governments and donors Invest rn 
understanding how to promote the economic 
use of the tools of sustainable intensification - 
fertlllrer, animal traction, organlc Inputs, and 
so11 conservat~on ~nvestments 

Thus the debate should be reopened on 
identifying cost-effective ways of increasing 

access to inputs, by improving the delivery of 
inputs and giving farmers the means to pay for 
them This effort is especially appropr~ate in 
countries whose macroeconomic environment 
has become more favorable through structural 
adjustment This should be a prlority policy 
issue In Africa in the 1990s and beyond 



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 in the 1960s and 1970s by Abalu, Barrett, Benoit-Cattin, Byerlee, 

Charreau, Chuta, Cleave, Collinson, Delgado, Falusi, Faye, Flinn, Liedholm, Massell, Matlon, 

Mclntire, Norman, Nweke, Olayide, Ruthenberg, Shapiro, Spencer,Tourte, Upton, Wolgin, and 

others, who advanced our understand~ng of the determinants of productivity in African 

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

improved management practices and inputs such as fertilizer, animal traction, and manure, 

and pointed to connections between the farm and nonfarm, and the cropping and livestock 

economies 

In the 1960s and 1 970s, most rural Africans were subsistence farmers producing for their 

own consumption and using few, if any, purchased inputs Afr~can agriculture was viewed 

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

expand~ng cultivated area, and on promoting a shift from subsistence to commercial 

agriculture 

During the last 20-30 years there have been radical changes in the physical, social, and 

economic environment In rural Africa Rainfall has declined on average and a series of major 

droughts have underscored the severe risk of rainfed agriculture in Africa, soils have degraded, 

and land constraints are growing bele and Stone (1 989) Population growth and urbanization 

have accelerated, to the point where the population growth rate now exceeds the overall 

growth and the food output growth rates throughout much of the continent Many countries 

now import substantial quantities of staple foods 

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

productivity with 'modern' inputs, Africa has seen few Green Revolutions, particularly in food 



crops Excepttons Include relatively short-llved successes In hybrld maize In Zlmbabwe and 

Kenya In the 1960's and In Malawl, Zambia, Zlmbabwe, Nlgerla, and Ghana In the 1980s- 

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

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

and governments changed thelr economlc strategies durlng the last t w o  decades Farm 

households have become much more lnvolved In the larger economy, whlle governments have 

recently been wlthdrawlng from dlrect tnvolvement In the farm economy Although many rural 

households still rely on home productlon for a large share of their staple food supply, most 

now partlclpate In the monetized economy by selltng crops and other home-produced goods, 

and by earning a substantla1 share of thelr Income from nonfarm actlvttles Agr~culture alone 

no longer provldes an adequate llvellhood for most 

The drlve t o  Improve farm-level product~vtty was thwarted to  a certain extent by macro- 

economic crises and adjustments durtng the 1980s and 1990s External debt, rapldly 

Increasing food Imports, and flscal deflclts led t o  devaluation of currenctes, and cutbacks In 

or ellmlnatlon of rural-servlce parastatals, farm Input and consumer subsldles cut, and farm 

equtpment, seed, and fertlllzer programs It does not appear that the prlvate sector qu~ckly 

fllled the breach, so ~t has become lncreastngly dlfflcult for farmers In many countries t o  

obtaln the product~v~ty-enhancing Inputs that they were encouraged t o  adopt In the 1960s and 

1970s 

Collectively, these changes In the physlcal, socral, and economlc envlronment do not 

appear t o  be havlng a posltlve Impact on the agrlcultural sector The rate of growth In farm 

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

some countr~es agrlcultural growth has stagnated and In others ~t IS even negative 

We feel, however, that sweeplng statements about agrlcultural productlvlty based prlmarrly 

on aggregate natlonal crop productlon statlstlcs are not enough t o  adequately inform pol~cy 

makers about the state of Afrlcan agrlcultural productivity or what pollcles, tnstltuttons, and 

technologies are needed t o  Improve ~t The transfer of attention t o  structural adjustment 

programs and t o  Improvement In macro-economlc tndlcators durrng the last decade was 

accompanied by an emphasls In research on macro Issues and away from the detalled farm 

management studles typical of the 1960s and 1970s 

Consequently, much of the recent analysls of agrlcultural productlvlty reltes on aggregate 

statlstlcs A necessary complement t o  that aggregate work IS the work of "dlgglng below" 



the aggregate surface t o  examine how productlvlty and Incomes are evolv~ng at the household 

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

Fortunately, some recent studles collected detalled data on crop productlon actlvltles and 

other facets of rural household Income and expenditure behavlor The key objective of our 

study IS t o  use the avallable household data t o  add a mlcro d~menslon t o  our understanding 

of factors that are elther Increasing or constralnlng agrlcultural productlvlty across a broad 

spectrum of crops, agrocllmatlc zones, and types of households 

1 2 Scope 

The Development Fund for Afrlca addresses the mutually-dependent goals of ralslng 

agrlcultural productlvlty and promoting long-term susta~nablllty of natural resources as a 

means of lmprovlng economlc growth and food securlty The Food Securlty II Cooperative 

Agreement of Mlchlgan State Unlverslty has a pollcy research agenda almed at ldentlfylng 

technolog~es, pol~c~es, and lnstltutlons that will help attain these goals 

In that context, AIDIAFRISDIPSGEIFSP has flnanced research on agrlcultural productlvlty 

by MSU, as part of Food Securlty II The present document 1s a synthesis of results on 

patterns and determ~nants of agrlcultural productrvlty from four Afrlcan case studles based 

marnly on primary data collected by the authors and collaborators The case studles were 

undertaken In collaboration between MSU and Afrlcan research lnstltutlons t o  strengthen the 

pollcy research capacity of those lnstltutlons Study results have been the object of a serles 

of outreach and pollcy d~scuss~ons In the study countr~es and In reg~onal fora Detalls of the 

methods and country-spec~f~c results are reported In the case study documents avallable under 

separate cover ' 

The four case studies are (1) Savadogo, K , T Reardon, and K Pietola, "Raising farm 
productivlty m Burkina Faso for sustamable long-term food security", October 1994, (2) By~rmglro, F , 
D Clay, J Kangasnlem, T Reardon, B Sibomana, "Raismg farm productivlty m Rwanda for 
sustamable long-term food security", November 1994, (3) Kelly, V , B Dlagana, M Gaye, E Crawford, 
T Reardon, "Farm productivlty in Senegal", November 1994, (4) Jayne, T , C Thirtle, Y Khatn, B 
Kupfuma, T Reardon, "Determmants of farm producbvlty m Zimbabwe", December 1994 

The materlal m the case studies is broader than the issues treated here, where we concentrate on the 
determmants and constram, leaving much of the discuss~on of methodolog~cal Issues, capital formation, 
and muted-croppmg for other documents 



The pollcy research objectives of the project were to  ( 1 )  Increase and update our 

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

productlvlty, (2) dlscuss the pollcy and research ~ m p l ~ c a t ~ o n s  of the flndlngs To those ends, 

the study examlnes levels and determ~nants of productlvlty by agroclimatlc zone, by speclfic 

crops, and by types of technology Beslde examlnlng physical ~nput/output relat~onsh~ps, w e  

also examlne factors that indirectly influence crop productlvlty (for example, other farm and 

nonfarm activltles the changlng phys~cal environment, and the evolution of agricultural 

P O ~ ~ C Y )  

1 3 Layout of the report 

The report proceeds as follows Sectlon 2 discusses deflnitlons and methods Section 3 

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

factor productlvlty In the study countrles Sectlon 5 d~scusses find~ngs concerning the key 

physical deterrnlnants of productlvlty (seed fertilizer, land, labor, and anlmal traction) and 

conditlonlng factors (markets, credlt, nonfarm Income, farm size) In the four case study 

countrles Sectlon 6 concludes wlth strategic policy, and program ~ m p l ~ c a t ~ o n s  

2 CONCEPTS and METHODS 

2 1 Concepts 

The study's mandate 1s a focus on farm-level productlvlty Outslde of our scope IS the 

Issue of how changes In farm-level productlvlty (and changes In pollcy t o  effect them) affect 

the rest of the economy In practice, these economy-wlde effects can be complex -- for 

example government support programs can spur peanut farmers' adoption of inputs that ralse 

yields, whlch can In turn Increase the efficiency of downstream markets and processing 

plants, but subsidy outlays to  spur Input use can Increase fiscal def~cl ts  and general price 

levels The effects are lndetermlnate a pr~ori and are thus an empir~cal knowledge gap t o  

address elsewhere 



Here we define "product~v~ty" as the output der~ved from a standard unit of Input ~t shows 

how efflclent IS the producer's use of the Input That efflclency IS cond~tloned or determined 

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

For example, average land productlvlty IS the average output per unlt 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 characterist~cs of the farmer and herihis milieu -- 
education, rainfall, sod quallty, and so on 

"Average Input productlvlty" IS thus the output divlded by the Input level (e g total mrllet 

output dlvlded by total land used for millet) "Marginal Input product~v~ty" IS the addltlonal 

output (at the margln) produced by an extra unlt of Input used (e g how much mlllet an 

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

same set of condltloners as noted above 

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

product~vit~es are commonly valued at the output prlce The marglnal product of land, 

multlplled by the prlce of the good produced by that add~tlonal unlt of land, IS the "marglnal 

value product of land" 

Farm productlv~ty measures can be deflned wlth any number of crops In the numerator -- 
from one to  all When there are more than one they are aggregated uslng prlces as welghts 

Llkewlse, there can be one or more Inputs In the denomlnator, again summed (weighted by 

thew pr~ces) When all crops of the farm are In the numerator and all Inputs In the 

denomlnator, one has an Index of "total factor productlvlty" When a slngle Input IS used (with 

one or more outputs) one has "partlal factor productivity" 

If the producer is economically ratlonal and there IS no constralnt to the use of an Input, 

In theory the marglnal value product should equal the pecuniary factor prlce If, however, for 

example, there IS a constralnt In the farmer's access to the labor market, ~t IS posslble that 

the marg~nal value product of labor would be below the wage, lndlcatlng a klnd of excess of 

labor Or, ~f the marglnal value product of for example seed IS above its price, that means that 

farmers could efficiently use more seed (as marglnal return falls untll marginal value equals 

the seed pnce), but for some reason (such as credit I ~ m ~ t s l  the farmers are constrained In thew 

access to  seed 

Moreover, ~f a given Input IS allocated efficiently, the marg~nal value product of an Input 

for one crop should equal the same for any other crop a farmer grows If they are not equal, 



there IS some factor access constralnt (e g there are llmlts to  the type or quallty of land on 

whlch she can grow cotton) or non-optlmal behavlor due t o  presence of rlsk (say safety-flrst 

behavlor), or a rotatlon constralnt Then, for example, the farmer mlght flnd herself In the 

sltuatlon where she could earn more on each addltlonal acre ~f she could put the land under 

malze or cotton, but cannot, because of llmlts on avallablllty t o  the proper quallty or type of 

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

In thls report w e  work w ~ t h  all the above concepts and measures, but choose applicable 

measures somewhat differently by case study, wlth emphasls on srngle crop productlvlty 

measures In the farm-level case studles (Burklna, Rwanda, Senegal) so that allocation 

efflclency can be examlned and because speclflc input-to-crop allocation data are available 

Total factor productlv~ty determlnants are more lnterestlng In the case of longer time serles 

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

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

constraints -- the farm-level data sets are usually short t ~ m e  serles but have rlch Intercrop and 

inter-farm-type lnformatlon The meso and macro level data sets are usually longer tlme serles 

but lack detall t o  determine crop speclflc factor average land products 

2 2 Methods 

Average p roduc t~v~ t~es  are s~mply calculated using average output dlvlded by Input used 

by farms of a glven type (say anlmal tractlon-uslng farms In the Gulnean zone of Burklna 

Faso) By contrast, calculation of marg~nal product lv~t~es requires estlmatlon of product~on 

funct~ons or proflt funct~ons 

The productlon functlon IS output explained by use of varlable Inputs (labor, land, fertlllzer) 

and capltal Inputs (land, equipment), and other condltlonlng factors such as ramfall Gwen an 

estlmate from the functlon of the marglnal effect of e g labor on mlllet output, one can and 

w e  d ~ d  examlne how thls marglnal Impact changes when there are different levels of the 

condltlonlng factors (such as how much more productive IS an extra unit of labor when 

fert~llzer use IS higher) 

One can then ask what determines use of Inputs and condltlonlng variables -- lncludlng 

pollcy and other household-level determlnants llke nonfarm Income For example, rn Burkina 

Faso w e  studled what determined the adoptlon of anlmal traction, and then split the sample 



Into traction users and manual households, and then asked how thew productlvlty dlffered by 

estlmatlng productlon functions for the groups Thus, through the product~on functlon and 

Input use funct~ons, one traces how prlce and non-price varlables, themselves influenceable 

In part by pol~cy, determ~ne productlv~ty levels 

Three sets of farm-level, and one set of aggregate (group) data were used The flrst t w o  

farm-level sets are for the two  semi-arrd troplcs case studres In the Sahel, Burklna Faso and 

Senegal, the thlrd IS a troplcal highlands case study, Rwanda The fourth study uses aggregate 

tlme serles for smallholders and commercial largeholders In Zlmbabwe The case studles focus 

on t w o  agroecolog~cal zones that cover much of the Afrlcan populat~on the semi-arld troplcs 

and the hlghland troplcs 

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

of the rlchest panel data sets in Afrlca -- detalled data collected fortnightly or monthly durlng 

the study years, on Incomes (from farm and nonfarm act~v~t~es) ,  productlon, prices, 

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

management data set that focuses malnly on crop production The rlchness of the data 

contributes t o  our belng able to  Introduce toplcs that have been relat~vely neglected In other 

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

nonfarm Income The Zlmbabwe data set IS slmllarly rare In Afrlca, as there are few long time 

serles that dlstlngulsh small- and large-holders for a given country Below are more detalls on 

each case study 

(1 1 Burklna Faso the survey data cover flve growrng seasons from 1981-1 985, a perlod 

of t w o  severe droughts and three relat~vely good-ramfall years The survey sample was 150 

households spread over three agroecolog~cal zones (50 each, In t w o  vlllages of 25 each) 

(I) Sahellan zone, In the north The zone IS very poor agrocl~mat~cally, wlth extremely 

varlable ramfall over years Farms produce malnly coarse grains and livestock There IS little 

use of anlmal tractlon or fertlllzer lrrlgatlon 1s not used Households have (relative t o  other 

See Matlon (1988) for details concerning the survey method and coverage 
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zones) substantlal llvestock holdlngs There IS only moderate populatlon denslty Solls are 

degraded and the commons are dlsappearlng due to  bush removal and eroslon 

(11) Sudanlan zone, In the center The zone IS poor agrocl~mat~cally, w l th  moderately 

varlable ramfall Farms produced malnly coarse grams and llvestock There IS little use of 

anlmal tractlon or fertllrzer, and no lrrlgatlon Households have only small llvestock holdings, 

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

given hlgh populatlon denslty on arable land Solls are degraded and the commons are 

dlsappearlng due t o  bush removal and eroslon 

(III) Guinean zone, In the south The zone IS medlum-to-good agroclimatically, wl th low 

varlablllty of ramfall Farms produce coarse grains, cotton (an Important cash crop) and pulses 

There is moderate use of anlmal traction and fertilizer lrrlgatlon is not used Household 

l~vestock holdlngs are small on average, but vary considerably The land constraint IS less 

advanced than In the Sudanlan zone Solls are not very degraded, and common bushlands are 

stdl available and in good shape 

In all zones nonfarm lncome as a share of total household lncome -- lncome d~versl f lcat~on 

-- IS substantlal The shares for nonfarm lncome In total lncome In Burkina (Reardon et al 

1992) for our case study was 37  percent In the Sahellan zone 2 0  percent In the Sudanlan, 

and 40 percent In the Gulnean 

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

year of above-average ramfall These data are supplemented wrth lncome and expenditure 

data covering t w o  years (October 1988 through September 1989) The sample conslsts of 

1 4 0  households spread over the following flve zones of the Senegalese Peanut Basln (1) 

North, In the Sahellan agrocllmatlc zone, wlth ramfall of 300-500 mm, and sandy sorls, (2) 

Center-west, In the Sudano-sahellan agrocllmatlc zone, wl th ramfall of 500-700 mm, sandy 

so~ls, and land constraints, (3) Center, also In the Sudano-sahellan zone, w i th  rarnfall of 500- 

7 0 0  mm, and sandy soils, (4) Southwest, In the Sudano-gulnean agroclimat~c zone, w l th  

ramfall of 700-1 0 0 0  mm, sandy solls, and land constrarnts, (5) and the Southeast, also In the 

Sudano-gulnean zone, wi th ramfall of 700-1000 mm, and rocky and clay soils 

The northern zone IS much more dlverslfled Into nonfarm and mlgratlon actlvltles than the 

others and llvestock IS important, Kelly et al (1993) show the share of nonfarm lncome In 

total lncome for the same sample to  be 6 4  percent The agricultural base IS extremely 

degraded due t o  low ramfall, loss of tree cover, and erosion 



In the central zones, cropplng lncome and total household lncome are subject to extreme 

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

and have more diff~culty covering lncome shortfalls when crops fa11 Kelly et al 1993 show 

that the share of nonfarm lncome In total IS 24 percent The central Peanut Basrn IS densely 

populated by Senegalese standards (70-85 persons per square kllometer), maklng ~t 

lncreaslngly dlfflcult to earn a llvlng from elther cropplng or anlmal husbandry 

The two southern zones benefit from better solls, better rainfall, and proxlmlty to the 

Gambla The latter provldes a source of less expensive Inputs (fertlllzer, for example) and 

food products (rlce, sugar, and tea In particular), and Increases optlons for households to earn 

nonfarm lncome through cross-border commercial actlvltles The share of nonfarm lncome In 

total lncome 1s 43 percent Whlle the southwestern zone 1s faclng land constraints (32 

persons per square kllometer), thls 1s not true In the southeast (7 persons per square 

kllometer) Pasture land 1s also relatlvely abundant In the east, maklng anlmal husbandry a 

major lncome source In thls zone 

Peanuts and mlllet (and sorghum In the southeast) are the prlnclpal crops In all zones The 

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

we have not done any detalled analysls of these data Cowpeas are becomlng lncreaslngly 

Important in the north and the center, but they st111 represent a very small share of land 

cultivated and crop lncome In these areas 

Transportation and market Infrastructure 1s relatlvely good (by African standards) 

throughout the Peanut Basln, however, the lower populatlon denslty In the southeast means 

that the populatlon In thls zone generally needs to travel longer distances to get to paved 

roads and markets 

(3) The Rwanda study covers three growing seasons, 1988-1 991 The data are from a 

farm-household survey based on a natlonwlde stratlfled-random sample of 1,240 households 

The survey was undertaken by the Agricultural Statlstlcs Dlvls~on (DSA) of the Mlnlstry of 

Agriculture and Anlmal Husbandry (MINAGRI) In collaboration wlth MSU The sample 1s 

spread over the country's flve agro-ecolog~cal zones The dlstributlon of households across 

zones 1s as follows 192 In the Northwest zone, 192 In the Southwest, 288 In the North- 

Central, 256 In the South Central, and 31 2 In the Eastern zone Agro-ecolog~cal zones are 

deflned according to differences In altitude, ramfall, so11 type, and a varlety of agricultural 

characterlstlcs rncludlng cropplng patterns and livestock ownership (see Clay and Dejaegher 



1987) These all Ile w ~ t h l n  the trop~cal h~ghlands, w ~ t h  ramfall ranging from 800  to  1300 

mm/year 

On average, households cult~vate sl~ghtly less than one hectare of land, the d ~ s t r ~ b u t ~ o n  of 

landhold~ngs IS ~nequ~table by the standards of Afr~can smallholder agr~culture ( w ~ t h  a seven- 

fold d~fference In land per person between h~ghest and lowest landholder quart~les) The G I ~ I  

coe f f~c~en t  for d ~ s t r ~ b u t ~ o n  of land per person IS about 4 3  (versus 2- 3 In the WASAT) 

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

Important cash crops Farmrng IS labor-~ntens~ve Hoes and machetes are the bas~c farm 

~mplements, an~mal  t ract~on IS not used Livestock husbandry IS Integral t o  the farm~ng 

system, but the progressive conversion of pasture lnto cropland has caused a reduct~on In 

l~vestock product~on In recent decades, and a parallel decl~ne In the amount of manure 

ava~lable for lmprovlng soil f e r t ~ l ~ t y  Rwanda's average populat~on dens~ty IS among the 

h~ghest In A f r~ca  V~rtually all arable land IS now used for agr~culture, marg~nal lands once set 

as~de for pasture or left In long fallow are now comlng under more Intenswe cu l t~va t~on  Rural 

Informal and formal c red~t  IS qulte underdeveloped w ~ t h  access low Lover~dge (1 992)  f~nds  

that nonfarm Income (from wage labor sales and Independent enterprise) IS 25 percent of total 

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

prefectures Cult~vated hold~ngs are very small, and are fragmented lnto many smaller plots 

The vast majorlty of landhold~ngs are owner-operated, only 9 percent are rented Most 

households own a few small rum~nants, less than a quarter own cattle 

(4) The Z~mbabwe study uses t w o  aggregate time series, one for smallholders (1975- 

1990) and one for large commerc~al farmers (1 970-891, w~ thou t  d ls t~nc t~on of agrocl~mat~c 

zone The largeholder data are from the Central S ta t~s t~cs  Offrce and the smallholder data are 

from the aggregate agr~cultural accounts comp~led for the communal sector by the Minrstry 

of Lands, Agr~culture and Water Development The data were comp~led by Th~rtle, Khatr~, and 

Jayne 

Z~mbabwe's agr~cultural structure IS bl-modal, charactenzed by a large-scale, cap~tal- 

Intenswe commerc~al sector and a small-scale, low-~nput smallholder farm~ng sector The 

commerc~al sector IS composed of about 4,000 farmers of ma~nly  European descent 

controll~ng 35 percent of the country's arable land, w h ~ l e  the other 65 percent IS managed by 

about 1 m ~ l l ~ o n  Afr~can smallholder households The 4,000 or so commerc~al farmers normally 



account for about 70% of the nation's agrlcultural output and 80% of the marketed output 

(Thlrtle et all 1993) 

The country IS dlv~ded Into flve "Natural Reg~ons" wh~ch are dlfferenttated by ramfall and 

productlve potentlal Reglons I, II and Ill recelve the hlghest ramfall and are most sulted to 

agrlcultural production Reglons IV and V receive under 650 mm of ramfall on average, and 

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

In these relatlvely unproduct~ve regions About 58 percent of the land In the relatlvely 

productlve Reglons I, II and Ill IS commerc~al, 36 percent IS smallholder, and the remalnlng 6 

percent IS composed of natlonal parks and other publ~c lands 

The data used for both models was complled by Thirtle et al and a detalled descrlptlon 

of the baslc data can be found thereln 

The data for the largeholder (commerc~al) sector are composed of yearly observat~ons for 

the aggregate group, for (1) outputs, aggregated wlth a Dlvls~a Index Into three groups, (11 

food crops (malze and other grams), (11) lndustrlal crops (tobacco, coffee, and other export 

crops), and (111) llvestock and lrvestock products, (2) var~able inputs, are also aggregated wlth 

a Dlvlsla Index, Into four groups (I) h~red labor, (11) I~vestock-related Inputs (feed, veterinary 

costs, purchases from the communal sector), (111) chem~cal/crop-related Inputs (fertlllzer, other 

chemicals and packing), (IV) running costs (vehlcle maintenance, transport, sundries, services 

and I~censes), (3) quasl-flxed Inputs (vehicles and bulldlngs), (4) total land In the commercral 

sector, (5) condltronlng factors (research and extenslon, rainfall, and world patents 

The data for the smallholder (communal) sector are composed of yearly observat~ons for 

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

groups, (I) malze, (11) I~vestock, and (111) other crops (cotton, peanuts, sunflower, sorghum, 

millets), (2) varlabie Inputs, are also aggregated wlth a Dlvlsla index, Into two groups (11 

llvestock Inputs, (11) crop ~nputs, (3) flxed Inputs, (I) labor (total number of people engaged In 

agriculture, less those employed on commerc~al farms) and (11) land, (3) condltlon~ng factors 

(research and development and extenslon expenditures, the number of Gram Marketing Board 

(GMB) buylng statlons servlclng smallholder areas, the annual number of government loans 

disbursed to  smallholders, and ra~nfalll 



4 PATTERNS IN PRODUCTIVITY AGGREGATE VERSUS DISAGGREGATED 

We beg~n  by a brief look at aggregate patterns, then at patterns in the farm-level data, 

then at  the need to  broaden our view of farm product~v~ty by looking beyond crops and at 

nonfarm Income of rural households 

4 1 Aggregate Patterns 

For aggregate patterns, we used FA0 data per crop t o  calculate growth rates In average 

product per actlve agricultural worker and per cult~vated hectare over 1961 -1 991 for Burk~na, 

Senegal, and Z~mbabwe We d ~ d  so by flttlng h e a r  funct~on of average factor product t o  time 

trend For Burk~na, we found annual rates for average land product (labor product) t o  be 1 7 

(0) percent for maize, 7 ( 3) percent for m~llet/sorghum, and 3 8 (0  1)  percent for cotton -- 

the latter being the main br~ght  spot For Senegal, the f~gures were I 6 ( 1) percent for maize, 

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

slow or stagnant p roduct~v~ty  growth over the per~od, per worker, and per hectare, for most 

crops In the four study countries In general, average land products grew more qu~ckly than 

d ~ d  average labor product, ind~cat~ng Increasing population dens~ty per hectare 

In Rwanda, w e  used both the DSAJMINAGRI farm-level series covering 1984-91 (one of 

the longest farm-level surveys in Africa) and FA0 numbers, covering 1979-1991 The t w o  

series d~ f fe r  somewhat The land productivity of only three crops, malze, wheat, and soya 

(covering 10 percent of cult~vable land in 1990) increased during 1984-1 991  accord~ng t o  

DSA data Ma~ze had an annual growth rate of 2 percent according t o  DSA, and 1 percent 

measured by F A 0  But these growth rates are only about half the population growth rate (3 4 

percent) DSA shows land product~v~ty losses for nine crops that cover nearly 9 0  percent of 

The figures from FA0 are based on data provided by the Mlnlstry of Agriculture uslng past 
estlmates, reports from local author~tles, and research Institute crop cut estimates, in addltlon to the DSA 
survey data FA0  Production Year Books are not very expllclt on how the y~elds are defined According 
to our understanding, FAO production figures are annual, and their harvested area includes fields under 
annual (seasonal) crops We further assume that their cycle for cassava IS 18 months 

With these assumptions, FA0 y~eld figures are substantially above those of DSA for most crops 
DSA's 1989-91 mean yield estlmates for malze, sweet potatoes, and cassava are 23-30 percent below 
those of FAO, and the estlmates for sorghum, coffee, and potatoes are 12-18 percent below the FA0  
figures Only bean yleld estlmates are the same from the two sources 



the cultivated land In 1990 sorghum and potatoes (stagnant average land products according 

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

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

gain accordlng t o  FAO) and bananas 

In Zlmbabwe, the FA0 data over thls long perlod show a dlm picture for malze, the main 

food crop, wl th land productlvlty growing only at 1 1 to  6 percent per year, and labor 

productrvlty barely moving, at 3 percent per year But thls drsgulses rapld average land 

product growth in malze startrng In 1981, and after dlps In average land products from 

droughts in 1982-4, a rlse agaln In 1985 and 1986 Smallholder sector TFP grew at 7 percent 

annually from 1975 t o  1990, but tapered off since 1985, when the growth rate of malze 

productlon has been outstripped by population growth After rising dramatically durlng the 

early 1980s, per capita malze productlon In the smallholder sector durrng 1989/91 had 

decllned t o  about the same level as ~t was at independence Smallholder malze area peaked 

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

Most of the decllne In smallholder malze area appears t o  be In the lower-ramfall areas that are 

already subject t o  chronlc food deflclts (Reasons for the decllne are discussed In section 5) 

For the Zlmbabwe large-scale commercial farmlng sector, agr~cultural output growth had 

grown at  an annual rate of over 4 percent durlng the 1970s, but thrs rate dropped t o  just over 

2 percent durlng the 1980s However, total factor productivity durlng the 1980s Increased 

3 5 percent annually, compared t o  3 4 percent durlng the 1970s 

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

countries were more or less stagnant except In the cases of cotton and malze in Burklna, 

malze, wheat, and soya In Rwanda, and malze In Zlmbabwe durlng the flrst half of the 1980s 

The sltuatlons where average land products were substantially rased were mainly cash crops 

(also food crops, with the exceptlon of cotton) that recelved a falr amount of promotion, 

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

malnly the subsistence or seml-commerc~al~zed food staples, wlth the exceptlon of peanuts 

In Senegal 



4 2 D~saggregatlng the aggregate plcture 

The farm-level data allow us t o  " d ~ g  below" the country-level data discussed In 4 1, 

examlnlng dlfferences by agroecolog~cal zone wlthln a country, and by farmer type and good 

versus bad year Thls dlsaggregatlon 1s Important to  our understanding of the determinants 

of productlvlty change, and thew pollcy and technology rmpl~cat~ons 

Flrst, data used for nat~onal and FA0 statlstlcs are usually broken down by admrnlstratlve 

regions whlch are less useful than agrocl~mat~c zones for understandrng productlvlty 

dlfferences Farm-level data, by contrast, are often selected wl th agrocl~mat~c zones In mlnd 

There are often large drfferences In farm productlvlty over zones wlthln a country Average 

land products and average labor product In agrocl~mat~cally-unfavored zones 1s on average well 

below that In agrocl~mat~cally-favored zones, whlch have hlgher and more stable ramfall 

In Burklna Faso, for example, over 1981-85, the ratlo of favorable (Gulnean) zone land 

productlvlty t o  that of the unfavorable (Sahellan and Sudanlan) zone 1s 1 5 for millet, 1 5 for 

sorghum, 1 2 for malze, and 3 for cotton 

In Senegal, there 1s no stat~st~cal ly slgnlflcant dlfference In peanut average land product 

per hectare across agrocllmatlc zones Thls may be due to  the development and extenslon of 

peanut varieties that are adapted t o  different types of ramfall regimes For millet, however, 

there IS a statlstlcally slgnlf~cant dlfference In average land products between the Sahellan 

zone (Northern Peanut Basln) and one of the Sudano-Sahellan zone (Southwestern Peanut 

Bas~n) The better average land products In the Sudano-Sahellan zone are 1 7 trmes the land 

products In the Sahellan zone 

In Rwanda, over 1989-1 991, the ratlo of the zone wlth the best productlvlty In a glven 

crop t o  the worst was 1 7 for beans, 3 1 for malze, 1 4 for sweet potatoes, 3 8 for whlte 

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

zones, more or less wl th slmllar patterns 

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

between years and across zones That varlatlon 1s hlghest In the seml-and areas w l th  greatest 

ramfall varlatlon In Burklna, for example, total factor productlv~ty for anlmal tractlon 

households In the favored (Gulnean) zone vaned from 1 t o  66 t o  87 t o  5 4  t o  99  from 1981 

t o  1985 (wl th the large dlps In 1982 and 1984 due t o  drought) In the unfavored 

(Sahel~anISudanlan) zone, the changes were even sharper, mlrrorlng greater lnstablllty of 



rainfall 1 In 1981, then 1 1, 1 65, 56, and 1 46 in 1982-1 985 Moreover, the ratlo of mlllet 

average land products in the Sahelian zone In a good year to  those In a bad year is 3 6 -- 

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

zones for millet The good bad year ratlo 1s only 1 2 for millet In the favorable (Guinean) zone - 
- reflecting less rainfall varlablllty Interestingly, the ratio of average land products of mlllet 

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

ramfall the zone differences are nearly erased 

Third, average land products can dlffer greatly over technology regimes In Burklna, for 

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

Sudanlan) zone between anlmal traction and manual households But for cotton, the ratlo of 

traction t o  manual land average land products IS 1 5 on average 

Fourth, average land products can dlffer as a functlon of farm slze Land is relatively 

equally distributed In the Sahel (e g Burklna has a land Glnl of 30) whlle In Rwanda land 1s 

less equally distributed (a Glnl of 43) In Rwanda, for example, we find that the ratlo of 

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

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

Zimbabwe, mlcro evldence shows that maize average land products on commercial farms can 

be 3-5 times those on communal smallholder farms 

Fifth, marg~nal value products can also dlffer over crops Economic theory predlcts that 

they should not dlffer -- where there are no constraints In land, labor, or capltal access or no 

market dlstortlons Nevertheless, thls does not always hold In Afrlca because of factor 

constraints and market dlstortlons We found In Burklna, for example, that land and labor 

marglnal value products were much higher for cotton and maize (cash crops) In the Gulnean 

zone than are those of mlllet and sorghum, subslstence crops In Rwanda, average value 

products dlffer 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 subslstence crops) 

But In both countries, there are constraints on access t o  the type and quallty of land that the 

hlgher value crops require 

Slxth, marglnal value products can dlffer from thew prices, lmplylng under- or over-use of 

factors given the levels of complementary Inputs For example, In Rwanda we flnd that the 

marglnal value product of land use by small farmers IS well above the rental prlce of land 

lmplylng a land constraint The wage 1s above the labor marglnal value product, lmplylng 



constralnts t o  access t o  the labor market (either agr~cultural or nonagr~cultural) In Senegal, 

the marglnal value product of peanut seed exceeds ~ t s  prlce, lndlcatlng access constralnts t o  

seed A t  the same time, the marglnal value product of labor IS below the estrmated wage 

rate, ~ndlcatlng that more than the econom~cally optlmal amount of labor IS be~ng used Thls 

conclus~on assumes that those work~ng In the frelds could f ~ n d  wage employment at the 

estimated wage rate, not a certainty given poorly functlonlng rural labor markets In Senegal 

In sum, farm-level data allow us t o  go "below" the surface of the aggregate data Desplte 

our flnding a number of constralnts and much evldence of stagnation, we also found that 

there are sltuatlons where there has been dramatlc average land product Increases In some 

perlods (cotton and maize In Burklna or Zimbabwe), and very productlve zones such as the 

favored zones In the southern band of the western seml-and tropics, or pockets of very 

productlve agr~culture In the Rwandan highlands Aggregate data hlde these farm-level 

successes Yet ~t IS the determinants of these successes that we need to  fathom, as a gulde 

to  future action 

4 3 Broadening our perspective -- addlng the nonagr~cultural sector 

Hill (1 982) laments that even up through the early 1980s the tradlt~onal view persisted 

that the typlcal Afrlcan rural household IS exclus~vely engaged In farmlng, wl th only very minor 

actlvlty outslde the agr~cultural sector Early work In Nlger~a by Norman (1973), Matlon 

(1 9791, and Hill (1 982) showed that thls IS a mlsconceptlon More recent studles In Botswana 

and Zambla (Low 1986), Kenya (Colller and Lal, 1986), Burklna (Reardon e t  al 19881, Senegal 

(Kelly et al 19931, Nlger (Hopklns and Reardon 1993), Loverldge (1992) and a few others 

(see Reardon et al 1993 for a review of thls evrdence for the WASAT, undertaken as part of 

the current productlvlty project) conflrm that Afrlcan farmers substantially dlverslfy their 

Incomes beyond farmlng Into nonfarm actlvltles, thus reversing that tradltlonal Image In 

general the more recent studles show that households dlverslfy more than formerly Reardon 

et al (1 993), revlewlng evldence from the West Afrlcan seml-and troplcs (WASAT) for this 

productivity project, found that nonfarm Income vaned from zone averages of 2 0  to  6 4  

percent of total Income (simple average of 39  percent), and non-cropping Income ranged from 

31  t o  8 3  percent (s~mple average of 48  percent) Earher studles found that the range was 

2030  percent (Haggblade et al ) 



Moreover, Reardon et al (1 993) show that most of total lncorne In the rural areas of the 

WASAT 1s from "production-llnkage" actrv~tles (upstream and downstream from local 

agrlculture -- I e supplying Inputs and servlces t o  the farm or using outputs from the farm In 

processing and marketing) for Burklna, 60 percent In the Sahel~an, all In the Sudanlan, and 

9 0  percent In the Gulnean zone In Senegal, the shares are 40  percent, 38 percent, and 40  

percent, respectively for the three zones The other lncome IS elther from m~gratlon, or llnked 

t o  local towns 

Yet the nonfarm lncome In Burklna, Rwanda, and Senegal 1s poorly dlstrlbuted wlth both 

share and absolute levels much hlgher for rlcher households In a given zone The poorest are 

most dependent dlrectly on cropplng Comparing the share of nonfarm lncome In total 

household lncome for the lower terclle versus the upper terclle, Reardon et al (1 993) found 

In Burklna 1 9  vs 4 6  percent In the Sahellan zone, 1 4  vs 26 percent In the Sudanlan, and 29 

versus 51 percent In the Gulnean zone The patterns are slmllar In Senegal 4 0  vs 75 percent, 

28 vs 2 4  percent, and 29 vs 4 2  percent In Rwanda, Loverldge (1 992) found that households 

In the lowest ~ncome/AE quartlle earned 17 percent of lncome from nonfarm actlvltles (self 

employment plus wage labor), whlle the rlchest quartile earned 3 3  percent -- the Sahel 

pattern 

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

nonfarm dlmenslon of farm household's actlvlty, that can be nearly half of its Income -- and 

output per person There 1s thus much more economlc actrvlty In rural areas In Afrlca than just 

crop statlstlcs show -- and thls corroborates Important work on Afrlcan rural mlcroenterprlses 

by Lledholm, Chuta, Mead, et al That Reardon et al (1 993) also found that most nonfarm 

activity IS related upstream or downstream to  agrlculture (in the WASAT) further strengthens 

the case t o  count the full output In both sectors of the rural household toward ~ t s  

"product~v~ty" These flndlngs complement the recent study by IFPRl sponsored by 

AID/AFR/SD/PSGE/FSP (Delgado et al 19941, showlng the Importance of consumption 

llnkages In rural Afrlca 

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

flip slde of the argument touches on the "denominator" of the labor productlvlty measure In 

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

sector, ~t would be lnapproprlate (though usual In aggregate statlstlcs) t o  dlvrde crop output 

by rural persons lnslde a certaln age bracket One would have t o  remove from the 



denomlnator the equivalent In persons of the tlme used off-farm, thus Increasing the crop 

average land product measure We have done thls In our measures In our farm-level studles 

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

but understudled Impacts on farm productlvlty and Investment 

(I) Nonfarm activltles affect the product market as they lnclude processing, transport, and 

marketing actlvltles, and they affect the Input market, as they Include provlslon of Inputs t o  

farms (farm labor, an~mal tractlon Implement repairs, and so on) 

(11) Nonfarm actlvltles can be cruclal sources of cash (along wi th cash cropping and 

livestock husbandry) for farmersr lnvestments In anlmal tractlon, fertlllzer, and seed, directly, 

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

lncome IS poorly distributed, but ~t IS Important t o  Investments, then the poor will not be as 

able as rlcher households t o  adopt productlvlty and resource conservatlon measures, whlch 

will negatively affect lncome and asset dlstrlbutlon over time 

(1111 Yet, particularly In unfavorable agrocllmates, nonfarm actlvlty may compete wl th farm 

lnvestments for both tlme and capltal Agricultural researchers, env~ronmental~sts, and 

pollcymakers who propose lnvestments In the farm or the natural resource base In these zones 

may be surprised t o  find that lnvestments off-farm are more attractwe t o  farmers 

(IV) Nonfarm actlvltles can relleve pressure on the land and thus spare fragile margins 

(v) Nonfarm lncome can be Important t o  household food access and thus affect nutrltlon, 

whlch In turn can affect labor productlvrty (Strauss and Thomas, 1994) 

5 WHAT DETERMINES PRODUCTIVITY IMPROVEMENT' 

5 1 Seed 

5 1 1 Our Key Flndlngs 

Flrst, the case studles point t o  seed as one of the most Important determinants o f  

product lv~ty (MSU studles of returns to  agr~cultural research (Oehmke and Crawford, 1993) 

have also showed the p~vota l  role of effective seed dlstrlbutlon 



Second, plant-breedlng programs have developed ~mproved cult~vars that have Increased 

product~v~ty (hybrid malze In Z~mbabwe) or malnta~ned product~v~ty In the face of worsening 

environmental condltlons (short-cycle peanuts In Senegal) 

Thlrd, for seed to make its full contr~but~on to product~v~ty, seed qual~ty, ava~lab~l~ty, and 

affordabll~ty must be assured by publlc and prlvate sector Instrtutlons, through both research 

and support~ve polrc~es 

Fourth, government seed d~str~but~on and cred~t programs have been cut back and seed 

prlces Increased by pollcy reforms assoc~ated wlth structural adjustment In Senegal, the 

result was l ~ m ~ t e d  access to seeds (reflected In marg~nal value products of seed well above 

seed prlces), a marked drop In use of peanut seed, and a substantlal acreage shlft from 

peanuts to  m~llet (with the consequence of less nltrogen flxatlon by peanuts) 

F~fth, given prevlous constraints on the development of prlvate sector Input supply 

networks and rural f~nanclal markets, seed dlstr~butlon In Afrlca has tended to work better 

when a s~ngle organlzatlon prov~des seeds on cred~t In conjunction w ~ t h  complementary inputs, 

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

In Senegal, and cotton In Burklna Faso) Thls vertically Integrated approach has tended to deal 

more effect~vely w ~ t h  the problems of coordlnat~ng Input delivery, cred~t, and output markets 

than more decentral~zed and un-~ntegrated networks found In much of Afrlca The Integrated 

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

than one marketing outlet 

5 1 2 Speclf~cs from the Senegal and Zlmbabwe case stud~es 

Case studles reveal two examples of successful development and adoptlon of new seed 

varletles -- hybrld maize In Z~mbabwe and short-cycle peanuts rn Senegal The successes 

were of a llmlted durat~on, however, because t~ght  government budgets In the 1980s led to 

a reduction In Input dlstr~butlon and subsldy programs that had facllltated adopt~on Reduction 

In these support programs made ~t d~f f~cul t  for farmers to obtaln deslred quantltles of good 

qual~ty seed and complementary Inputs 

The product~v~ty-enhancing potentlal of seed IS dependent not only on the development 



of appropriate varieties but also on programs that multlply and market the seed In such a 

manner that ~ t s  quallty avallabillty, and affordablllty are ensured The Zlmbabwe and Senegal 

case studies provlde examples of Improved varletles belng developed and adopted when 

support servlces were in place Following cutbacks In Input dlstrlbutlon systems, however, 

farmers sharply reduced their use of the better quallty seeds and aggregate product~on of key 

crops decllned dramatically 

In Z~mbabwe, hybr~d malze seeds were bred In programs that targeted the larger 

commerc~al farmers In the late 1970s, the hybrld seed was made available t o  smallholders 

Rap~d adoption d ~ d  not take place because smallholders d ~ d  not have access t o  fertilizer, loans, 

and rellable market channels In the flrst half of the 1980s the government provided these 

supporting servlces by establlshlng a publlc loan dlsbursernent program and a network of 

marketlng outlets (Rohrbach, Jayne et al ) When the condltlons were In place, the adoption 

of seed proceeded raprdly, In a very short tlme all smallholders were growlng some hybrld 

maize In the late 1980s, however, expend~tures were reduced for the credit (particularly 

fertll~zer) and marketlng programs Payoffs to  R & D (to ralse productivity) require a supportive 

pollcy environment "In tandem" wlth the product~v~ty-~ncreas~ng measure (the hybrld seeds 

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

smallholders) After the mld 1980s tlght 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 lmpedrng the dlstrlbutlon of Inputs t o  rural areas The 

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

hybrid rnalze product~on and marketlng and use of complementary Inputs geared t o  it, and a 

reduction of cropped area and resource allocation to agriculture There IS more d~scussion of 

the Zimbabwe case In section 5 7 

In Senegal, peanuts are the prlnclpal cash crop for most farmers Marntalnlng a hlgh 

quallty supply of seed at affordable prices IS a key Issue for all peanut-producing countries 

because peanut seed has a low reproduction rate Peanut seed costs represent about 2 0  

percent of the gross value added by crop product~on for the average farm household 

Where one hectare of rnlllet requlres only 4 kllos of seed, one hectare of peanuts requlres from 60 
to 100 kilos of seed 



The plllar of Senegal's agrrcultural program In the 1960s and 1970s was a parastatal-run 

Input dlstrlbutlon program wlth liberal cred~t terms that guaranteed peanut seed t o  all farmers - 

- usually 100  kllos of seed t o  all men and 50  to all women The only crlterlon for access was 

that the reclplents paid thew taxes -- an amount substantially below the value of the peanut 

seed 

Dec l~n~ng ramfall and repeated droughts durlng the 1970s spurred researchers t o  develop 

shorter-cycle peanut varletles that matured In 90  rather than 120 days As ralnfall contrnued 

t o  worsen, farmers became rapid adopters of the earher maturlng varletles whlch were 

dlstrlbuted by the Input supply parastatal In the drler zones of the Peanut Basln The shorter- 

cycle varlety IS now the most common varlety planted throughout the Peanut Basln, as few 

areas contlnue t o  get the 120 days of useful rain requlred by older varletles 

In the late 1970s, credlt defaults (due prlmarlly t o  repeated droughts) were h~gh, whlch 

caused flnanclal problems for the parastatal Corruption In the parastatal and the cooperative 

movement exacerbated the sltuatlon By the mld 1980s, the ent~re Input dlstrrbutlon system 

was bankrupt and had t o  be revamped The new program requlred farmers t o  make a hefty 

down-payment to  get peanut seed on credlt, thls posed a severe llquldlty constralnt for most 

farmers As a result, farmers store their own seed rather than purchasing better quallty 

certlfled seed Farmers do not obtain nearly the deslred quantrty of seed, and aggregate 

peanut productlon has suffered accordingly 

Production functlon analysls of crop productlon data for 1989190 provldes supporting 

evldence that there is a real seed constralnt the marglnal value product of peanut seed IS 2 

t o  3 tlmes greater than the seed prrce, suggesting that considerably more seed could be used 

In an econom~cally eff~clent manner The peanut seed constralnt also has ~mp l~ca t~ons  for so11 

fertility and productlvlty of cereal crops as the decrease In area planted t o  peanuts means that 

the peanutkereal rotations, whlch return nltrogen to  the so~l, are not belng malntalned 

There IS also evrdence that the quallty of seed IS declrnlng This appears t o  be true for 

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

show that farmers have been rncreaslng the peanut seeding denslty, desplte problems of 

obta~ning des~red quantities of seed Farmers questioned about the Increased dens~ty clalm 

that declining soil quallty and a growing land constraint as well as seed quallty are push~ng 



them t o  higher seeding rates Recent reports by the Senegalese seed service also document 

problems wi th (1)  maintain~ng the quality of national seed stocks and (2) encouraging farmers 

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

Although the economic logic of farmers' current seeding density strategies is conf~rmed 

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 seed~ng densities ad infinitum is clearly not a sustainable strategy for the 

long-run, but from the farmers' perspective it is the only econom~cally feasible way of 

increasing returns to  land at the present time 

5 2 1 Our Key Findings 

First, similar availabil~ty and affordability Issues apply t o  fertilizer as they did t o  seed But 

fertilizer differs from seed in that fertilizer IS more costly and financially r ~ s k y  than seed, hence 

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

t o  transport than seed, hence constraints on effective distribution are greater 

Second, data on farmer-managed trials in Senegal show ev~dence of physical response and 

prof~tabll i ty (but also riskiness) of fertilizer use Survey data from Burkina Faso show evidence 

of fertilizer impacts on average land product when combined w ~ t h  manure and animal tractton 

Third, observed fertilizer rates varied wldely by zone and crop (from under 1 0  t o  over 1 10 

kgtha, compared wi th  an African average of 8 kg/ha) Greatest use (well above the Afrlcan 

average) was In higher ramfall areas and on cash crops, where distribution, credit, and 

market~nglcredit recovery were handled by a parastatal, or where households had more 

nonfarm Income 

In the case of peanuts, farmers want the crop to fill in between the rows as rapidly as poss~ble 
They belleve thts reduces weedlng problems and helps marntaln so11 moisture Now that ferttllzer IS no 
longer used and seed qual~ty is declining, peanut plants do not fill out as rap~dly, hence the decls~on to 
plant the rows closer together In these same zones, the opposlte strategy 1s used for cereals -- the poorer 
the so11 the less densely the crop 1s planted 



Fourth, the ellrn~natlon of credit and fertllizer subsldles and a s w ~ t c h  from government t o  

pr~vate sector distr~but~on (reduc~ng the area served), often associated wlth structural 

adjustment programs, have had a negat~ve ~mpact  on fertll~zer use In Senegal, fert~llzer use 

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

went from 75,000 tons In 1980/81 (roughly its average In the 1970s) t o  27,100 tons In 

198516, 19,900 In 198617, and 22,400 In 198718, much of the fertlllzer use was on cotton, 

~rrrgated rice, and vegetables -- elther where subsld~es and cred~t remains (cotton) or where 

there is water control (rlce, vegetables) In Zimbabwe, recent ellmlnatlon of fertlllzer credlt 

caused a decline In fert~llzer use on hybrld maize by small farmers and a decllne In hybrld 

maize area 

The role of fertll~zer In Increasing Afrlcan agricultural productlvlty has become a 

surprlslngly controversial toplc It seems self-evldent to  say that fertll~zer increases 

productlv~ty, yet there have been numerous attempts to  remove fertllizer from the list of key 

productlwty-enhancing options worthy of government and donor pollcy support Among the 

reasons for downgrading ~ t s  Importance In the Afrlcan context are its rlsklness under 

conditions of low or errat~c rainfall, ~ t s  relatively low average land product response when 

compared t o  results In Asla and Latln Amerlca, and its hlgh d~strlbutlon costs In an 

envlronment of low effectlve demand, and poor storage facllltles and roads 

Durlng the last decade, research and extension services have glven prrorlty t o  flndrng more 

cost-effect~ve and env~ronmentally frlendly fertlllzer recommendatlons for Afr~can farmlng 

systems Part of the mot~vatlon for this research was low fertll~zer demand -- Bumb (1 988) 

reports an average of 8 kllos used per hectare in Afr~ca versus 57 kllos for developing 

countrres In general The research was also motivated by evldence that hlgh doses of fertrllzer 

w~thou t  reconst~tutlon of organlc matter were havlng a negatlve Impact on so11 quality (Sarr, 

198 1, P~erl, 1989, Matlon/Spencer 1984, Kelly 1988) Thls recent research has produced 

recommendat~ons for smaller (I e , more affordable) quantltles of fertlllzer, larger quantltles of 

organic matter, and use of bunds or tled rldges to  prevent fertllrzer run-off (Matlon and 

Spencer 1984, Ohm and Nagy 1985, Matlon and Adeslna 1992) 



As land constraints Increase under population pressure In the semi-arld troplcs and 

highlands of Afrlca (Plngall and Blnswanger 1984 Blnswanger 1986, 19881, fertlllzer, In 

combination wl th organlc matter, remains one of the few optlons available for rapldly 

Increasing average land products per hectare and arresting sod degradation through 

acldiflcation, thus reduclng the need t o  cultivate fraglle, marglnal lands 

Using fertlllzer In comblnatlon with organlc matter is not, however, a panacea as there are 

also constralnts on the avallabll~ty of organic matter Population pressure has pushed farmers 

onto land that was prev~ously reserved for pasture (center-west of Senegal's Peanut Basln, 

for example), maklng ~t more d~ff lcul t  to  keep animals close to cultrvated areas that need the 

manure Furthermore, there are competing demands for crop res~dues that prevent them from 

belng plowed back Into the soil (the thrivlng market for peanut hay In Senegal IS a prime 

example) 

Unfortunately, there are no real alternatives to  fertllizer and manure for increasrng 

productivity Marglnal value products of labor for most case study countries and crops are 

already low (frequently below wages), lndlcatlng that Increasing labor use would not be 

profitable As discussed In the Senegal seed example, increased seedrng densltles are not a 

sustainable route t o  better productivity Anlmal tractlon makes an Important contrlbutlon, but 

IS at i ts best when comblned wlth complementary Inputs such as fertrllzer and manure 

An analysls of household crop production data for Burklna Faso and a 19-year tlme series 

of meso-level data for Zlmbabwe plus a review of the literature on economlc returns t o  

fertlllzer In Senegal conflrm that fertlllzer can stdl play an Important role In Increasing average 

land products and aggregate output In the hlgher (>700 mm) ramfall zones (see details 

below) Despite the contrlbutlon that fertlllzer can make In these countrles, an analysls of 

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

credlt and subsidles associated with structural adjustment programs has led t o  sharp 

reductions In fertillzer use Case study evldence on both the product~v~ty  of fertillzer and the 

declrning use rates is summarlzed below 

5 2 3 Case study ev~dence on fertilizer response and economic returns (Burkina, Senegal) 

Farm survey data are seldom used to  evaluate fertllizer response because ~t IS so d ~ f f ~ c u l t  

to  obtain statistically srgnrflcant coefficrents when other factors (timing of fertillzer 



applications and other key activities such as seedlng and weedlng, for example) are not 

controlled Analysis of average land products for Burklna Faso d ~ d  not show a statistically 

significant effect of fertilizer on yields A supplementary analysis (using crop supply and input 

demand functions derived from restricted profit functions, that incorporated prices of outputs 

and Inputs, and nonprlce factors such as fertllizer and manure, rainfall, and household 

characteristics) did, however, find that fertilizer has a statistically significant and positlve 

Impact on the gross value of household crop production in the Gulnean zone We segregated 

the sample into anlmal traction and manual households to capture the supply response effect 

of technology, and then looked at price and nonprice 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 Guinean zone, and 84 for cotton for manual farmers The 

other elasticit~es 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-Sahelian) 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 in Senegal (Kelly 1988) reveals that average value/cost ratios 

calculated using a 20-year data set from farmer-managed trials in the southern Peanut Basln 

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

use Trials 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 during 40 percent of the 

time and above 4 during 45 percent of the time These results show that fertilizer use 1s 

profitable on average in the southern Peanut Basin but highly risky, suggesting that greater 

use is unlikely to occur wlthout some type of risk sharing or Insurance program Kelly (1 988) 

also analyzed 15 years of data for the central Peanut Basin showing much greater nsk, lower 

response, and lower profits than found for the southern Peanut Basin Value cost ratios were 

Reported v/c ratios are based on unsubs~dlzed 1987 prices Using nomnal prlces preva~l~ng dur~ng 
the 20 years covered by the data, the ratlo is 5 for peanuts and 11 for sorghum 



below 2 durlng 7 0  percent of the tlme for peanuts and 2 0  percent for m~l le t  The average 

value cost ratlo for the entlre per~od was 1 4 for peanuts and 3 5 for m~l le t  Gwen the poor 

response and profltablllty In thls zone, ~ntenslf lcat~on uslng fertll~zer makes llttle sense and 

alternative means of lmprovlng so11 fertrl~ty must be sought ' 

5 2 4 Case study evldence on fertlllzer use (Burklna, Senegal, Zlmbabwel 

The Senegal and Zlmbabwe case studles provlde strlklng examples of how the ellmlnatlon 

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

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

comprehensive Input support systems offered by crop marketing lnstltutlons fostered fert~llzer 

use 

In Senegal, because of the f~scal  unsusta~nab~llty of the programs, the government 

experimented wl th  different fertlllzer d~st r~but~on,  prlce, and cred~t  pollc~es dur~ng the early 

1980s In an effort t o  el~mlnate dlrect budgetary support of Input dlstrlbutlon and subsldy 

programs for the most common crops (011 peanuts, m~llet, and sorghum) Credlt programs 

were vrrtually elrm~nated, subsldles were removed, and government ~nvolvement In dlstr~btlon 

stopped, leavlng a very reluctant private sector In charge Whlle annual fert~llzer consumptlon 

In Senegal was In the range of 50  t o  70  thousand metrlc tons durlng the 1970s, ~t fell t o  less 

than 3 0  thousand tons durlng the latter half of the 1980s Prlor to  1980, 80 percent of 

fertrllzer was consumed In the Peanut Basln By the end of the elghtles, only 25 percent was 

used In the Peanut Basln wl th most of the rest golng to rrr~gated rice and hort~culture Case 

study survey results show that In 1989190 not a angle farmer In the sample used fertlllzer on 

011 peanuts and fewer than 5 percent of households applled fertll~zer t o  mlllet or sorghum 

flelds The few farmers uslng fertlllzer on cereals purchased ~t for cash In The Gambla where 

~t was sold at about half of the prevalllng Senegalese prlce It IS not posslble t o  trace the 

effect of decllnlng fertlllzer use on aggregate productlv~ty, but there IS ample survey evldence 

that farmers belleve thew so11 fert~l l ty has fallen substantially since they stopped uslng fertlllzer 

(Gaye 1992, Kelly 1988) 

Work by Seyler (1993) in the central and northern Peanut Bas~n suggests that a program to help 
farmers Increase the number of Acaaa aibida trees could gradually Improve so11 quality without any use 
of fertiluer 



As discussed in the previous sect~on, Zimbabwe smallholders rapidly adopted hybrid maize 

when fertilizer credit was ava~lable and output market prices were guaranteed When fert~lizer 

credit was eliminated in 1985 both fertilizer use and hybrid maize production declined The 

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

was 44,000 metr~c tons in 1992 compared with 148,000 tons In 1986 

Cotton production in Burkina Faso and confectionery peanut production in Senegal have 

been spared from the cutbacks in agr~cultural support programs that have affected producers 

of other crops The ~nstitutions running both of these programs provide a w ~ d e  range of 

inputs to  farmers on credit (seed, fertil~zer, pesticides, herbic~des), both institutions have a 

virtual monopoly on purchasing the output because there is no competing local demand, and 

both, therefore, are relatively successful in recovering 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 oil peanuts in 

Senegal -- the institution provid~ng credit cannot count on recovering the loans at marketing 

time 

Nevertheless, Burkina Faso's fertilizer subs~dy removal (gradually effected from 1983 to 

1987) was accompanied by a reduction in fertilizer use on cotton (SOFITEX) After the period 

of that decline, fertil~zer use rose from 1988 to 1992 apparently because of nonprice factors 

and increased awareness of its need in cotton production During the whole period SOFITEX 

essentially subsid~zed input credit to cotton farmers, however, by offering credit below market 

rates 

5 3 An~mal traction 

5 3 1 Our Key F~ndings 

First, the main effect of animal traction shown In Afrlca to date has been to reduce field 

labor Inputs and facilitate area expansion (espec~ally on l~ght  soils), rather than to Increase 

average land products 

Second, our case study in Burkina Faso showed strong farm-level impacts of animal 

traction on land and labor productivity on cotton in the Gu~nean zone, and on supply 

responsiveness, eff~ciency of resource allocation, and on manure use 



Thlrd, investment In anlmal tractlon IS more llkely for households that have access t o  more 

land, earn more nonfarm Income, and grow cash crops 

5 3 2 Background and prlor research results 

Elcher and Baker (1 982) revrew evldence from anlmal tractlon programs and studles In the 

1960s and 1970s Plngall et a1 (1 989) review more recent evldence In general, they flnd that 

anlmal tractlon has histor~cally been associated w ~ t h  (I) potentlal Increase In average land 

product through Improved seed bed preparatlon, deeper plowlng, more tlmely planting and 

weedlng, molsture conservatlon (and we would add manure transport and ~ncorporatron), (b) 

potentral Increase In area cultivated, (c) Income generatlon through off-farm transportation, 

(dl reductton In drudgery (potentially freelng up labor), and (el longer-term Improvement In so11 

fertlllty through appllcatlon of manure from anlmals, deeper plowlng plowlng under crop 

resldues (and w e  would add tled-rldglng for water retention and so11 conservatlon, see Sanders 

e t  al 1990) Tractlon IS malnly used for plowlng, as well as seeding and weedlng I ts use and 

spread IS related to  cash cropping, especially peanuts and cotton 

Yet Etcher and Baker note that "surpr~slngly, although anlmal tractlon has been promoted 

for more than 50 years In Afrlca, research results on the Impact of anlmal tractton at the farm 

level are largely rmpresslonlst~c" (p 1421, and research on tractlon Impacts has been 

conducted malnly on experiment statlons 

Hlstor~cal evldence on farm-level average land products and acreage response has Indeed 

been m ~ x e d  Sargent e t  al (1  981) revlewed 27 tractlon projects and found that most had not 

llved up t o  expectations because of the h ~ g h  cost of anlmals and equipment, low acreage and 

average land product effects, and lack of rellable lnstltutlonal support Whltney (1 981) found 

that tractlon farmers Increased acreage by 39  percent but experienced no change In average 

land products Barrett et a1 (1 982), showed that, In eastern Burklna, 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 anlmal tractlon are problematic 

for subsistence farmers produc~ng only mlllet and sorghum, but become more favorable In 

cash cropplng areas Barrett et al (1 982) found Important cash f low problems for tractlon 

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

were below net returns before adoptlon for the flrst four years due t o  a slow learnlng curve 



Elcher and Baker found In a revlew of research In the 1970s that "the presence or absence 

of a cash crop is a central determinant of farm-level profitabrlity of animal tractron" (uslng 

evldence from northern Nlgerla, peanuts in Senegal, cotton In southern Mall, and cotton In 

northern Cameroon) 

Research has also shown that support servlces (credlt and veterinary services) are cruclal 

Equipment adapted t o  key actlvltles (weeding, tled rldglng) IS not usually available, and there 

IS a persistent issue of affordablllty 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, rldger and sometimes carts Thls package can be very 

expenslve relatlve t o  rural household Incomes An oxen tractron package was $1 000 rn 1977, 

a donkey tractlon package $500 (clted by EicherIBaker, page 145, from Zerbo and Le Molgne 

1977 and Barrett et al 1982) Compare thls t o  $1 500/household Income In the Gulnean zone 

of Burklna In 1981 -1 985, of which $1 140 is cash Income (Reardon and Mercado-Peters, 

1993) 

Animal tractlon programs have been around for 50 years, and thew history IS charactenzed 

by hlgh expectations but mixed results, and by discont~nuous support Elcher and Baker note 

that 

although these figures are impressive, slmrlar 'waves' of anlmal tractlon have appeared 
In other Afrlcan countries over the last 50 years only t o  disappear or recede durlng perlods 
of drought, changes In government pollcles, and the failure t o  provlde veterlnary support 
servlces In 1981, the major concentratlon of anlmal tractlon was In Senegal, Mali, 
Botswana, and to  a lesser extent In Tanzania, Uganda, and northern Nlgeria (p 141 

5 3 3 An~mal tract~on results from our Burk~na Faso case study 

Animal tractlon i n c r e a s e s w  and labor productivity In the farm households In our Burklna 

study In the Gulnean zone, tractlon households have 4 4  percent hlgher land average land 

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

malze Tractlon households have 76 percent hlgher labor average land products than manual 

households In cotton, and 91  percent hlgher in malze Manure use per hectare is 41  7 percent 

h~gher In tractlon households than In manual households 

By contrast, labor use by anlmal tractlon households IS very close t o  total labor use on all 

crops by manual households In cotton and malze, labor use per ha IS only 6-7% lower for 



t ract~on households Thus the average land product effect was much greater than the labor- 

saving effect In our case study But for subsistence grams, tractlon malnly Increases labor 

product~vlty 

Moreover, we found that tractlon households had greater supply responslveness w ~ t h  

respect both t o  price changes and t o  manure and fertllrzer application, espec~ally for cotton, 

the maln cash crop In Burklna We also found that households using tractlon anlmals had 

greater allocatlve efficiency of labor and land, probably because animal traction allows greater 

timeliness of cult ivat~on operations and gives farmers the abi l~ty t o  clear land for millet 

5 4 Organlc Inputs and conservatlon Investments 

5 4 2 Our Key Flndlngs 

Flrst, practices that add organlc matter t o  soil and conserve water or prevent erosion and 

help water retention (e g , bunds, tled ridges, terraces) increase productivity, e g , by 

increasing the Impact of fertilizer and lncreaslng soil moisture Conservatlon Investments are 

complementary w l th  the use of ~mproved Inputs and organlc matter 

Use of organlc matter and soil conservatlon lnvestments greatly Increased land productlv~ty 

in Rwanda -- conservatlon investments on low degradation farms increased the land marglnal 

value product by 27%, for moderately and very degraded farms, the Increase was 28-34% 

and 42%, respectively 

Second, Investment In so11 conservation Investments IS more likely for farms that are 

smaller (hence have less ablllty to fallow, a substitute for these ~nvestments), earn more 

nonfarm Income, and grow cash crops 

5 4 2 Results Concerning Organ~c Inputs and Conservatlon lnvestments from Burklna and 

Rwanda Case Studles 

In Burklna, w e  found that most manure IS used on cotton and maize (cash crops) Much 

more manure IS used in the favorable Gurnean zone than In the unfavorable northern zones, 

desplte slm~lar levels of livestock holdings between the t w o  Animal tractlon households use 

much more manure than manual households In the Gulnean zone, tractlon households use 



four times more for cotton (1776 kgslha vs 402 kgs /ha), and two  times more for malze 

(8588 kgslha vs 4350 kgslha) Animal tractron helps farmers t o  carry and incorporate 

manure, and manure use is related to  animal holding Relatively little manure is used on 

sorghum and millet rn either zone Our analysis shows that manure has a strong effect on 

maize and cotton output In the Guinean zone, and manure on the cotton average land product 

In Rwanda, we found that conservation investments (e g grass strips, terraces, anti- 

erosion ditches) are crucial t o  stem the negative effects of degradation on productivity, 

through soil retention and organic matter (mulch, manure, compost) retention We found, 

for example, that when farmers make conservation investments on low-degradation farms, 

the land marginal value product increases by 27 percent, for moderately degraded farms the 

figures are from 28 t o  3 4  percent, for very degraded farms the figure is 4 2  percent These 

empirical results give impetus to  the government policy goal of encouraging conservation 

investments coupled with greater use of organic inputs and fertilizer t o  intensify land use 

under severe land constraints, and to  raise and t o  sustain productivity -- key long-term food 

securrty goals of the Rwandan Ministry of Agrrculture as announced rn CNA (1 990) 

In both Rwanda and Burkina Faso, organic matter is mainly used on cash crops (such as 

bananas, coffee, and soybeans in Rwanda or cotton and maize in Burkina) Often this is 

because (a) these crops respond well agronomically to  organlc amendments, (b) fertilizer is 

used on cash crops and it complements organic inputs (in fact their combined use is 

recommended by agronomists), and (c) cash cropping helps farmers buy cattle that generate 

manure Unfortunately, while cash crop input credit programs often support acquisition of 

fertilizer, in Burkina and Rwanda these programs do not support soil conservation investments, 

and we  do not know of any African country where they do 

Moreover, we  found tradeoffs between fallowing and organic input use, and between 

fallowing and conservation investments In Rwanda, smaller farms have a smaller share of 

their land under fallow, and although they grow fewer perennials, crop more densely, making 

up for the potentially negative effect on soil quality of the greater share their land under 

Water retention mvestments such as bunds or tled rldges have been found m other studles, (e g , 
Matlon and Adesma 1992) to be crucral to productivity m sen-and reglons Bunds, for example, have 
an mportant tops011 protection effect in the Sahel wlth short- and long-term productlvity-enhancmg 
effects Thls goes along with the findlngs of f a m g  systems R&D projects In the Sahel (e g Ohm and 
Nagy 1985) 



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 thew land under coffee) Also, 

the steeper the slope (hence newer land under cultivation) the less organlc matter used -- but 

in general less-eros~ve plants are grown on the slopes (perennials) 

Moreover, rented land (compared to  owned land) receives less organic inputs (and 

conservation investments) as these are percerved as these long-term productrv~ty 

improvements are not perceived by farmers as worth maklng on rented land that could be 

reappropriated by the owners By contrast, farmers use fertilizer on rented land because ~t IS 

perce~ved as havlng only a short-term effect and thus reapproprlatlon rlsk IS less Important 

Flnally, t w o  other factors contribute t o  conservation Investments and Improved Input use 

( 1 )  nonfarm Income (important as a source of cash since credlt IS rarely available for 

conservatron investments), and (2) the profitability of agriculture In general, degradatron 

undermines productivity, and land conservation measures and organlc matter rncorporatron, 

themselves complementary, help t o  protect the land and facilitate ~ntens~ficat ion of production 

glven severe land constraints Smaller farmers have a special incentive t o  make these 

Investments, given their Inability t o  rely on fallowing and extensif~cat~on Into fragile margins 

But incentive and abrlrty do not always corncide investment requires credit which in general 

is not available for "susta~nab~lity investments " Farmers therefore need t o  rely on their own 

sources of cash -- mainly cash cropprng and nonfarm activrty 

5 5 Land and Labor 

5 5 1 Our Key F~ndings 

In general, slze and quality of land matter for product~v~ty land constraints are increas~ngly 

common due t o  population pressure 

In Rwanda, land rental (as compared to  ownershrp) drscourages use of organic matter and 

soil conservation investments, small farms had much hrgher land productivity than d ~ d  larger 

farms 

But on smaller farms, marginal value products of labor were very low relative t o  wage 

rates Thls implies lower opportunity cost of labor on smallholder farms than that reflected 



In the agricultural wage probably because of constralnts to access to that labor market as well 

as to nonagr~cultural employment opportunltles 

By contrast, marglnal value products of land were much hlgher for the smaller farms than 

land rental rates, lndlcatlng constralnts on access to land 

5 5 2 Background on the land debate 

The land debate rn the countries wrth unequal smallholder sectors or dual agricultures has 

three maln Issues The flrst 1s whether largeholders are as product~ve as smallholders Thls 

depends on the deflnltlon of the factor for whlch productlvlty 1s measured Gwen that 

countrles wlth unequal land dlstrlbutlon also have problems of land constralnts, the Issue IS 

malnly one of land (rather than labor) productlvlty Thls has been a long-debated toplc In Latln 

Amerlca and Asla, especially South Asla, wlth much of the productlvlty research In the 1960s- 

1970s In those continents focused on thls Issue, as well as the concomitant lssue of 

mechanlzatlon In general, the As~an literature shows that land productlvlty 1s hlgher on 

smaller farms except where labor-savlng machinery has made largeholders more land- 

product~ve 

The second Issue 1s closely related to the lssue of the relatlve efflc~ency of different farm 

sizes, and 1s the debate as to whether smallholders have "excess labor" on thew holdings, 

drlvlng the marglnal product of labor very low Thls 1s a hypothesis put forward In 1954 by 

Slr Arthur Lewis and heavlly debated In the 1950s and 1960s At Issue In the present context 

IS (a) whether small farmers have opportunltles to use famlly labor In the nonagrrcultural 

sector, thus allowlng them to earn cash to Invest on the farm, and (b) whether small farmers 

are constrained In thew access to capltal (such as fertlllzer) or land that would push up thelr 

marglnal value product of capltal or land relatlve to them prlces Recently In the case of Kenya, 

a dual agrlculture In the wheat sector, for example, Carter and Wlebe showed that the 

marglnal value product of smallholder (but not largeholder) labor In the wheat sector was well 

below the market wage, whlle the marglnal value product of caprtal on small farms 1s well 

above the capltal price (lndlcatlng a capltal constraint for smallholders) We show below 

srmllar results for Rwanda desplte its not belng a truly dual agrlculture 

The thrrd lssue 1s security of land tenure The debate 1s whether more secure tenure of 

landholding IS necessary to Induce farmers to make short and long-term product~vlty and 



conservatlon Investments The Afr~can evldence is m ~ x e d  and amb~guous, our Rwanda results 

and the Rwanda results of Place and Hazell (1993) show tenure t o  be Important to  

Investment, but the latter's Ghana results are amb~guous, Hardy (1 989) shows that secure 

tenure IS not necessary for Investment In Senegal See Dommen (1 994) for a revlew of the 

evldence and debate 

Part of the amblgulty in the debate IS pinning down what is meant by "land tenure 

security" and part IS properly differentlatlng types of Investment For Instance, In Rwanda w e  

found that farmers do not Invest In organic matter and conservatlon Investments (long-term 

investments) on rented land, but they do use fertlllzer on ~t 

The d~strlbutlon of land In the troplcal h~ghlands of East Afrlca IS becomlng a burn~ng Issue 

as land constraints Increase and smallholders are forced t o  farm on tiny plots In Zlmbabwe 

the land debate is at least as charged as In Rwanda but for dlfferent reasons There IS a dual 

structure where 1 mllllon smallholders restricted to  half the arable land, wi th 4500  

largeholders on the other half By contrast, the land slze debate IS not as Important In the 

Sahel where most countries have a relatively equal land dlstrlbutlon (Burklna's rural land Gin1 

coefflclent IS only around 3) and only a smallholder sector 

5 5 3 Land and labor results from Rwandag 

Our Rwanda results coinc~de wlth the "AsIan pattern" of greater land productlvlty on the 

part of smallholders We found that smallholders (the lowest terc~le of landholders) use much 

more labor per hectare than do "largeholders" (the hlghest terclle of landholders) (1 310 

person-daysfha versus 191 ) Smallholders use much more organlc Inputs per ha, 4 8 2  versus 

61 In Rwandan francs Smallholders average farm size IS 2 4  ha whlle "largeholders" have 

3 08 ha (st111 small by Afrlcan standards), the former rent 9 percent of thelr land, the latter 

only 4 percent 

Although we dist~nguish small and large holders tn Z~mbabwe, our data for largeholders per year) 
do not allow easy comparison with smallholders because the largeholder aggregate encompassed 
pr~rnar~ly-livestock and primar~ly-cropping farms that have very different cropplng average land products, 
and the smallholder aggregate encompassed farms from widely dlfferent agroclimat~c zones 



Moreover, larger farmers tend t o  have the luxury of be~ng able t o  fallow a larger share of 

thew land, and for longer periods Smaller farmers need t o  Invest more per hectare In organic 

Inputs and conservatlon measures to  protect their meager land The more off-farm lncome the 

smaller farmers have (at least In fert~le areas such as Rwanda), and controll~ng for p ro f~ tab~ l~ ty  

of agriculture, the more they Invest In organlc Input and conservat~on Investments 

The upshot IS that smallholders have much hlgher average land product~v~ty (in Rwandan 

francs, 102,000 per ha versus 24,000 per ha ) Smallholders' marg~nal value product of land 

IS also much h~gher than largeholders -- 52,000 (RWF per ha) versus 33,600 By contrast, the 

smallholders' marg~nal value product of labor IS much lower than largeholders 18 5 versus 

36 4 These patterns are m~rrored In the differences between the value of average land and 

labor products as well 

We also found that the marg~nal value product~v~ty of land among smallholders IS 1 25 

t~mes  the land rental price, wh~ le  for largeholders ~t IS only one-quarter the land rental price - 
- ~ n d ~ c a t ~ n g  a relat~ve (and strong) land constra~nt for the smallest By contrast, the marg~nal 

value product of labor IS only 3 of the wage for the smallholders and equal t o  the wage for 

the largeholders -- ~nd~cat lng constra~nts In access to  the labor market (agricultural or 

nonagr~cultural) on the part of small farmers 

The exception -- hence where largeholders have hlgher land productiv~ty -- IS where they 

part~c~pate In cash crop schemes where they are given preferred access t o  extension, inputs, 

and markets (for example In Eastern Rwanda w ~ t h  coffee, or rlce growers In northern Ivory 

Coast (see Ades~na 1994)), or commerc~al malze largeholders In Z~mbabwe (see sect~on 4) 

5 6 Nonfarm lncome 

5 6 1 Our Key Flndlngs 

F~rst, nonfarm lncome can Increase purchased Input use or capltal Investments where 

credlt IS unavailable or costly t o  use, or where other sources of cash lncome for loan 

repayment are lack~ng We found that there IS generally a posltlve relat~onsh~p between 

nonfarm lncome and Improved input use (fertlllzer and an~mal tract~on In Burk~na Faso and 

Senegal, peanut seed In Senegal, conservat~on practices and fert~l~zer In Rwanda) 



Second, nonfarm lncome can play a role In facllltatlng conservatlon Investments, for whlch 

credlt appears t o  be rarely avallable 

Thlrd, nonfarm actlvltles smooth household lncome and help to  reduce rlsk by dlverslfylng 

the sources of household lncome 

Fourth however wlthln a given agroecolog~cal zone, the poor have less accessto nonfarm 

lncome opportunltles -- nonfarm lncome tends to  make up a smaller share o f  total lncome for 

poor than for rlch households, poor households are less able than rlch households to  

partlapate In h~gh-return nonfarm act~vltles T h ~ s  IS worrisome because unequal access t o  

nonfarm lncome translates Into unequal access t o  farm inputs in  the face of llmlted credlt 

access 

5 6 2 Background on nonfarm lncome and i ts  effect on product~vlty 

Sectlon 4 summarlzed evldence concerning the Importance of nonfarm lncome in the rural 

economy of Burklna, Senegal, and Rwanda We also showed that nonfarm lncome IS poorly 

dlstrlbuted whlch means that posltlve Influences of nonfarm lncome on productlvlty In turn 

will be poorly dlstrlbuted Here we focus on the Influence of nonfarm lncome on Improved 

input use and conservatlon Investments 

In general, nonfarm lncome earning by rural households IS Important to  lncreaslng farm 

Input use and hence cropping productlvlty and the ablllty t o  lntens~fy production whlle 

replacing so11 nutrients Reardon and Kelly 1989) show that nonfarm Income 1s Important to 

the purchase of fertllrzer where lnstltutlonal credlt 1s not avallable (In the non-cotton areas 

such as the Sudanlan zone) Kelly (1 988) found slmllar results for the Peanut Basln of 

Senegal Hoffman and Heldhues (1  993) show for Benln that nonfarm lncome IS treated as a 

substitute for land collateral In Informal credlt markets (because of the problem of covarlabll~ty 

of harvests hence rlsklness of using land as collateral In areas of rlsky agriculture) 

Why IS nonfarm lncome Important for these farm ~nvestments? In most of the Rwanda and 

Sahel case study areas formal rural credlt is lacklng except In cotton schemes and, t o  a more 

limlted extent than formerly, In peanut schemes Informal credlt markets are also very 

underdeveloped Access t o  nonfarm lncome therefore tends t o  be cruclal t o  farm Input 

purchase Moreover, capltal equipment for so11 conservatlon and water retention measures IS 

often costly, and it IS usually lmposslble to  get credlt t o  construct bunds and terraces, or buy 



tled ndgers, wells, and carts Reardon and Vostl (1993) argue that the nature of thls 

conservatlon capltal makes Informal credit even harder to  get than for trad~tlonal investments 

llke anlmal tractlon equlpment and fertlllzer Farmers and cred~tors may not perceive a clear 

lmmedlate payoff t o  these lnvestments, hence the rlsk of default may appear greater 

lnvestments In capltal goods require but also create loan collateral (e g anlmal tractlon 

equlpment) Thls IS usually not the case wlth conservatlon lnvestments (e g creditors cannot 

reclalm bunds) 

Our case studles here also polnt t o  the Importance of nonfarm lncome for Input use and 

lnvestments on farm The Burklna Faso case study flnds that nonfarm earnlngs are reinvested 

Into expensive anlmal tractlon packages In southern Burklna Faso where agroclimat~c 

conditions are good We also flnd that nonfarm lncome IS Important t o  peanut seed purchase 

In Senegal through provldlng cash at the end of the dry season t o  pay the downpayment for 

peanut seed credlt In Rwanda, we flnd that farmers that have more nonfarm lncome are able 

t o  make conservatlon lnvestments and buy fertlllzer 

Yet nonfarm actlvltles, especially In the unfavorable zones, can compete wlth land 

Improvements The competition can be for labor In the rainy season, for weeding, for plowlng, 

for malntenance of bunds and alley cropplng systems But In the Sahel most of the nonfarm 

lncome 1s earned In the dry season -- tradltlonally named the "slack season" by mlstake 

because nearly half of household Income IS earned In the dry season In nonfarm actlvlty Yet 

thls IS also the perlod during whlch env~ronmental~sts envlslon Sahelian farmers bulldlng and 

mainta~nlng bunds, terraces and so on Whether there IS labor competltlon depends on 

whether there are off-farm, opportunltles (e g mlgratlon) that take labor away from the zone, 

and whether the dry season conservatlon lnvestments are perceived t o  be profitable and 

reduce overall lncome rrsk Thls competltlon IS more keenly felt In the less favorable zones 

For example, In northern Burklna Faso where agriculture IS rlsky and drought-prone, 

Chrlstensen (1989) flnds that households wlth more nonfarm lncome Invest less In farm 

capltal Norman (1 973) found that nonfarm actlvlt~es In northern Nlgerla compete for labor In 

off-season cropplng 



5 7 Marketsldownstreamlupstreamloff-farm links to  on-farm productivity 

5 7 1 Our Key Findings 

Well-functioning input and output markets help farmers acquire and use productivity- 

Increasing Inputs by reduclng transactions costs and risks (e g , from imperfect information, 

or price volatility due t o  a thin market) 

Vertical integration and coordination functions (Input supply, credit, output marketlng) 

were assured effectively by parastatals for cotton (Senegal, Burkina Faso), maize (Senegal), 

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, including higher consumer prices due 

to  gram movement controls that force the bulk of marketed grain output into the State 

marketlng channels and onward into private large-scale milling (that tends to  make grain more 

expensive t o  consumers than do alternative channels) 

5 7 2 Background 

First, early studles (e g , von Thunen writing in 1830-40s) showed that markets and the 

proximity of cities influence productivity In agriculture Recent work by de Janvry et at (1  992) 

shows that the level of transaction costs affects the marketed surplus rate How well food 

markets work also affects adoption of cash crops l o  

Second, the performance of markets affects the level and variability of demand, hence 

prlce varia bil~ty, hence riskiness of Investments in productivity-raising inputs Our results on 

fert~lizer use In Burk~na and of conservation investments in  Rwanda shows that farmers are 

sensitive t o  net profitability and puce risk in making these decisions 

A limited or poorly functioning market "bottles up" supply in  a local area, and climatic 

fluctuations, translated Into output fluctuations, create price instability -- risk A market might 

be limited because of hlgh transaction costs because of structural constraints such as bad 

lo For example, Goetz (1992) found In Senegal that hlgh gram prlces hurt cotton productlon, and 
Jayne (1993) found in Zlmbabwe that hlgh gram prlces hurt sunflower productlon 



roads, or lnefflclent marketing systems, or llmlted demand for the product by local consumers 

or tradlng partners '' Three thlngs can reduce prlce fluctuation based on market l~rnltat~ons 

(1 ) lnvestments "downstream" In grain processlng to Improve the demand prospects for the 

crop (thus reduclng In the longer term rlsklness of cropping), (2) Investments In road and other 

market ~nfrastructure, (3) openlng up reglonal and forelgn markets through economlc 

Integration 

Thlrd, farm productlvlty affects market and nonfarm/rndustr~al development potentlal Our 

Senegal study shows that drops In peanut output reduce capaclty utll~zat~on hence efflc~ency 

and profltablllty of peanut processing plants Reardon et al 1993 on Sahel Income 

d~vers~f~cat~on shows that most off-farm actlvlty IS earned In product~on-l~nkage actlvltles 

upstream (supplying Inputs to farms) or downstream (uslng farm outputs as inputs) In local 

areas How well crops do affects local off-farm employment and general lndustr~allzatlon 

These flndlngs are also In accord wlth early economlc thlnklng, e g by R~cardo (early 

1800sl who contended that farm productlvlty affects the food prlce whlch In turn, worklng 

through the real wage bill, affects nonagr~cultural proflts and employment Moreover, they are 

In accord wlth "growth Ilnkages" literature (e g Mellor and Lele 1972) whlch contends that 

Increases In agricultural productlvlty spur local economlc growth through drrect (productlon) 

and lndlrect (consumption) llnkages 

Fourth, the efflc~ency of the market system affects how well the beneflts of greater farm 

productlvlty are dlstrlbuted to consumers (and farmers) Thls 1s an extension of an earller 

polnt, gettlng productivity up means drlvlng real food prlces down for those that can get 

access to  the cheaper food Who gets access depends on the efflclency and structure of the 

market system, not to mention whether consumers have sufflclent employment and Income 

The above polnts about farm productlvlty and market efflclency suggest that a useful 

focus for future productlv~ty work IS on the efflclency of the whole food system, from the 

Input dlstrlbutlon system, to the farmer, through the market cham, to the consumer (Antle 

1983) If tmprovements are made In the efflc~ency of farm-level productlon, but they are not 

l1 For example, Reardon (1993) shows that demand for coarse gram in the Sahel is inelastic, so that 
even when a bumper harvest occurs, and prices dip, consumers do not shift m a substantial way from 
Imported cereals such as rice and wheat toward rmllet/sorghum, which would bid the prices of the latter 
back up In this situation of poorly functiomng markets or l~mted demand, mcreases in production either 
through good rams or Increased productivity can translate mto price risk and big drops in crop 
profitability The latter two can discourage further crop productivity mvestment 



passed on t o  the consumer because of lneffrclencles or structural rlgldrtles "downstream", the 

beneflts are lost If "upstream" Input dlstrlbutlon IS lnefflclent, thls forces Input prlces up and 

farm productlvlty down 

5 7 3 Focus on Zlmbabwe case study results 

Slnce Independence, Zlmbabwe has recelved widespread lnternatlonal acclalm for the rapld 

growth In smallholder malze productlon However, there has been a largely unnoticed 

structural decline in productron since 1985, assocrated wlth a contractlon of publlc sector 

support programs that had contributed t o  the dramatlc rise In smallholder productlon durlng 

the early 1980s but lnvolved large treasury deflclts The adverse effects of thls productlon 

decllne on urban food security appear to  have been t o  some extent mltlgated by recent mace 

market~ng reforms that have reduced dlstributlon and mllllng costs of staple marze meal 

available t o  consumers 

The rlse and fall of agricultural productlon In Z~mbabwe's smallholder sector over the 

1980s has mlrrored an upsurge and then contractlon of key publlc Investments and 

expenditures t o  agriculture Z~mbabwe's dlfflculties In "scaling-up," I e , managlng the 

transltlon from a well-organ~zed publlc research and market Infrastructure system that f ~ t  the 

needs of a few thousand commercial farmers under Southern Rhodes~a, to  a system that 

meets the needs of over a mllllon smallholder households, has clear ~ m p l ~ c a t ~ o n s  for South 

Afrlca and other countries In the region 

The lmpresslve growth of Z~mbabwe's smallholder malze productlon from 1980 to  1985 

was due t o  SIX major factors (1) the endlng of the war after Independence, (2) an Increase 

In the use of hybrld malze seeds from about 4 0  percent In 1979 t o  9 8  percent in 1985 

(Kupfuma 1994) (3) an Increase In State crop buylng statlons servlng smallholder areas, from 

5 In 1980  t o  148 In 1985, thus reduclng the costs and rlsks assoclated wl th surplus maize 

productlon, (4) guaranteed State-set producer prlces that were generally well above export 

parlty prlces (but below Import panty), (5) a elght-fold Increase In crop credlt disbursed to  

smallholders between 1979 and 1986, whlch led to greater fertlllzer use and malze average 

land products, and (6) an assoclated response by prlvate input suppliers t o  the Increased 

demand for farm rnputs due to  the aforement~oned (Rohrbach 1989) 



The stagnation of Zimbabwe's smallholder revolution slnce the mid-1 980s IS due to three 

major factors The most conspicuous IS drought, whlch has affected the country three tlmes 

slnce 1985 Yet there are also underlying structural causes of the malze decllne Flrst, the 

lmproved hybrld seed varletles that stimulated smallholder productlvlty durlng 1980-85 are 

now almost universally adopted A new set of technological Improvements or management 

practices IS necessary to stimulate addltlonal gains In productlvlty The national agronomic 

and crop breedlng research Institute (DR&SS) receives only 75 percent of the budget ~t had 

In 1980181 In real terms The number of on-farm trlals and sltes by DR&SS has shrunk from 

63 In I987188 to 31 In 1990191 (Shumba 1990) The publ~c agrlcultural research system IS 

havlng serlous stafflng and budget problems (Eicher 1994) The slowed productlvlty of the 

publ~c agrlcultural research system IS also lndlcated by the continued use of hybrld seeds that 

were developed 15-20 years ago 

Second, several Important features of the 1980-85 productlon boom (expansion of State 

marketlng infrastructure and credlt allocat~on, producer prlces above export panty) lnvolved 

large and sustained treasury outlays The maintenance of hlgh maize prlces to sustaln surplus 

productlon also put pressure on government to cushlon the Impact on consumers by 

subsldizlng the prlce of malze meal manufactured by large urban millers Under mounting 

pressure to  cut budget deflclts, these publ~c Investments In support of agrlcultural product~on 

were progressively cut after 1985 Gram marketlng board (GMB) buylng stations In 

smallholder areas have been reduced Even though 20 addltlonal grain buylng depots have 

been established slnce 1985, the number of rural collection polnts has decllned from 135 In 

1985 to  4 2  In 1989 to 9 In 1991 l 2  GMB real producer prlces have also decllned steadlly, 

belng only 75 percent In 1991 of thew 1985 level State cred~t allocatron to  smallholders has 

also decllned steadlly slnce 1986 The amount of fertlllzer that can be purchased wlth 

government credlt disbursed to smallholders IS 44,000 metrlc tons In 1992 compared wlth 

148,000 tons In 1986 Declining Input use, along wlth relatlvely poor rainfall, may explaln 

why smallholder malze average land products, even In the relatlvely productive Mashonaland 

provinces, have exceeded thelr 1985 level only once 

'While part of this decline is due to reduced expected throughput because of frequent drought and 
lower real producer prlces, ~t 1s evident that the collect~on point program was financ~ally inviable (Herald, 
1991) 
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However, there are important distinctions between the t w o  sectors that led t o  the flnanclal 

unsustainab~l~ty of slmply "scal~ng-up" a marketing apparatus for a small number of large 

farmers t o  meet the needs of almost a mllllon geographically-dispersed smallholder famllles 

(Blackie 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 marketlng costs were therefore low By contrast, the 

expanslon of state buylng statlons Into the smallholder areas forced the GMB t o  buy relatively 

small, variable quantities of gram from a large number of geographrcally-drspersed farmers 

Per unit marketlng costs rose dramatically in  thls settlng, although the government normally 

chose not t o  raise the GMBfs tradlng margin sufflclent t o  cover these costs Thls has been 

a major Impetus for the GMBfs call for further contraction unless the government agrees t o  

underwrite ~ t s  losses (Herald 1 99  1 ) 

The experience wl th expanding crop credlt t o  indlvldual smallholders farmlng In 

envlronments prone t o  frequent drought has resulted In hlgh default rates (Herald 1993) 

Credlt allocation, and the associated demand for farm inputs have faded to  expand since the 

mid-1980s 

A rlsing share of state expenditure on agriculture has been used t o  pay subsldles, In 

particular t o  cover the operating deflcits of marketlng boards In the latter half of the decade, 

over 4 0  percent of total agrlculture expenditures from the State was absorbed by marketlng 

board subsldles For example, In 1986, State allocat~ons for the entire agriculture budget was 

8 2 percent of the total national budget By 1990, thls had decreased t o  5 5 percent With 

the exception of 1989, when marketlng board losses were exceptionally low, the share of 

budget allocations t o  cover marketing board losses has been over 40 percent of total public 

expenditures on agrlculture durlng the latter half of the 1980s In real terms government 

spendlng on agricultural research, extension, veterinary services, etc had decllned by 25 

percent from 1980 t o  1990 



6 IMPLICATIONS 

Sectlon 6 1 discusses strategic and program ~mpl~cations, and sectlon 6 2, pollcy 

~mplications 

6 1 Strategic and Program Implications 

(1 1 Sustainable ~ntensification of farm production through use of improved inputs that raise 

and sustaln increases in land productlvlty is a major food securlty Issue In Afrrca, grven 

growing land constraints and so11 degradation To get needed breakthroughs In farm 

product~vlty, farm Input use -- such as fertilizer, organlc Inputs, anlmal tractlon, and 

conservation investments -- needs to rise substantially 

Although the results are based on four case studies In rarnfed areas of the seml-and and 

highland tropics, and on review of selected recent farm productivity studies in other countries 

of Africa, some specific program suggest~ons emerge 

Animal traction programs are worth promot~ng in areas of high agronomic potential 

where the terraln IS sultable (not too sloped) an~mal traction programs have had success 

in some areas, especially when llnked to cash cropping ~nrtiatives, but have suffered from 

inadequate research support and program contlnulty In some countries, such as Senegal, 

there is generalized use of tractlon In peanut and cotton areas, but the equipment stock 

is aging and renewal programs are needed In other countries, such as Burk~na Faso, use 

is not w~despread partly because of demand-slde constraints such as lack of working 

capltal, which only some farmers have been able to overcome through nonfarm activ~ty 

and cash cropping 

We favor promotrng chemical fert~lizar use especially In higher potentla1 zones, In 

comblnatlon with water or soil retention (conservation) measures and organic matter 

application (the latter helped by anlmal tractlon programs) Measures to llnk access to 

Improved Inputs wlth adopt~on of so11 conservation practices should be considered In the 

long run, mixed farming (assoc~atlon of animal husbandry and cropping) will be cruc~al to 



supplying organlc matter Promotion of fodder markets and research on fodder would 

support this 

Crop research 1s cruclal to  the overall competltiveness of agriculture, and to the 

profltabillty of productlvlty-increas~ng Inputs such as fertilizer and anlmal traction 

Extension programs are needed to support conservation investments (water retention, 

so11 retention structures) that will facllltate sustained Increases In productivity, espectally 

In htgh-potentla1 areas where rapld intens~f~catton of agriculture IS env~saged In many 

cases thls will require modest complementary Infrastructure such as culverts or wells to 

allow waterlng of llve windbreaks, or trucks to  haul laterlte for construction of bunds 

Nonfarm mlcroenterprlse promotlon programs, popular rn USAlD and other donor 

mlsslons now, are Important for farm productlv~ty both to  supply cash to farmers to  buy 

farm Inputs, and to  supply Inputs (such as anlmal traction equ~pment and repairs) to farms 

M~croenterprlses are also Important to Increase the production-llnkage and consumptlon- 

llnkage multlpllers from Increases In farm output Priority types of mlcroenterprlse 

promotlon would in general be those lnvolved In farm Input provlslon, food processing and 

market~ng, and sp~noffs from cash cropplng 

lnvestments in transport and market Infrastructure are needed t o  reduce costs w~ th ln  

the agricultural system lnvestments in transport and market ~nfrastructure, by reducing 

costs withln the food system, can also make ~t profitable for farmers t o  adopt new 

technologies or new crops that are consistent wlth consumer preferences and willingness 

to  pay To thls end, a commodity sector perspectlve is needed to  help ldentlfy Important 

opportunltles to  raise productlvlty at levels of the food system above the farm (e g , in 

processing or market~ng activities, or through pollcy change) Knowledge of consumer or 

export demand IS also needed to  guide development of new farm production technology 



(2) Strategies to ralse farm productivity will need to differ, however, between favorable 

and unfavorable agroclimatic zones 

Wlth proper condit~ons, much Increased productlvlty can be expected In the favorable 

(to cropping) zones 

Expectations for cropplng intenslficatlon are more modest for the agrocl~matically 

unfavorable (to cropplng) and fraglle zones, and attention will need to be paid to 

alternative income sources off-farm In the latter zones This will promote food securrty In 

the agrocl~matically unfavorable zones and increase effectlve demand for agricultural 

products from favorable zones 

(3) The environment and the farm productlvity agendas should be llnked Environmental 

degradation and pressure on marginal lands cannot be halted wlthout raisrng farm-level 

productlvity through sustainable intenslficatlon -- yet interventions to Improve farm-level 

productivity must be accompanied by conservatlon investments 

One cannot go far In conserving the so11 without Increasing land productlvlty through 

~ntenslflcatlon, e g , by applying fertilizer and manure lntensif~cation reduces the land 

area needed to  achieve a given output level -- intensification on land already under 

cultivat~on can reduce pressure to expand cultivatron onto fragile marginal lands and thus 

lead to more sustainable resource use Soil conservatlon measures also become more 

attractwe when the production enterprises they support are more profitable 

One cannot Increase farm productivity wlthout battling soil degradation wlth soil 

conservat~on measures (grass strips, anti-erosion dltches, bunds, hedgerows, terraces), 

supported by conservation extenslon and education 

African farmers can be "caught between a rock and a hard place " Structural 

adjustment, by making inputs such as fertlllzer more expensive due to agricultural 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 



expanding production Into marglnal area or by exploltlng resources of the commons Such 

contradlctlons often pass unperceived because the reforms are promoted by separate 

constltuencles and monitored by different government agencies 

(4) The off-farm employment and the farm product~v~ty agendas should be llnked In many 

areas off-farm lncome IS a crltrcal means to  pay for farm Inputs and Investments Moreover, 

much of the growth of nonfarm actlvlty IS llnked to growth of farm output Growth In off-farm 

employment opportunltles In rural areas IS essential to ach~evlng food security and economlc 

transformat~on In Afrlca 

Nonfarm lncome [nonfarm Income) can Increase purchased Input use or capltal 

Investments (thereby lncreaslng product~v~ty) where credlt IS unavailable or costly to  use, 

or where other sources of cash lncome for loan repayment are lacklng 

nonfarm lncome can be espec~ally Important In facllltatlng conservation Investments, for 

whlch credlt IS rarely ava~lable 

Nonfarm actlvrtles smooth household lncome and help to reduce rlsk by dlverslfy~ng the 

sources of household lncome 

Agrlcultural growth In turn st~mulates growth of the nonfarm sector, by lncreaslng the 

demand for Inputs such as anlmal traction equipment and repalr services, and by 

lncreaslng the supply of crop and livestock products used as Inputs for processing flrms 

(millers, leather workers, etc ) Agrlcultural growth can also stlrnulate other rural nonfarm 

f~ rms  since an Important share of Increments to  farm lncome tends to  be spent on locally 

produced consumer goods 

M~cro-enterprise promotion programs that prov~de rural employment whlle reduclng the 

cost of farm Inputs and lncreaslng the off-farm multlpl~ers from farm output growth are 

des~rable 



The importance of income divers~fication to rural African households means that new 

cropplng technology proposed for farmer adoption must not only be financially and 

econom~cally profitable, but also attractwe relative to alternative uses of household 

resources (e g , livestock and nonfarm production) 

Policymakers should be worr~ed about equ~table access to these Income sources, 

however, since that will affect how equitably the beneflts of productivlty improvements 

are d~strlbuted over time We have noted that in many areas of Africa there 1s very 

unequal access to nonfarm income-earning activities, often because families are unable to 

make the necessary initial investments for lack of cash reserves or access to credit to 

finance them The same equity issue can arise concerning access to  high-return cash 

cropping schemes 

(5 )  Cash cropping programs spur productiv~ty through providing cash to buy improved 

inputs, and depending how they are organized, Increase access from the supply side to 

improved inputs and to low-risk output marketing opportunities 

In sum, there are Important synergies between programs that raise Afr~can farm 

productiv~ty, and programs that promote nonfarm enterprises, market development, and 

natural resource conservation Harnessing these synergies will allow national governments 

and donors to get more for their money in terms of growth, food security, and environmental 

protection 

Promot~on of Improved input use will need to be innovative In order to be cons~stent w ~ t h  

w~despread f~scal 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 sustainable Yet the reduction of government programs and subsidles 

associated w ~ t h  structural adjustment appears to have discouraged the use of modern inputs 

(improved seed, fertilizer, animal traction), by raising cost and reducing availability 



I, The upshot IS that farm Input costs must be reduced w~ thou t  returning t o  flscally 

unsusta~nable subs~dles We advocate a "middle path ' between flscally unsustalnable 

government outlays and complete government w~thdrawal from support t o  agr~culture 

Thls m~ddle path ~mpl les substantlal publlc and prlvate Investment In agricultural research, 

human capltal, and production and market infrastructure 

Pol~cy reform alone (exchange and Interest rate policy, market I~beral~zation, 

pr~vat~zat~on),  whlle Important, IS not sufflc~ent to  spur hlgher agr~cultural productlvlty, 

resource, technology, and market constralnts on agrlcultural growth must be tackled 

d~rect ly  by allocating government and donor resources t o  overcoming them There are 

three potentlal dllemmas associated wlth the use of pollcy reform 

@ e  (a1 As wl th the "food price policy d~lemma" of Tlmmer (1 990), Increased prlces 

(especially ~f they result from currency devaluat~on) can cut t w o  ways by rarslng the 

prlce of output, especially export crops, but also by ralslng the prlce of key Imported 

Inputs such as fertlllzer and animal traction equipment Devaluation could also 

encourage the export of anlmals needed locally t o  generate manure The result may 

be that net profltablllty of key cash crops and productlvlty Investments does not 

necessarily rise wl th devaluat~on 

@ @  [b) Ralslng average profitablllty wlthout reduclng prlce lnstabllity or income rlsk 

means that there IS stdl a major lmpedlment t o  the attractiveness of p roduct~v~ty  

Investments Rlsk and ~nstability are a funct~on of cl~matlc varlatlon (espec~ally In 

ralnfed zones), hlgh transaction costs, and other structural constralnts that requrre 

~nfrastructural Investment (e g , lrrigatlon, Improved roads) to  overcome 

@ @  (c) Farm Investment can be profitable In an absolute sense but not In a relatlve 

sense ~f nonfarm Investment opportunltles appear to be "better bets" t o  rural 

households, or ~f nonfarm actlvltles are necessary In order t o  generate cash income 

Households will not want t o  adopt productlvlty- and conservat~on-enhancing measures 

~f the payback IS not hlgher or faster than alternatives off the farm Because capital 

and labor may be tled up In nonfarm actlvltles, elther In the rainy season or the dry 

season, agrlcultural researchers and envrronmentallsts should not expect farm 



households to adopt natural resource management practices and conservatlon 

Investments automat~cally The profltabrllty of such Investments must be evaluated 

relatlve to the returns available from other farm and nonfarm actlvltles 

Public investment should be such that it complements and spurs prrvate investment on- 

farm, rn the input drstribut~on system, and In primary product processing It 1s essential 

that governments and donors Invest In understanding how to promote the economlc use 

of the tools of sustainable intensification -- fertlllzer, anlmal traction, organlc Inputs, and 

so11 conservatlon Investments 

Thus the debate should be reopened on ~dent~fylng cost-effectlve ways of Increasing 

access to inputs, by lmprovlng the dellvery of Inputs and glvlng farmers the means to pay 

for them Thls effort 1s especially approprlate In countries whose macroeconomlc 

envlronment has become more favorable through structural adjustment Thls should be a 

prlority pollcy Issue In Afrlca In the 1990s and beyond 

Improved food system performance will requlre productivity galns both at the farm level 

and at other levels of the system, such as processing and marketing Whlch level of the 

food system is the hlghest prlorlty for research and pollcy lnterventlons will depend on 

circumstances In the commod~ty 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 wlthln the subsector, and what thls lmplles for the 

potential to expand farm-level production 

Land constraints are growing In many places In Africa as a result of population pressure 

and the slow development of successful lntenslfrcatlon technologies In some cases more 

secure land tenure 1s necessary for lntenslf~catlon Investments to take place In addition, 

large farmers somet~mes use land less efficiently than smaller farmers Land pollcy will 

need to take that Into account 
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