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EXECUTIVE SUMMARY

Kimseymga Savadogo, Thomas Reardon, Kyosn Pietola

INTRODUCTION

The physIcal, polIcy, and econODllc context m
the West AfrIcan seDll-and trOpICS (the WASAT)
has changed radIcally from the 19608-19708
(when the bulk of farm management studIes
were done) to the 19808-19908 there has been
rapId populatIon growth, soIl and natural
resource degradatIon, declImng ramfall, growmg
land constramts, structural adjustment programs,
mcreased market mvolvement by farmers,
dIversIficatIon of farm household mcomes Into
nonfarm actIVItIes, and mIXed success of
technology development

Moreover, there has been recent concern for
stagnatIon of coarse gram and cash crop
agnculture m the WASAT based on perceptIons
of low or declmmg agncultural productiVIty

The above changes and concerns pomt to the
need to update our understandmg of farm
prodUctIVIty m AfrIca. To thIS end, and to
support Development Fund for AfrIca obJectIves,
AID!AFRISDIPSGEIFSP has funded the present
study m BurkIna Faso, conducted by researchers
from Umverslty of Ouagadougou and MichIgan
State Umverslty under Its MichIgan State
Umverslty's Food Secunty n CooperatIve
Agreement WIth AID The overall study of farm
productIVIty also mcludes case studies m
Rwanda, Senegal, and Zunbabwe

Our objectiVes were to

• "dig below· aggregate trends to uncover
farm-level patterns m and deterDllnants of

•• agrIcultural productIVity,

•• crop supply response,

•• farm mput demand,

• eXaDllne how these deterDllnants may vary by
crop, agroecologIcal zone, farm type,
technology, and mstrtutlonallpohcy settmg

• eXaDllne unplIcatIons for strategy, polIcy, and
programs to promote and sustam mcreases m
agricultural productIVIty

DATA AND METHODS

The study used detaIled farm household data
from an ICRISAT survey covermg both farm
and nonfarm actIVItIes of 150 households over
four years (1981-1985) Havmg several years of
survey data allows us to explore the effects of
changes m pnces and ramfall on prOdUCtIVIty,
supply, and input use, such vanatlon IS

unportant m the seDll-and tropICS, and data sets
rarely cover more than one year and thus allow
exploration of these effects

The sample was dIstributed over three zones, the
northwest, mIddle, and southwest, correspondIng
to the SahelIan, Sudaman, and Gumean
agrocbmanc zones



The approach was as follows

• We analyzed determmants of crop supply
response and mput demand usmg a profit
funetton approach, usmg the same breakdown by
crops, farm types, and zones

The study focuses on farm-level prodUetlvrty
Outside of our scope IS the ISsue of how changes
m farm-level produettvlty (and changes m pohcy
to effect them) affect the rest of the economy

• We exammed patterns m average land and
labor products (over crops, ammal tractIon
versus manual farm types, zones, and years)
Total factor productIVity mdlces were calculated

• Matze has brtght productIOn prospects but IS
sull a mmor part of food output, and Its average
land productIVIty IS growmg moderately, around
2 percent yearly

• Output of cotton, the mam cash crop, grew
rapully m the 19808, as did Its average land
product, output growth has tapered off m the
19908 Area under cotton grew from 66,601 ha
m 1973 to 74,948 ha m 1980 to 185,750 m 1991
to 176,900 ha m 1992, and average land
productiVity grew 3 8 percent yearly over 1961­
1991

• Output of IDJllet and sorghum (the mam food
crops) grew slowly, behmd population growth,
and average land product grew only around 1
percent yearly

percent of exports (they pay for the gram
Imports)

• Growth m average land product (output per
hectare) and average labor product (output per
agncultural worker) was slow m Burkma Faso
for most crops In general, average land
product grew more qUickly than average labor
product, mdleattng mcreasmg populationdensity
per square kllometer

• Pressure on arable land IS already high m the
unfavorable agrochmate zones (Sahehan and
Sudaman zones) where two-thrrds of the rural
population hves, and moderate for now m the
favorable agrochmate zone m the south (Gumean
zone) But a World Bank study (Lallement 1990)
shows that populatton IS mtgratmg qUickly and
pressure on land mountmg m the south

• Hence a major ISsue m Burkmabe agnculture
IS the need to move from "extensive" to
"mtenslve" systems that mvolve much-mcreased
land productIVity

BURKINABE
AGGREGATE

• We explored determmants of crop
produettVlty differences by computmg margmal
factor produettvltles over crops, farm types, and
zones These figures were denved from
produetton funetton coefficients

The factors exammed were pnmanly phySical
produetton mputs - vanable mputs such as
ferttltzer and manure, and capital mputs such as
ammal traetton equlpmen4 as well as
condltlonmgvanables such as agrochmatlc zone,
household charactenstlcs (e g , nonfarm mcome
earned), supportmg mstltutlons and semces
(mput supply mfrastrueture)

CHARACI'ERISTICS OF
AGRICULTURE AND
TRENDS

• Burlana agriculture IS smallholder and
ramfed, WIth a low average marketed surplus
rate (around 10 percent), and ImpOrtant sales of
cotton and hvestock About half of rural
mcomes are now earned m nonfarm actIVltles
mamly connected upstream or downstream to
agnculture, and m mIgration

"

• Gram unports are about a quarter of cereal
consumption

• Cotton and ltvestock constitute about 60

• Through sustamable mtenslfication as the
"carrymg capacity" of arable land IS bemg
undermtned quIckly by soIl degradation and
erosion of sou, soIl conservation and water
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retentIon mvestments are needed (see e g
MatIon and Adesma 1992, and Sanders et al
1994)

MAJOR FINDINGS

DISAGGREGATED PRODUCTIVITY
PATfERNS

• Among the coarse grams, JDaIZe has the
hIghest average land prodUctIVIty, followed by
sorghum then millet The same pattern holds for
labor prodUctIVity

• The Gumean zone has from moderately to
much Ingher (1 5-3 tImes) average land products
than the other zones for all crops - yet mgood
years IDIllet ytelds, and to a lesser extent
sorghum YIelds, can be sumlar across zones

• Sorghum, maIZe, and cotton land and labor
productIVIty are correlated WIth agrochmate
(mcrease as go south), but the relatIOnshIp IS
weaker for IIll11et, especIally m labor
prodUctIVity, as It IS relatively easy m the north
to add land and thus protect labor Yield (hence
output per consumer)

• Annnal tractIon (AT) confers an advantage m
land prodUctIVIty m the case of matze and cotton
m the Gumean zone, and a labor productlVlty
advantage m cotton m the Gumean zone Cotton
average land products on ammal tractIon farms
were 1 5 ttmes those on manual farms

• In general AT helps prodUctIVIty m the case
of crops that are relatively labor mtensive

• Land and labor yIelds fluctuate the most over
years in the north, where ramfall fluctuates
most For example, average land products
changed SIXfold between the good year of 1983
and the drought year of 1984 In general, matze
land and labor prodUctIVIty fluctuates more than
that for the other crops because of Its SensItlVIty
to sod mOIsture ThIS result pomts to the

1II

notonous rISkInesS of agriculture m many areas,
and to the sensltlVlty to begmmng and endmg
points of longltudmal productIVIty analySIS m
WASAT

• Labor Yields tend to fluctuate more than land
yields m the Sudaman and Gumean zones, partly
because there appear to be land constramts
(quality and quantity of land SUitable to each
type of crop), whIle thIS IS not the case m the
Sahellan zone where farmers can use more land
(albeit of low qualIty) to augment labor

• In the tractIon group, for both zones, the
margmaI value products of labor exceed the
observed wage rates, suggestmg a relative labor
shortage

• The margmal value products of labor for
tractIon households exceed those for manual
households, suggestIng that antmal tractIon
makes labor more productIve

• In the tractIon group of the Gumean zone, the
margmal value products of labor are almost
equalIZed across crops, suggestmg econOmIC
rationality m labor allocation ThIS IS not the
case for manual farmers

• In both zones, the average labor product IS
above the margmal labor product, agam
suggestmg a labor constraInt

DETERMINANTS OF PRODUCTIVITY.
GENERAL FINDINGS

• Our results reemphasIZed the Importance of
trad.rtIonally Identlfied factors that determme
productIVity m farm management StudIes m the
WASAT

• fertIlIZer

• manure

• ammal tractIon

as well as land and labor But actual
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produetlVIty effects vaned substantially by
location and farm household type Other country
case studIes also showed unportance of access to
unproved seed (MSU studIes of returns to
agncultural research (Oehmke and Crawford,
1993) have also showed the PIVOtal. role of
effeetlve seed dIstnbution )

• Our study identified constramts on avatlablhty
of fembzer, equipment, operattng capItal, and
good qualIty land The study also showed
unequal access to these mputs, and hence an
unequal dlStnbutIon of benefits from unproved
mput use, partly because of unequal access to
cash mcome (especially from nonfarm actIvIties)
and to credit

• Our study highlighted several determmants of
produetlvlty that have not traditIonally been
emphasIZed m Africa, that we beheve are lInked
to the changes m the econOmIC and phySical
context over the last few decades (dIScussed
above),

• nonfarm mcome generatIon often plays a
key role m facIlltatmg acquISItIon and use of
prodUctIVlty-enhancmg mputs

• market Infrastructure, unportant to
acquISItiOn of mputs that dnve productiVity
change

Other country case studies, whose results we
feel are Important for the Burkma case, but
which our data did not allow us to confirm for
Burkma Faso, hIghlIghted the role of natural
resource conservation m unprovmg farm-level
productIVity Conversely, unprovmg farm
produetlVlty helps conserve resources

IMPACTS OF INPUT USE ON
PRODUCTIVITY - AND PATTERNS AND
DETERMINANTS OF INPUT USE

FertJ.hzer

• We found fertIlIZer to have a positIve unpaet
on land productivity, but nOISe m the data

IV

appears to be the cause of Its StatIstIcal
lDSIgmficance

• FertIlIZer use m Sub-Saharan AfrIca IS low
compared to world standards (9 kgslha m 1985
versus 58 5 mall LDCs)

• FertIlIZer use m Burma (I) VIrtually no
fertIlIzer was used m the Sahehan zone, (n) an
average of 11 kgslha m the Sudaman zone, and
(111) 39 kgslha m the Gumean zone

AvaIlabIlity and affordabIlIty are key ISSUes m
the use of fertIlIZer, m partIcular m the non­
cotton areas Unfortunately, thIS IS also where
land IS degraded and needs fertIlIZation

• Use vanes alot over crops In the Gumean
zone, use on cotton was 109 kgslha, followed by
46 kgslha on matze, and less than 5 kgslha on
mIllet/sorghum.

• FertIlIZer use IS posItively related to nonfarm
mcome and accessibilIty as mdlcated by the
proxImIty to a road m the Sudaman zone - but
not m the Gumean zone where the presence of
SOFITEX (the cotton parastatal) makes fertIlIZer
available to farmers regardless of village
location and household cash sources

• The elunmatIon of credIt and fertilIZer
subSidies and a SWitch from government to
pnvate sector distrIbution (reducmg the area
served), often asSOCIated With structural
adjustment programs, have had a negatIve
unpaet on fertIlIZer use, at least durmg the
penod of gradual removal of the subsidy, 1983­
1987 Use has picked up agam thereafter due
apparently to mtenslficatlon strategies on wanmg
land of suffiCient quality

Hence, greatest fertIlIZer use (well above the
AfrIcan average) was m higher ramfall areas and
on cash crops, where dIstrIbutIon, credIt, and
marketIng/credit recovery were handled by a
parastatal, or where households had more
nonfarm mcome

- ,-----



Manure

• SoIls m BurkIna Faso are known for theIr low
OrganIC matter content Soll amendment WIth
manure and compost IS needed to slow soll
aCIdIficatIon

• We found

•• Manure mcreases land produettvlty of
cotton and maIZe

•• Use of manure mcreases the output of
maJZe, for both AT and manual farmers, m
the Gumean zone

•• Cotton benefits from residual effects due
to the rotmon WIth maIZe

• Manure use Overall only 150 kgslha are used
m the Sahehan zone, then 411 m the SudanIan,
and 995 m the Gumean zone

In the Gumean zone, maIZe gets most manure
(7384 kgslha) then cotton (1314) then sorghum
(427) then mJllet (155)

Animal tractIOn

• In AfrIca, the mam effect of AT shown to
date has been to reduce field labor mputs and aId
area expansion (especially on lIght solls), rather
than to mcrease YIelds

• We found AT have the followmg effects
(relatIve to use of manual technology)

•• AT strongly unproved land and labor
produettVlty on cotton, and on labor
produettvlty m mJllet, m the Gumean zone

•• AT farms had greater supply
responsiveness to pnce and nonpnce
incentIves

•• AT farms were more effiCient m
resource alloeatlon

v

•• AT farms used much more manure

•• AT farms grew much more cotton

•• AT farms were much bigger

•• AT farms used only slIghtly less labor
per hectare (overall)

• AT use The pornon of households m the
study zones that used AT m the study perIod
was 9 percent m the Sahehan, 14 percent m the
Sudaman, and 19 percent m the Gumean zone

• Nonfarm mcome and farm SIZe were
Important determmants of adoptIon of AT
Nonfarm mcome (controllmg for farm SIZe) was
partIcularly unportant m the Gumean zone, as
credit was not generally avaJIable for It so the
household's own lIquIdity sources - mamly
nonfarm mcome - was cruCial to that
mvestment

Land and labor

• An mcrease m total farm land SIZe has
positive effects for all crops, With the bigger
effect accrumg to mJllet which IS the mam
beneficiary of land expansIOn

• Wage mcrease decreases overall labor demand
- as off-farm opportunIties mcrease, we expect
that thIS will bid up farm wages, but With a land
constramt, there will be a need for agrarian
capital formatIon, mamly m form of AT
mvestment

Nonfarm income

• Nonfarm mcome can mcrease purchased mput
use or capital mvestments (thereby mcreasmg
productIVity) where credit IS unavallable or
costly to use, or where other sources of cash
mcome for loan repayment are lackIng

• Nonfarm actIvIties smooth household mcome
and help to reduce rIsk by dlVerslfymg the
sources of household mcome
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• WIthm a given agroecologlcal zone, the poor
have less access to nonfarm mcome oppOrtunIties
- nonfarm mcome tends to make up a smaller
share of total mcome for poor than for nch
households, poor households are less able than
nch households to partiCipate m high-return
nonfarm actIvIties

• There IS generally a positive relationship
between nonfarm mcome and lDlproved mput
use (fertilIzer m the Sudantan zone (where
SOFITEX IS not present to make It avatlable to
households regardless of therr Own-lIqUidity
sources, and anlDlal tractIon m the Gumean
zone)

• The combmatIon of the above two pomts IS

womsome because unequal access to nonfarm
mcome translates mto unequal access to farm
mputs m the face of lImited credit access

DETERMINANTS OF OUTPUT SUPPLY
AND CROP MIX

Pnces

• The panel data allowed the ISOlation of the
effects ofpnces on supply response The effects
of pnces are reInforced by those of non-pnce
factors

• We found m general that

•• Aggregate output responds poslovely to
mcreases m the prIce of commerCialIZed
crops (cotton and matze) among AT
households m the zone with the most
favorable agrocllDlate, the Gumean zone ­
thus avemng the fear that pnce mcreases
only lead to crop DllX shifts

•• In response to pohcles mcreasmg prIce
to the farmer, cotton m the Gumean zone
responded strongly to own pnce over the
penod of analysIS A 10 percent mcrease m
pnce led to the mcrease of supply by 256 kg
for AT and 158 kg for manual farmers, from
the mean

VI

•• MIllet and sorghum respond pOSItively to
own prIce changes, m the Gumean zone,
With the response of nnllet larger, reflectIng
a land and/or an outlet constraInt to
expandmg sorghum prodUetlon

• For the AT group, m the Gumean zone, we
found

•• There IS a complementarity, not a
substitution m prIce between cotton and
matze, reflectmg cultural praetlces which
rotate cotton and matze

•• Cotton IS a substItute m pnce for the
tradloonal cereals, nnllet and sorghum

•• For the manual group, m the Gumean
zone, all cereal crops are m competloon With
cotton, reflectIng a lower fleXibIlity than AT
households to reallocate resources to raise
outputs SImultaneously

•• The effects of pnces are more IlDllted m
the less favorable Sudano-Sahehan zone,
where only sorghum responds pOSItIvely to
own prIce, for the traetlon group

FertilIzer

• An mcrease m the amount of fertilIzer used
by the households IS associated With an mcrease
m the output of cotton, m the Gumean zone, for
both AT and manual farms

• FertIlizer has a posItive effect on the output of
matze for the tractIon households

AnImal tractIon

• Greater supply responsiveness to pnce

Markets

• Well-funetlOnmg mput and output markets
faCIlItate the acquISItiOn and use of prodUctIVlty­
mcreasmg mputs by makmg mputs and market
outlets avatlable, and by reducmg transactIOns



..---------------------
costs and rISks (e g, from unperfect
mformatlon, or pnce volat1llty due to a thm
market) VertIcal mtegranon and coordmanon
funCtlons (mput supply. credIt, output
marketmg) were assured effectIVely by a
parastatal for cotton (ThIs result comcldes WIth
Lele et at 1989

RELATION OF OUTPUT SUPPLY AND
PRODUCI1VITY

• Incentive pohcles that mcrease cotton and
maIZe produCtlon mcrease the output of crops
that have higher land prodUCtlvlty - and thus are
appropnate where land constramts are growmg
such as m the Gumean zone

MODELINGITHEOREflCAL

• Modelmg produCtlvlty and supply response m
the context of an endogenous seleCt1Vlty
approach was shown to be appropnate m
captunng the differences between traetlon and
non-traCtlon households and proVldmg better
parameter estimates than the use of an
exogenous partItion based on the usual dummy
vanables approach

• It IS lnlportant for farm produetlVlty analyses
to mcorporate drrectly or mdrrectly mtersectoral
effects (effects of nonfarm mcome) on
mvestment and m turn on produetlVlty

STRATEGIC, POLICY, AND
PROGRAM IMPLICATIONS

1 Sustamable mtensification of farm
production through use of improved inputs
that raise and sustaIn increases in land
productiVIty IS a major food secunty issue 10

BurkIna Faso, given grOWIng land constramts
and soli degradation To get needed
breakthroughs m farm prodUctIVIty, farm mput
use - such as fertIlizer, orgamc mputs, ammal
traCtlon, and conservatlon mvestments - needs
to rISe substantially

VII

In general we show that key elements of
raISing land productiVIty (and labor
prodUctJVlty) are fertlhzer, manure, and
ammal traction These are especially useful m
mcreasmg Yields m matze and cotton, which are
the key crops that can usher m the new era of
mtensdieatIon of croppmg and mcrease of
yields The problem IS that fertlhzer. ammal
tractIon, and manure use are well below
desIrable levels and pohcles and programs need,
even m thIS era of tIght budgets, to encourage
and enable farmers to use more of these mputs

2 Strategies to raise farm producttvity will
need to dIffer, however, between favorable
and unfavorable agrochmatic zones With
proper condmons, much mcreased prodUCtlVlty
can be expected m the favorable zones (mamly
the Gumean zone) ExpectatIons for croppmg
mtenslficatlOn are more modest for the
agrochmatlcally unfavorable and fraglle zones
(the Sahehan and Sudaman), and attention w111
need to be paId to alternative mcome sources
off-farm m the latter zones thIS w111 promote
food secunty m the agrochmatlcally unfavorable
zones and mcrease effective demand for
agncultural products from favorable zones

3 Off-farm employment and the farm
productiVIty agendas are hoked. In many
areas off-farm income is a critical means to
pay for farm inputs and Investments
Moreover, much of the growth of nonfarm
aCtlVlty IS lInked to growth of farm output
Growth m off-farm employment OppOrtunIties m
rural areas IS essentJ.a1 to achlevmg food SecUflty
and econonnc transformatlon m Burkma Faso

The lIqUIdity constraInt suggested by the
slgmficance of nonfarm mcome m farmers'
decISion must be addressed either through an
appropnatecredit polley, and/or through poliCies
auned at developmg mcome generatmg actIvItIes
m rural areas The World Bank has already
engaged m such aettVltles m Its food SecurIty
component of the agncultural sector adjustment
program m BurkIna



But we worry about the long-term distrIbutIOnal
effects of the lffiportance of nonfarm mcome on
prodUctiVity, particularly as we found that
nonfarm mcome IS not eqUitably dlstnbuted over
households Programs that mcrease access to
these sources of mcome are thus expected to m
mrn mcrease access to farm modem mputs by
the poor

There are two lmphcatIons of the lffiportance of
nonfarm mcome m the prodUctiVity equatIOn

• Mlcro-enterpnse promotion programs that
provide rural employment whl1e reducmg the
cost of farm mputs and mcreasmg the off­
farm multIphers from farm output growth
are desrrable

• New croppmg technology proposed for
farmer adoption must not only be finanCially
and econoIDlca1ly profitable, but also
attractive relative to alternative uses of
household resources (e g, livestock and
nonfarm prodUction)

4 Cash croppIng programs spur productiVIty
through prOVIdIng cash to buy Improved
Inputs, and depending on how they are
organIzed, Increase access from the supply
Side to Improved Inputs and to low-nsk output
marketIng opportunIties.

When the techmca1 conditions allow, the mam
cash crop (cotton) and the most prodUctive food
crop (maIZe) are complements not competitors
(m cross-pnce terms), which runs counter to
pesslmlSm about cash croppmg erodmg food
crop agriculture With appropnate technologies
(anlmal traetlon) and mcentIves (guaranteed
markets for the cash crop and strong support for
maIZe) farmers m the Southwest of Burkma have
expanded therr cultIvation of both cotton and
maIZe This comcldes With sumlar farm-level
findmgs of complementarity m MalI (DIone
1989)

5 Sahel fanners respond to market
mechamsms, but only on the conditIon that

Vlll

there IS a propItious set of technolOgies,
mstItutlons, and phySical conditIons The
Institutional settmg and pohcles appear to have
promoted agrIcultural growth durmg the first
half of the 1980s m Burkma, the government
had placed greater emphasIS on promoting the
rural sector through mcentlve cotton prIces (as
well as rural orgamzatIon and water retentIon
technology development, not explored here)
These pohcles appear to have contnbuted to
agriculture performance above the norm durmg
a time when other Afncan countnes m the seIDl­
arid zone had negative agricultural growth

For polICies such as the devaluatIOn of the Franc
CFA to have a posItive lffipact on cash crop and
aggregate supply response, pohcymakers should
not Ignore but rather reInforce sectoral programs
such as anlmal traetlon development and
fertl1lZer dlstnbutlon

6 Arumal traction programs are very
Important for Burkma Faso - m the 19608 and
early 1970s, mexpenslve packages were offered
to farmers m a promotion program but adoptIon
rates was low Smce the cotton boom of the
1980s there appears to be much higher demand
by farmers, but there are demand-Side
constramts (cash and credit constramts) to
obtammg eqUipment Programs that make the
equipment avaIlable Widely and cheaply WJ11
help Rather than vlewmg AT as Just a way to
clear more land, we have underscored Its role m
ralsmg land yields especially for cash crops m
the southern zones As farm wages are bid up by
mcreasmg off-farm OPPOrtunIties, and as land
constramts mcrease, we expect agrarian capItal
formatIOn to play an mcreasmgly lffipOrtant role
m mtenslficatIOn that IS both labor and land
savmg

7 FertilIzer was found to be Important.
Reduction of the fertilIzer subsidy over the
19808 comClded With a decrease ID Its use. But
fiscal constramts prolublt return to the days
of massive fertilizer subSidies. We need to seek
a mIddle path, where programs and POhCles
address the need to get fertIlIZer cheaper to



farmers A key way to do thIS IS to press hard
on transport costs and the quantIty/qualIty of
rural mfrastrueture For example, the PremIer
Mmtstere (1993) study of potenttal unpacts of
devaluation shows that we can greatly lower
fertihzer costs through unprovmg the transport
system and mfrastrueture

Thts mIddle path unphes substantIal publIc and
pnvate mvestment m agncultural research,
human capItal, and productIon and market
mfrastructure Pohey reform alone (exchange
and mterest rate polIcy, market hberalIZat1on,
pnvatIzatlon), whIle tmpOrtant, IS not suffiCIent
to spur hIgher agncultural prodUctIVIty,
resource, technology. and market constramts on
agncultural growth must be tackled drrectly by
allocatIng government and donor resources to
overcommg them

PublIc mvestment should be such that It
complements and spurs pnvate mvestment on­
~ m the Input dlStnbutton system, and m
pnmary product processmg It IS essentIal that
government and donors InVest m understandmg
how to promote the econOmIC use of the tools of
sustainable mtenstfieatlon - fertIlIZer. anunal
traction, orgamc Inputs. and soIl conservation
mvestments

Thus the debate should be reopened on
Identtfymg cost-effectIve ways of mcreasmg
access to mputs, by unprovmg the delIvery of
mputs and glvmg farmers the means to pay for
them. This effort is especially appropnate m
West AfrIca FCFA zone whose macroeconOmIC
envrronment has become more favorable through
structural adjustment ThIS should be a pnoflty
pohcy ISsue m the 19908 and beyond

IX
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DETERMINANTS OF FARM PRODUCTIVITY AND SUPPLY RESPONSE IN
BURKINA FASO

CHAPI'ER 1 INTRODUCTION

1.1 Importance and Charactenstics of Agnculture

Agncultural IS the mam sector of the economy With regard to employment and rural mcome, food

secunty, and foreign exchange It constItutes a thIrd of gross domestiC product (GOP) and prOVides the

pnnclpal employment of over 80 percent of the population (EID, 1994)

Food output (mamly mIllet and sorghum) IS growmg slowly, behmd the population rate, and

millet/sorghum average land productIVity IS also growmg slowly (around 1 percent yearly) The upshot

IS that Imports have now become 27 percent of national food consumption Cereal Imports have mcreased

from 77,000 metrIc tons m 1980 to 177,000 metrIc tons m 1991 (World Development Report, 1993,

Sanon et al , 1993) Mme has bnght production prospects (Matlon, 1990) but IS still a mmor part of food

outp.ut, and Its average land productIVity IS growmg moderately, around 2 percent yearly (FAO)

Cotton, the roam cash crop, had rapid growth m area under cultivation m the 1980s (from 66,601 ha

m 1973 to 74,948 ha m 1980 to 185,750 m 1991 to 176,900 ha m 1992 (SOFITEX 1993), as well as

very rapid average land productIVity growth over 1961-1991 (3 8 percent yearly) (FAO) Cotton and

lIvestock constitute about 60 percent of exports (hence paymg for food Imports) In 1988, cotton

accounted for $63 8 mIllIon of$ 140 9 mIllIon of exports, while lIvestock and skins and leather accounted

for $ 13 1 mIlhon In 1990, cotton accounted for $ 94 mIlhon of the total $ 272 mIllIon exported (EID,

1992, 1994) Cotton slgnIflcantly contributes to rural mcomes, as an estimated 15 to 18 bIllIon FCFA

cotton revenue IS mJected mto the rural sector each year Cotton productIon directly proVides

employment for 70,000 farm households (about 735,000 people) whIle the related downstream actiVities

(small scale textIle mdustry, transportation) employ an additional 156,000 households or 1,100,000 people

(Sanon et al , 1993)

Burkina Faso's agnculture IS almost entrrely smallholder, dommated by an estimated 600,000 to

650,000 farms, each averagmg 2 to 7 ha per farm, together accountmg for 95 percent of agncultural

produetlon It IS ramied - only 1 8 percent of cropped area IS under IrngatIon Production IS highly

conditIoned by ramfall Ramfall can fluctuate substantially over years, hence so can productIon For

example, productIon decreased by 22 percent from 1986 to 1987, and mcreased by 40 percent from 1987
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to 1988

Croppmg IS predommantly of nnllet and sorghum - whIch covered 80 percent of total cultIvated area

over 1984-88 Cotton, matze, and peanuts each covered about 6 percent of cultIVated land Marketed

surplus rates for grams are low, and rates for cotton and hvestock are hIgh An lDlportant share of rural

mcomes are now earned m nonfarm actIVIties mamly connected upstream or downstream to agriculture,

and m nngratlon

Pressure on arable land IS already hIgh (even higher when measured m terms of "carrymg capacity"

FAO (HIggins et al 1982), ranks BurkIna as densely-populated m the unfavorable agrocllDlate zones

(Sahellan and Sudaman zones) where two-tbrrds to four-fifths of the rural populatIon hve Population

densIty IS moderate for now m the favorable agrocllDlate zone m the south (the Gumean zone), but a

World Bank study (Lallement 1990) shows that population IS mIgratIng south qUIckly and pressure on

land mountmg Burkma agnculture IS havmg to move qUIckly from "extensive" to "mteoslVe"

Further, the "carrymg capacIty" of arable land IS bemg rapidly undermmed by soIl degradation and

erosIon m many areas, as well as by bushland loss through overgrazmg There was a rapId mcrease m

the late 19808, however, of water retentIon mvestments by vIllagers m the Sahehan and Sudaman zones

(supported by complementary capital m the form of trucks and extensIOn from the government) (Sanders

et al ~ 1994)

PersIStent degradation and slow productIVIty growth Imply that the elements ofcroppmg mtensIficatIon

and of accompanymg soIl conservation are not bemg put m place as qUIckly as needed FertIlIZer use

rates~ mamiy on cotton, dropped over the decade from a low of 25 kglha on cotton m 1973, It rose to

130 kg/ha m 1983, and then dropped to 107 kglha m 1987 (as 1983-1987 was the perIod of gradual

removal of the fertIlIZer subSIdy), and then rose from 122 to 165 from 1988 to 1992 (SOFITEX, 1993)

Our hypothesIS (not tested here) for the latter rISe IS that there was mcreased farmer awareness of the

need for fertIlIZer on cotton, and a gradual mtenslficatlon of cotton productIon on the avaIlable land of

SuffiCient qualIty for cotton productIon, as the area dedIcated to cotton mcreased

On other crops except for matze, fertIlIZer use IS very mmor (see chapter 2) Manure use IS well

below recommended use to counter soIl fertIlIty loss, and ammal tractIon IS used only by a mmonty of

farmers m the favorable agrocllDlate zones (see Chapter 2 ) Infrastructure m many areas IS stIll poor

1.2 Polley Issues

Over the penod when BurkIna Faso expenenced the fastest growth m Its agrIculture, mcentIve prIce
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pOhCIes were used both m cash and food crops Accordmg to World Bank (1988), the producer pnce

for first-grade cotton was mcreased by 61 percent from 1982 to 1985, the pnce of sesame seeds doubled,

and the pnce of peanuts mcreased by 9 percent before levelmg off due to unfavorable world pnces

These aetlons were posItIvely correlated WIth output mcreases Producer pnces for food crops were also

raISed the pnces of sorghum and maIZe were mcreased respectIvely by 33 and 45 percent, showmg the

mtentIon of the government to raISe farm mcome by a transfer from urban consumers and rural net buyers

to rural net sellers However, parallel market pnces usually prevau m thIS sector (Savadogo and Wetta,

1991), and only the gram procurement by the state (around 10 percent of total supply) uses OffiCIal pnces

FerttlIZer SUbSIdIes were InstItuted m the late 19708, but whIttled away over the 1980s as part of

BurkIna's "homemade Structural Adjustment program" (1983-1989), accompanIed by a declme m

fertIlIZer use except on cotton dunng the per10d of removal of the SUbSIdy (see sectIOn 1 1) To promote

ferttlIZer use m the cotton-producmg areas, the government started a fertuIZer SUbSIdy program WhICh

reached Its peak m 1981 when farmers paId only 36 percent of the cost of fertuIZer The gams m cotton

productiVity were commonly associated wIth the mcreased use of chemIcal ferttlIZers Because of the

budgetary burden (an outlay of 1 4 buhon FCFA m 1982), subSidies were progressIvely reduced startmg

m 1983, untIl therr complete elImInation m 1987 As shown m Sanon et al , the subSidy removal was

accompanIed by lower producer mcome and lower use of fertlhzer (see our sectIon 1 1 for figures)

The ferttlIZer distributIon system eaters mostly to cotton producers, and was admmtstered by the

cotton parastatal SOFITEX (Societe des Fibres et TextIles) m assoCiatIon With regIOnalIZed structures of

the MmIStry of AgrIculture (Centres RegIOnaux de Promotion Agropastorale-CRPA) Although the

structural adjustment program concluded With the World Bank and the IMP (started m 1991) brought With

It some degree of lIberalIZation m dIStribution, pnvate merchan~ have yet to play a slgmficant role As

a consequence, ferttllZer IS not avaIlable m non-eotton zones where cereals are the major crops

Antmal traction (A1) use was encouraged through extensIOn but no massive prOVISion programs were

put m place as they were for peanut areas m Senegal m the 1970s

As BurkIna embarked on Its home-made macroeconOmIC adjustment program, the rural sector was

smgled out as a key sector where progress needed to be made LikeWise, the 1991 structural adjustment

program placed a major role on the agncultural sector through the Agnculture Sector Adjustment

Program (ASAP) ASAP's goal IS to encourage and redynanuze agrIculture to Improve food securIty and

llllprove natural resource management, through use of fertutzer, AT, and sou conservation As part of

adjustment, cereal and mput markets were lIberalIZed In January 1994, Burkma Faso, With the rest of

the FCFA COuntries, devalued drastically the franc CPA Hence the emphasIS has been on standard
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structural adjustment polIcIes to mcrease mcentlves m the food system. The focus m agrIculture IS on

coarse grams, cotton, and lIvestock, as well as mmor crops peanuts and sesame

1.3. Gaps ID knowledge and Our Objectives

ThIs report focuses on the followmg ISSues related to the above agricultural and polIcy challenges

(1) What are the effects offerttlIzer and manure use on land and labor YIelds - as prune methods of

mtensIfieatlon (mcreasmg use of factors other than the scarce factor, winch IS becommg land)? Knowmg

thIs WIll tell us how madequate use of these mputs keeps Burkma from reacbmg Its prodUetlon potentIal,

and how mcentIve polICIes for these mputs wIll raISe prodUetlVIty

(2) What are the land and labor prodUetlVlty effects of AT - can It be used as a tool for mtenstficatIon

(beyond Its tradItIOnal use for extenstfieatIon)?

(3) What prIce and nonprIce factors drIve farmers use of fertilIzer, manure, and AT' How can theIr

use be promoted?

(4) How have cotton mcentlve polICIes affected cotton output and aggregate output (that IS, Just a crop

mIX shIft or an aggregate output mcrease)?

(5) What IS drIVIng crop mIX shIfts toward maIZe and cotton from millet and sorghum, and how do

these sbtfts affect land prodUetlVIty m the face of growmg land COnstraInts?

(6) How do the mcome dIversIfication strategIes of rural households affect theIr farm prodUetlVIty?

Hence, the ISSUes addressed by thIS report center on mcrease of use of unproved varIable mputs and

capItal to raISe prodUetlVlty, to mtensIfy productIon under condmons of growmg land constramts - what

Lele and Stone (1989) call "polIcy led mtensIficatlon·, and how crop mIX (espectally the mcrease of

produetlon of key cash crops, cotton and mmze), mIght effect land productIVIty These questIons are

central to InformatIon needs to unplement the new agrIcultural polIcy goals ofdynamizmg food and cash

crop agrIculture - m turn cruCIal for long term food securIty in Burkina Faso Given that opportumtIes

and potentIal dIffers by agroecologIcal zone, the questions need to be addressed by zone

1.4 Methods and Data

We address the above questIons m three ways

(1) Factor produetlVltIes - average and margtnalland and labor prodUctIVltIes by crop and zone and

technology group - are descnbed usmg farm-level data for the first half of the 1980s
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(2) In tum, these factor productivitles are conditioned by use of variable mputs such as fertlhzer,

manure, and labor, and of capital such as AT, we examme factors that determme use of these mputs

and capital - such as availabihty of farm labor, and cash availability especially through nonfarm

mcome sources

(3) Moreover, different crop mIXes imply different overall farm productiVity, and pnces and nonpnce

factors affect tillS nux, as well as crop supply and factor demand We examme these relationships

TIus study concentrates on determmatiOn of farm-level agncultural productiVity and supply response

To do so, we use a production funetlon approach to identify margmal productiVities and thus assess the

relative lmpOrtance of factor constramts ThiS work builds on earher studies by CEDRESlUmversity of

Ouagadougou, ICRISAT, INERA, IRAT, mCf, MSU, and SAFGRADlPurdue

The study also uses a profit functiOn approach to denve supply funetlons for outputs and demand

functions for mputs, and draws Inferences concemmg farmers' responsiveness to pClce and non-pnce

factors based on the values of the resultmg elastiCities

An nnportant ann of the research 18 to demonstrate the Impact of technology use, m particular use of

AT We develop models that account for the adoption of thiS technology The modelmg of production

and supply response 18 placed Wlthm the context of an endogenous sample seleeuon which estnnates

parameters for the two groups of adopting and non-adoptmg farmers, upon accountmg for the

determmants of adoption

We use farm-level data from a survey by ICRISAT (conducted by Peter Matton) from 1981-1985

The data set is very detailed and differs from most available Sahel rural data sets (1) Rather than Just

farm management mformation, we have data on all the household's aetlvities on and off farm, so we can

relate general household strategies such as mcome diverSificatiOn to farm mvestments and productiVity,

(2) Our data cover 5 seasons and 6 villages m 3 zones so we can examme how mteryear and mterzone

difference affect the responses to our research questions Moreover, we thus have enough output pnce

VarIability to examme the effects of price changes (especially mterestlng m the case of cotton) affect

supply, (3) We have SignIficant samples of AT and manual households so can examme technology chOice

effects

1.5 Terms and Concepts

"ProdUCtiVity" is a measure of the output derived from a standard urnt of mput it shows how effiCient
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IS the producer's use of the mput That efficiency IS conditIOned or determIned by the technology, the

level of use of the Input, and levels of use of complementary Inputs For example, land productiVity IS

the average output per urnt of land used, and IS conditIOned by land used, and the farmer's use of

fertilizer and ammal traction It IS also condItIoned by other charactensUcs of the farmer and herlhIS

lIubeu - educatIon, ramfall, soIl qualIty, and so on

•Average prodUctIVIty per urnt mput" IS the output dIVIded by the mput level (e g totailIll1let dIVIded

by total land used) ThIS IS often called "Yield", but we use "average land prodUctIVIty" and "average

labor prodUctIvIty" to hIghlIght the mput. "Margmal productIVity per umt mput" IS the addItIOnal output

(at the margm) produced by an extra umt of mput used (e g how much II1Illet an addItIOnal hectare of

land wIll produce, say beyond the average land used), condItIoned by the same set of condItioners as

noted above To compare across goods, to compare With factor pnces, or to aggregate over goods,

productIVItIes are commonly valued at the output pnce The margmal product of land, multIplIed by the

pnce of the good produced by that addmonal umt of land, IS the "margmal value product of land"

Farm productIVIty measures can be defined With any number of crops m the numerator - from one

to all When there are more than one they are aggregated usmg pnces as weIghts LikeWISe, there can

be one or more mputs m the denommator, agam summed by therr pnces When all crops of the farm are

m the numerator and all mputs m the denommator, one has an mdex of "total factor prodUctIVIty" When

a smgle mput IS used (WIth one or more outputs) one has "partial factor prodUctIVity"

If the producer IS econolI1lcally rational and there IS no constramt to the use of an mput, m theory the

margmal value product should equal the factor pnce If, however. for example, there IS a constramt m

the farmer's use of the mput (say a credIt constramt), of e g capItal. then the margmal value product of

capItal can exceed the pnce of capItal, farmers could then effiCIently use more capItal (as margmal return

falls untIl margmal value equals the seed pnce)

Moreover, m theory If there IS effiCIency of allocatIon of a given mput, the margmal value product

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

there IS some factor access constramt or non-optImal behaVior due to presence of fISk or transaction costs

In thIS document we work With all the above concepts and measures, but place a greater emphasIS on

smgle crop prodUettVlty measures so that allocatIon effiCiency can be exammed and specific mput-to-erop

allocatIon data are aval1able We also calculate total factor produetlVItles (TFP), but TFP IS normally

more mterestIng m the case of longer tIme senes and more aggregate data (when large exogenous changes

such as research and development can be charted) There IS a tradeoff here m AfrIca between farm-level

and meso or macro data sets, the former bemg usually short tIme senes but With nch mtercrop and mter-
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farm-type Information, and the latter bemg usually longer time senes but lackIng detaIl to determme crop

specIfic factor yIelds

Average prodUctiVItIes are SImply calculated usmg average output dIVIded by mput used by farms of

a gIven type (say anImal traction-usmg farms m the GUInean zone of BurkIna Faso) By contrast,

calculation of margmal productivities requIre estImation of production functIons or profit functIons

The prodUCtion funCtion IS output explamed by use of varIable mputs (labor, land, fertilIZer) and

capItal mputs (land, eqUIpment), and other conditlOnmg factors such as raInfall Given an estImate from

the function of the margmal effect of e g labor on mIllet output, one can and we dId examme how thIS

margmal Impact changes when there are different levels of the condltIonmg factors (such as how much

more prodUCtive IS an extra umt of labor when fertIlIZer use IS hIgher)

One can then ask what determmes use of mputs and condltIonmg variables - mcludmg pollcy and

other household-level determmants lIke nonfarm mcome For example, we studied what determmed the

adoptIon of aDIma1 tractIon, and then splIt the sample mto tractIOn users and manual households, and then

asked how theIr prodUCtiVity differed by estImatmg productIon functions for the groups

"Supply response" measures the strength of the dIrect effect of pnces and non-pnce varIables on farm

supply The question of supply response assumes that the variable Inputs have adjusted to the changes

m pnces and condltIonmg varIables, so that the resultmg change m output IS a net effect We compute

pnce and non-pnce elastICIties of supply m the framework of differentiated technologies These are

valuable pollcymakmg guides, showmg for example the role of technology and other non-pnce factors

m determmmg the fleXIbIlIty to respond to econOmIC InCentIVes

1 6 Plan of the study

The rest of thIS study IS as follows Chapter 2 proVIdes further background on past research and

debate concernmg the determmants of prodUctIVIty m the West African semI-arId trOpICS, With a focus

on BurkIna Chapter 3 describes the sample data, concentratIng on the charactenstlcs of the study zones

and of the sample households Chapter 4 presents the patterns of sample mput uses and average factor

prodUCtiVItIes for the country as a whole and for the zones and technology groups Chapter 5 models

technology chOice m the framework of a bmary chOIce model, and also defines the framework of

selectIVity modelmg used m the next chapters A productIOn function model IS developed m Chapter 6

and margmal factor productlvlties denved Chapter 7 develops and estlmates a supply response model

from WhICh pnce and non-pnce elastiCIties are denved In Chapter 8, the research results are

summarIZed, WIth theIr ImplIcatiOns for pohcymakmg
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Tablo 11 Ana, produotlllll IIId averaco productl or ceraJ.. 1961 91

(Ana In ,000 Ha, Prod In /XX) M'1')

MAIZB MILLET SOROHUM

AREA PROD KO/HA KOIL AREA PROD KOIHA KO/L AREA PROD KO/HA KO/L

1961-65 1S7 100 634 40 on8 293 402 119 946 467 493 189

1966-70 158 97 617 36 766 343 447 128 1059 557 526 208

197175 107 68 637 23 SOl 307 384 105 1090 568 521 194

1976-SO 101 89 887 28 793 362 456 112 1056 601 569 187

1981 143 119 832 35 922 443 480 130 1089 659 605 193

1982 135 111 822 32 909 441 485 127 1048 609 581 175

1983 125 71 568 20 928 391 421 111 1083 611 $64 173

1984 121 77 636 21 723 30n 51$ 103 965 594 616 165

1985 143 142 m 39 974 587 603 160 1077 798 741 218

1986 165 155 939 42 1171 680 581 183 1330 1011 760 271

1987 176 131 744 35 1,168 632 $41 167 1176 848 onl 224

1988 277 227 819 59 1277 817 640 212 129$ 1009 779 261

1989 221 257 1163 65 1278 649 $08 165 1,362 991 on8 252

1990 216 258 1,194 64 1,1$0 449 390 112 12$0 751 601 188

1991 185 296 1600 73 1.135 7~7 667 186 1,295 1,113 859 273

FII\1te1 are roundOd \() \h. ne-reai \houaand for IrtllI and ptoducuon and to tho neareal atait for aVontlO pfOduoG

K&!L- output, In lea por a&ricultural worker

Source FAO
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Table 12 Area, production and average products for cash crops, 1961-91

(Area m ,000 Ha, Prod m ,000 MT)

PEANUT CorrON

AREA PROD KO/HA KO/L AREA PROD KO/HA KO/L

1961-65 121 65 532 26 42 7 158 3

1966 70 142 76 539 28 71 2S 349 9

1971·75 152 73 480 25 68 34 499 12

197680 147 67 456 21 75 59 780 18

1981 128 78 609 23 65 58 892 17

1982 155 71 458 20 72 76 1,056 22

1983 137 82 599 23 76 79 1,039 22

1984 143 83 580 23 82 88 1,073 24

1985 167 123 737 34 95 115 1,211 31

1986 229 152 664 41 127 169 1,331 45

1987 233 146 627 38 170 175 1,029 46

1988 243 161 663 42 170 179 1,053 46

1989 176 131 744 33 162 179 1,105 46

1990 205 140 683 35 173 176 1,017 44

1991 219 152 694 37 180 176 978 43
Figures are rounded to the nearest thousand for area and production,

and to the nearest digit for average products

Kg/L=output, m kg, per agncultural worker

Source FAO
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CHAPI'ER 2 BACKGROUND and DEBATE ON DETERMINANTS OF AGRICULTURAL
GROwm IN BURKINA

AgrICultural growth IS equal to the product of gaInS m land productIvIty (yIeld) and growth m area

cultIvated The factors that affect agncultural growth can be grouped mto tracbtlOnal mputs (land, labor,

hvestock, manure), modern mputs (fertIlIZer, anImal tractIon, lITlgaoon) and condlUonmg or IDStitutIOnal

factors (natural factors such as agrocllIllate and ramfall, government InterventIOn such as agrIcultural

research and pncmg and marketIng polICIes, and VIllage level mstItutIons such as the vIllage groups m

BurkIna) Off-farm mcome has revealed Itself as a key non-eonventIonal determmant of agrIcultural

productIVIty m seDll-and areas as It prOVIdes a source of cash to buy farm Inputs In thIS chapter, we

reVIew the general debate m Burkma on key factors that mfluence prodUctIVIty and agncultural growth ­

- a subset of SaId factors are addressed empmcally m thIS report. Hence our goal here IS to provIde a

general context for the chapters that follow

2.1 Land

The current debate on land that could affect land productIVIty m Burkma IS land tenure The country

IS m a transItIon between the tradItIOnal land tenure systems where land nghts are transDlltted from

generatIon to generatIon wtthm the famIly lmeage, to a modIfied tenure system where land belongs to the

State With mdIVlduaIs haVIng user rIghts The pohcy objectIve m the long term IS to secure long term

user rIghts through land regIStratIon, sImIlar to a system that was used m Kenya Whether more secure

tenure of landholdmg IS necessary to mduce farmers to make shon and long-term productIvIty and

conservatIon mvestments IS however not a settled debate The AfrIcan eVIdence IS DllXed, Clay and

Reardon (1994) and Place and Hazell (1993) show tenure to be Important to mvestment m Rwanda, but

Place and Hazell's findmgs for Ghana are ambIguous

The land dIStnbutIon debate IS not SIgmficant m Burkma or most of the Sahel because of relatIvely

equal dIstrIbutIon of land per person (see chapter 3)

In the present report study, we consIder the Impact of land area expansIon on productIVIty and do not

address the tenure ISsue

2.2 Labor

BesIde land, labor IS the mam Input m the current productIon system. Of partIcular relevance IS the

prodUCtIVIty of labor under varymg clImatIc or technologIcal condItIons The IFDC study on Burkma
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suggests that labor avatlablhty leads to extenslficatlon By consldermg two dIfferent tune peflods, the

StartIng manlland ratIo was found to be posItively correlated to the growth m area cultIvated In

partIcular, ratios of less than 3 persons per hectare were associated With a less than 4 percent mcrease

m area over time, whIle man/land ratios greater than 3 were associated With area growth rates exceedmg

5 percent per annum We study the unpact of famIly and hrred labor on prodUettVlty, and the role of the

wage rate m supply response

2.3 Demograpluc change

Population pressure on land has caused spontaneous and state-sponsored mIgration from the Plateau

to the fertIle and less populated flver banks m the South and Southwest followmg the controllmg (m the

mId to late 19708) of the rIver blmdness vector that populated these banks

These populatIon movements have had a pOSItive unpact on overall agrIcultural prodUCtIVIty

Comparmg the agrIcultural performance of mdigenous and mIgrant farmers m the Hauts-BassIns CRPA

m the Southwest, Savadogo (1990) found mIgrant farmers to be more receptive to new technOlOgICal

packages mcludmg the use of anunal traCtIon and fertIlIZer

The negative SIde of these uncontrolled mIgrations IS that mIgrants tend to replIcate theIr extensIve

cultivation system, thus causmg land degradation (McMIllan et al 1993) Sponsored mIgration such as

the AVV scheme (which started to relocate populatIOn from the Plateau to the WhIte Volta River banks

ill 1973) was supposed to enhance new prodUetlon technIques and to control land degradation Successful

at first m promotIng new croppmg systems and raIsmg farm mcome, the AVV system broke down less

than two decades after Its InItiation, as some farmers left the zone ill search of new opportumties m

newly-opened and promISmg zones such as the Komplenga dam area m the eastern part of the country

(McMIllan et al )

2 4 SoIl degradation

A very unportant determInant of yield losses m Burkma Faso over the long term IS soIl degradation

and the resultIng loss of fertIlity SoIls are shallow and lackmg the three major nutrients, especIally the

first two mtrogen, phosphorus, and potassIUm Orgamc matter content IS low, and decreasmg at an

estImated rate of 2 percent per year (Sanon et al ) due to aCidIfication Sod degradation IS amplIfied by

the agriCultural system and SOCial orgamzatJ.on which cause contInuous mmmg of sod nutrients Without

replacement

The mcreasmg demographiC pressure on the land leads to the breakdown of the traditIOnal fallow

II
II

II
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system whIch was effective at restonng fertIlity Crop residues whIch could contribute to restormg sol1

fertIlIty are gathered and used as fuel or hvestock feed IFDC estunates that total loss of nutrIents

(mtrogen+ phosphorus+potasslUm) when crop resIdues are not replaced mcreased from 37 kglha per year

over the 1979-83 penod, to 47 kgIha over 1984-88 To counter these trends, the use of fertl1lZer and

manure must mcrease

2.5 Chenucal FertIhzer

There are both long term and short term benefits to the use of fertl1IZer The long term benefit IS

associated WIth the conservatIon of the resource base whIch IS rapidly degradIng The short term benefit,

whtch deternnnes the farmers' decISIon to use It, IS the mcreased productiVIty that the use of fertl1lZer

entaIls Our results m thIS paper pow to the posItIve short term unpaet of fertl1lZer on prodUctiVIty and

supply

The consumptIon of fertl1IZer m BurkIna Faso IS however very low The MmtStry of Agnculture

esttmates that current use of chemIcal fertl1lZer averages 11 6 kg/ha. whIch IS suffiCient to restore only

10 percent of the nutnents mmed over the penod 1979-88 (IFDC) In particular, replacement IS low for

mtrogen and potassium ThIS IS one of the key lDlpedtments to productiVIty gams m AfrIcan agnculture

Usmg data on 36 Sub-Saharan African countnes, USDA (1994) finds that chemtcal fertIlIZer use averages

10 kg/ha, and that 18 of these countrIes use less than 5 kg of fertIlIZer per hectare ThIS IS well below

the nummum reqmred level of 50 kgIha for sustamed growth, and COnstItutes one of the bIg dIfferences

between AfrIca and Asia EIght COuntrIes out of ten m AsIa reach the nummum level of fertl1lZer use

The mcreased use of fertIlIZer seems to be related to government pohCIes m an enVIronment where

agnculture IS rISky Besides cost, three other factors constram the use of fertilIZer m Burma The first

and most pervasIve factor IS aval1abl1lty The problem of aval1abl1tty of fertIlIZer at a natIOnal level IS

hnked to the hiStory of fertl1IZer mtroduetlon The second constramt to the use of cheDllcal fertl1lZer IS

rISk arISing from the mappropnateness of the fertl1IZer formula for cereals and from the erratIc cllDlatIc

factors mentIoned above The most current formula of NPKSB (mttogen, phosphorus, potasSIUm, sulfur,

borum) used IS surted for cotton and not for cotton, and IFDC recommends the development of a new

formula NPKS (Without borum) for cereals

Fmally, there IS the mterplay of a lIquidIty constraInt and the tune preference of farmers The

lIquIdIty constraInt stems from an InsuffiCIent or Inadequate credIt~ and the lImItatIon of own

lIquIdIty The agncultural credit system IS short term in nature, and lImIted to the cotton zone PrIvate

banks that are supposed to finance agnculture such as the Banque Internatlonale pour l'Industrle et
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l'Agnculture du BurkIna (BICIA-B) do not loan to the agricultural sector because of nskIness The

Caisse NatlOnale de Credit Agncole (CNCA) IS the "farmer's bank" but concentrates Its operatIOn m the

cotton zone where rIsk IS more easIly managed by a group hablhty credit scheme whereby the total

amount of the loan owed by a vIllage IS deducted from the cotton sales receipt of the entIre vIllage An

apparent preference for the present which IS remforced by rIskIness IS also present, which hmIts the use

of own cash (however hmlted) to buy fertIlIZer

2.6 AlternatIve mtenslficatIon mputs

Government agricultural services have attempted to promote the use of alternative or complementary

sources to chemIcal fertIlIZer, mcludmg manure/compost and rock phosphate known as Burkmaphosphate

The appheatlon of manure or compost can help reduce soIl aCidificatIon and restore orgamc matter The

InstItut de Recherche du Coton et des TextIles exotlques (!RCT) esttmates that an applIcatIon of 5 MTlha

of manure every other year wIll counterbalance the esttmated 2 percent annual loss of organIc matter

Unfortunately, the supply of manure IS lImIted and thiS recommendatIOn IS rarely followed The Fonds

de I 'Eau et de I 'Equlpement (FEER) has made It an objective to mcrease the constructIOn of compost Pits

m the Central Plateau PartIal statIStICS show that about 5,000 compost Pits were constructed at the farm

level between 1990 and 1993

The use of Burkmaphosphate started m 1977 but remamed low, as quantities sold averaged only 650

MT per year over 1978-92 The recommended dose for an effectIve and sustamed result IS 400 to 600

kglha Problems of low solubIlity and therefore a delayed reactIon discourage the use of rock phosphate

by farmers Research has shown that mIXmg rock phosphate, plant residues and manure m a compost

Pit mcreases the solubIlity of the phosphate and hence the effectiveness of the compost

2.7 SOIl conservation techmques

Water retention technIques, which are not mvestlgated m the present study because of lack of data,

are seen as a key complementary mput to fertIlIZer Because water IS a hmItmg factor m much of

BurkIna due to high runoff, technIques such as bunds, tIed ndges and zal1 can slgmficantly tmprove

mfiltratIon, lImIt erosIOn and mcrease the effectiveness of ferttllZer Rochette (1989), Ohm and Nagy

1 Zal IS a traditIonal technIque used m the Yatenga regIon to mcrease mfiltratIon It COnsiSts of a
depresSIOn made m the soIl, With manure or other organIC matenal depoSited m the depresSion The seed
IS planted m the depresSIOn which collects water, thus preventIng dryness and tmprovmg germInatIon and
normal plant growth
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(1985), Sanders et al (1990) and Cleaver (1993) report the yIeld and soIl fertIlIty effects of these land

management technOlOgIes

Data from PEER show that about 67,000 ha of land were managed With bunds over the 1980-90

penod The pace of management however slowed down smce 1991, as only 6,000 ha ofstone bunds and

3,500 ha of earth bunds were constructed over 1991-93 ThIS comcides WIth a penod when FEER IS

reconsldermg Its "top down" approach toward a greater mvolvement by farmers m defimng therr

objectIves That IS, among the many alternatives mcludmg land unprovement, It wIll henceforth be up

to the farmers m a given vIllage to request the area of mterventIon they prefer

2.8 AnImal tractIon

AnImal tractIon IS the major technique used m agnculture for land preparatIon and weedIng m

Burkma It IS estunated that 15 percent of all farms and more than 40 percent of farms m the cotton zone

own some kInd of antmal tractIon equipment

EIcher and Baker (1982) note that anImal tractIon has hlStoncally been asSOCiated With the followmg

benefits (i) potential mcrease m Yields through unproved seed bed preparation, deeper plowmg, more

timely planting and weedmg, mOISture conservation (and we add manure transport and mcorporatIon),

(b) potential mcrease m the hectarage cultivated, (c) mcome generatIon through off-farm transportatIon,

(d) reductIon m drudgery (hence labor freemg), (e) longer-term benefit ofunprovmg soIl fertIlity through

applIcatIon of manure from anImals, deeper plowmg, plowmg under crop resIdues (and we add tled­

ndgmg for water retentIOn and soIl conservation) TractIon IS mamly used for plowmg, as well as seedmg

and weedmg Its use and spread IS related to cash croppmg, espectally peanuts and cotton Most

feasibIlIty StudIes JUStify It on basIS of more acreage and yIelds

In the 19608-708, governments and donors promoted a 'total oxen cultivation package' - oxen (or

donkeys or horses) plus tool bar and attachments such as plow, seeder, ndger and sometune carts ThIS

package can be very expensIve relative to rural household mcomes An oxen tractIon package was $1000

m 1977, a donkey tractIon package $500 (CIted by ElcherlBaker, page 145, from Zerbo and Le MOlgne

1977 and Barrett et at 1982) Compare thIS to $1500lhousehold mcome m the Gumean zone (1981-1985),

of which $1140 IS cash mcome (Reardon and Mercado-Peters, 1993)

EIcher and Baker also note that "SurprISmgly, although anImal tractIon has been promoted for more

than 50 years m AfrIca, research results on the Impact of anImal tractIon at the farm level are largely

impressIOnIStic" (p 142), and research on tractIon unpaets has been conducted mamly on experiment

statIons
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HIStoncal eVidence on yield effects IS mIXed Farm-level results have been mIXed Sargent et al

(1981) reviewed 27 traetton projects and found that most had not hved up to expectations because of the

high cost of anImals and equipment, low acreage and yield effects, and lack of rehable Institutional

support Whitney (1981) found that traetlon farmers mcreased acreage by 39 percent but With no change

m yields Barrett et al (1982), showed that, for eastern Burkma, acreage and yield effects were modest,

but labor mputs were reduced 20-25 percent per acre

In general, researchers have found that the econOmICS of 3Dlmal traCtIon are problematic for

subsIStence farmers producmg only millet and sorghum, and become more favorable m cash croppmg

areas Barrett et al (1982) found unportant cash flow problems for traction adopters Internal rates of

return were posItive over 10 years, but net returns for oxen farms were below net returns before adoption

for first 4 years due to a slow learmng curve Eicher and Baker found m a review of research m the

19708 that "the presence or absence of a cash crop IS a central detefIDlnant of farm-level profitabilIty of

anunal traCtIon" (usmg evIdence from northern Nigena, peanuts m Senegal, cotton m southern Mah, and

cotton m northern Cameroon)

Research has also shown that support services (credit and vetermary services) are CruCial EqUipment

adapted to key aettVltIes (weedmg, tIed ndgmg) IS not usually available, and there IS a persistent Issue

of affordabillty

In the present study, the role of anunal traCtIon IS stressed by showmg the differences m supply

response, average and margmal produettvlty, between manual (I e hand tools) farms and anImal traCtIon

users

2 9 Nonfarm IDcome effect on farm mvestment and on productivIty

Contrary to conventIonal WISdom from the early 1980s and before, Sahehan farmers engage

substantially m nonfarm aetlVltIes 2 This fact IS now recogrnzed and mcorporated m pohcymakmg

regardmg the rural sector m BurkIna Faso PEER, which emanates from the MlDlstry of Water and IS

a major pubhc mvestor m the rural sector, IS abandonmg Its narrow view of the rural economy as

prunanly based on agnculture In arid and semI-arid zones such as the Central Plateau, the role of non­

agncultural actIvIties IS bemg recogmzed as essential Hence, thIS government Fund IS consldermg a

massive mterventIon mhelpmg farmers to mvest m any type ofprofitable aettvlty Ltkewlse, as a support

2 See Reardon et at 1993 for revIew of eVidence from the 1980s, and Reardon et al 1988 and 1992
for BurkIna-specific results reviewed m chapter 3 here, as well as McMillan et al 1993 and Savadogo
and Wetta (1992) for Sudaman zone results
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to Its agricultural sector program m the context of structural adjUStment, the World Bank has financed

a number of rural mcome-generatmg activitIes With the goal to mcrease rural mcome from non­

agricultural sources, m areas where agriculture IS the rISkIest (Savadogo and Lanvi~re, 1993)

There are five nnportant consequences of the Importance of nonfarm. mcome for farm prodUetlVity

analysIS

(I) Nonfarm aetlvities affect the product market as they mclude processmg, transport, and marketIng

aetlVltIes, and they affect the Input market, as they mcIude proVISion of mputs to farms (farm labor,

ammal traetlon Implement reparrs, and so on)

(11) Nonfarm aetlvloes can be cruCial sources of cash (along WIth cash croppmg and lIvestock

husbandry) for farmers' mvestments m antmal traetlon, femhzer, and seed, drreetly, and anImals for

manure, mdrreetly (11us effect IS treated more below and then m a subsequent report) Yet as nonfarm

mcome IS poorly dIStrIbuted, but it IS Important to mvestments, then the poor wIll not be as able as ncher

households to share m produetlV1ty and resource conservatlon measures, which wIll affect mcome and

asset distrIbutIon over tIme ThIS IS worrISome and highhghts nonfarm. activity and mput access ISSues

m thiS report

(lll) Yet, particularly m unfavorable agrochmates, nonfarm aetlV1ty can compete With farm mvestments

for both tIme and capital Agncultural researchers, envrronmentallSts, and pohcymakers who propose

mvestments m the farm or the natural resource base m these zones may be surprISed to find that

mvestments off-farm are more attraetlve to farmers

(iV) Nonfarm aetlvitIes can reheve pressure on the land and thus spare fragIle margrns

(v) Nonfarm mcome can be important to household food access and thus affect nutntIon, which m

tum can affect labor prodUetlVlty (Strauss and Thomas, 1994)

2.10 Government support pohCles

Government mterventIon can enhance farmers' willmgness to mnovate by Improvmg the profitabIlity

of agriculture Frrst, mfrastrueture proVISion IS one example Good roads can lead to reduced transport

cost and thus the cost to the consumer, which may translate mto hIgher demand for farm products and

hence better pnces for farmers The role of road quality m cost reductIon was documented by Savadogo

et al (1992) for Burkma Faso Road mfrastrueture is, however, poor m Burkma Faso There is a lack

of good feeder roads to move products from farms to a central market, Wlthm a production zone The

usable transportation modes under these condloons cannot capnrre the econOmIes of scale related to

volume, as they COnsISt mostly of donkey carts and two-wheel vehIcles The second mfrastruetlrra1
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constramt 15 the lack of good roads lmkmg the surplus to deficit areas For example, the road hnkIng

the productIve Southwest to the Sahel (the Bobo-DMougou-Quahlgouya road) has been unusable for the

last twenty years, forCIng gram movmg between the two zones to transit through Ouagadougou, and

therefore mcreasIng distance twofold Although the 1986-90 five-year development plan stressed the

partIcular need to provide better road lInkages between production and consumptIon zones, finanCial

constramts have put these mtentIons on hold

Second, government InterventIonmay be helpful m farmers' orgamzatlon Old fashIOned development

mterventIon where the farmer was considered as a passive actor (at least In the defimtIon of objectIves

and needs) 15 known not to work The mvolvement of farmers m the defimtlon of objectiVes can be done

on an mdlvldual baslS, but not m areas concernmg the commons Thus, In areas such as natural resource

management, a vIllage-level organIZed group IS the best party m a dialog on the relevant ISSUes The

government through Its appropnate structures or NGOs where avaIlable can help set up such

orgamzatIons

ThIrd, government pnce (output and Input) polICies are unportant determmants, and are reviewed m

chapter 1
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Chapter 3. DATA, WNES, AND SAMPLE HOUSEHOLD CHARACTERISI1CS

In sectIon 3 1 of the chapter, the data and survey are descnbed SectIOn 3 2 descrIbes study zones

SectIon 33 desCflbes sample household charaetensttcs mcludmg mput use, mcomes, and asset holdmgs

3.1. Data and Survey

The data m thIs report are drawn from the ICRISAT survey (conducted by Peter Matlon) from June,

1981 to December, 1985, covenng 150 rural households located m SIX VIllages representmg the three

pnnclpal agrochmatIc zones of BurkIna Faso, covermg the range of conditIons wlthm the seIDl-arId

regIOn the Saheltan, SudanIan, and Gumean zones (ThIS regIon covers 500 IDIlhon hectares m AfrIca )

Wlthm each study zone, ICRISAT selected one VIllage on an unportant feeder road and the second

more remotely located The VIllages m all study zones are medIum to large, and faIrly concentrated

geographIcally With bush areas separatmg them from other VIllages 3 The two study vIllages m the

SahelIan zone are located 20 kIlometers from the admIDlstrattve center and market town of DJlbo, near

the MalIan border, about SIX hours by road northwest of Ouagadougou, along the OuahlgOUyaIDJIbo road

DJIbo contaIDs local extensIon offices, a veterInary office, and a regional hvestock market m addItIon to

the regular permanent market WIth gram sellers In the Sahehan zone, the road IS hard packed dIrt, both

villages are relatIvely near the road Well water IS a major constramt m the area The two study vIllages

m the Sudaman zone are located on the MOSSI Plateau, near the market town of Yako (populatIOn

20,(00), about two hours west of Ouagadougou The paved (m 1984) road from Ouagadougou gIVes way

to the well-traveled dIrt road to Koudougou (a major town) that runs past KolbIla at 20 kIlometers to the

west of Yako Ouonon IS on a dIfficult meandermg dIrt path 20 kIlometers east of Yako Well water IS

a major constramt m the area The two study VIllages m the Gumean zone are located near the

adonmstratIve center and market town of Boromo, about 220 kIlometers southwest of Ouagadougou

KolbIla IS a 4 kIlometer dIrt road trIp from the paved national hIghway runmng from Ouagadougou to

the Cote d'Ivol£e The other vIllage, Koho, IS 20 kIlometers further from the maID road, but on a farrly

passable cart path, and With access to the raIllme to Bobo DlOulasso

The survey was mtenslve 18 questiOnnaIres were employed at vanous tImes to record data on

household SIZe and compoSItIon, land use and tenure, productIon (mput/output), mcome sources, crop

3 ThIS sectIon draws on Viench, 1985 for detaIls of vIllage and regIOn mfrastrueture
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and hvestock transactIOns, credit, consumptIon, and crop and anunaI stocks Most of these were

admmlstered 10 frequent passage, either fortnightly or monthly Matlon (1988) prOVIdes detail on the

questIonnarres

The basiC behaVIOral and sampl10g umt used 10 the survey and analysIs IS the household In sample

selectIon, ICRISAT used the followmg deflmtIon of household

" the smallest group of persons usually, but not exclusIvely, kIn related who form a more or less
mdependent productIon and consumptIon umt dur10g the cropp1Og season To operatlonahze thiS
defimtIon we set two conditIons based on observed group behaVior and consistent With farmers' own
cntena for definIng households first, that members of a household work Jo1Otly on at least one
common field under the management of a s10gle deciSion-maker, and second that members draw an
unportant share of therr staple food stuffs from one or more grananes which are under the control of
that same deciSion-maker (Matlon 1988, p 4)

The above defimtton was a compromise given that a) there are strong relatIOns between the household

as defined and the broader compound, Ian group, and vIllage, b) there IS substantial compleXity of

structures among households, 10 terms for example of conjugal umts, c) 10 some sltuattons the

consumptIon and productIon umts do not stnctly co1OcIde, or the latter contams more than one of the

former, d) there IS substantIal mterseasonal and 10terannual flux 10 the membershIp/sIZe of the

households These COmphcatIOns are dISCUSSed m Norman et al (1981), Vlench (1985), Reardon (1985),

and Matlon (1988)

3.2 Study Zones

Table 3 1 presents charactenstics of the study zones and VIllages and the sample households Table

32 shows crop mIX 10 value terms Table 33 shows labor, fertIlIZer, and manure use AppendIX 1

prOVIdes yearly detail on 10put use

3.2.1. Ramfall and Soils

BurkIna Faso compnses four agrochmanc zones With ImpOrtant dIfferences regardmg agncultural

potential The northernmost and least agnculturally prone zone IS the Sahehan zone, where annual

ramfall averages less than 350 mm The Sudano-Sahehan zone IS an mtermedlate zone, WIth annual

ramfall varymg between 350 mm and 600 mm The Sudaman zone covers the Isohyets between 600 mm

and 800 mm, and the Sudano-Gumean zones lSohyets higher than 800 mm For planmng purposes, the
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government (MlDlStry of Agnculture) uses the followmg delmeatIOn of the terrItory West (1,000

mm1year or above), Central Plateau (650-1000 mm), and the Sahel (less than 350 mm per year) (IFDC,

1991) In the present study, the survey vJ1lages span these three regIOns, and are aggregated mto three

agrOecolOgical zones, Sahehan, Sudaman, and Gumean

Long-term average ramfall rises as one goes south, whIle the long-term varIablhty (over years) of

ramfall falls - hence produetlon rISk falls Ramfall durmg the 1981-85 study period was about 80 percent

of the long-term average The vanability of ramfall m the Sahehan and SudanJ.an zones was much hIgher

than the Gumean zone's durmg the study perIod, and thIS vanabilIty was higher m the study penod

relative to long-term patterns In the Gumean zone, ramfall was only slIghtly lower than the long-term

figure and variabilIty was mmor Harvest years4 1982/3 and 1984/5 started Wlth very poor harvests due

to low ramfall m croppmg seasons m 1982 and 1984 The other three seasons m the data (m 1981, 1983,

and 1985) were relatively good ramfall years

Inter-year vanatlOn of producer pnces (here reflected m the millet pnce coeffiCIent of varIatIOn) IS

relatively hIgh GIven the presence of mter-zone trade m coarse grams, the relation between ramfall and

prIce vanability IS ambIguous By contrast, variability m CPI IS less m all zones compared to that of the

IDIllet producer pnce ThIS reflects the unport of cheaper grams, especIally mto the Sahehan and

SudanJ.an zones For J.nstance, cheap maIZe IS Imported from the south mto and consumed m the Sahehan

zone m drought years (Reardon et al 1987)

Ramfall mtensitIes (ramfall per hour) m WASAT are two to four ttmes greater than m temperate

cllIDates ThIS promotes topSOll erosIOn and water loss through runoff The mtraseasonal distrIbutIOn of

ramfall IS also very erratIc, even m "normal" years (Matlon 1987)

The soils m the Sahehan zone are deep and sandy Soil texture vanes from loamy sands m the

SahelIan to sandy loams m the Sudaman zone VertISOls are only found m ISOlated patches The soils m

the SudanJ.an zone are clay-sandy and gravelly-sandy SOllS and are mostly shallow WIth low natural

fertilIty The soils are structurally-mert and have poor water-holdmg capacity The SOllS m the Gumean

zone are clay sandy of mtermedlate depth and fertilIty (Matton, 1987, 1988)

3.2.2. Population Density

PopulatIon density m the study vJ.llages IS 41 persons per square kilometer m the Sahehan zone, 54

4 "Harvest year t1t+ I" IS 12 months, startmg With the harvest Immediately after the ramy season m
calendar year 1, and runnmg through the ramy season m calendar year t+ 1
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m the Sudaman, and 55 m the Gumean These figures are lower, especially m the SahelIan and Sudanlan

zones, and much higher m the Gumean zone, than zone-wide figures calculated by IFDC based on census

data shown below The Plateau accounts for most of the land (50 percent), with a ratio of cultivated to

agnculturalland of 35 percent over the 1984-88 penod The West, with a httle over one quarter of total

area, has the lowest population density and the hIghest agnculturalland percentage (50 percent), of which

16 percent was under cultIvation over the 1984-88 penod The Sahel, With only 26 percent of area

SUItable to agrIculture, has the highest land pressure WIth 40 percent of the agncultural land under

cultIvatIOn over 1984-88 The higher populatIon densIty of the Sahel IS attributable to the Yatenga

provmce whIch With 200 people per km2 has the highest populatIon concentratIOn among all provmces

At face value these numbers would mdlcate low populatIon density m some areas However, FAD

research (HIggIns et al 1982) argues that usmg population per unstandardlZed land umt masks the fact

that m a given zone the amount of land capable of sustalntng agnculturally a given populatIOn mIght be

much lower than the SImple area Instead, It IS necessary to weIght land area by quality mdlces (Hlggms

et at , 1982) BInswanger and Pmgall (1988) calculated "agroclImatlc population densIties" for a Wide

range of countnes, usmg mformatlon on land quality, croppmg technology, and asSumptiOns about

populatIon growth trends Therr results ranked countries such as BurkIna Faso and NIger m the "high

density" category, along With COuntries such as Bangladesh and India MatIon (1987) applIed the FAD

approach to the three study zones He compared "sustamable populatIon" (m persons per square

kIlometer) With 1980 populatIon m the three zones, asSUmIng traditIonal croppmg and lIvestock systems

In the Sahehan and Sudaman zones, he found population density to be beyond the carrymg-eapaclty of

the land, due mamly to severe envrronmental degradation The current density IS below the sustamable

populatIon density m the Gumean zone Lallement (1990) shows, however, that there has been rapid

mIgratIon from northern to southern zones m BurkIna, and so one would expect the land constramt to be

growmg m the Gumean zone

3.2.3. Croppmg system

ProductIon ofcoarse grams, pulses, and cotton m these zones prunarIly uses low variable mput, hand­

tIllage technology m the Sahehan zone Use of fertIlIZer, manure, and ammal traetlon mcreases as one

goes south, up to a moderate level m the Gumean zone Ramfed croppmg IS predommant, although there

are low-Iymg basIns or pools of water, partIcularly m the Gumean zone, that are used for croppmg m

the dry season and for some IlTlgatton m the wet season Gardenmg occurs around wells and barrages

More detaIl on the croppmg system as practiced by sample households IS given m section 3 3

21



....

3.3 CharactenstIcs of Households' Income CompositIon, Croppmg, and Livestock Husbandry

In Table 3 3, characterIstics of the sample households are presented by zone, averaged over the four

year study perIod (With mterannual and mterhousehold coefficients of vanatIon noted) S

3.3.1 Income Levels and DIstnbution

In Table 33 household mcome per AE m FCFA and GIm coeffiCients (measures of mcome

dIStnbution mequallty, the larger, the more mequallty) are shown per zone, as averages over the study

penod Income was measured by combmmg the net lIllputed value of home-consumed crop output, plus

crop sales. plus hvestock net sales and the Imputed value of home consumptIOn of anImals, plus net

receipts from local nonfarm actIVItIes, plus mIgration remIttances from household members, plus transfers

from mstde and outside the vIllage of nonhousehold members (mcludmg from famIly members resldmg

outside the vIllage)

In the Sahehan, Sudaman, and Gumean zones respectIvely, mcomes per AE were 42205,29197, and

55261 - whlch m per person terms are 59087,37956, and 71,839, or $151, $97, and $184 per person

(usmg the 1982-1985 calendar years average exchange rate of 391 FCFA per dollar US) The World

Bank: GNP per person average for Burkma Faso for the same perIod was $175 6

Total household mcome GIm coeffiCients do not vary much over the years per zone, and are not very

different between zones m a given year, rangmg between 5 and 7 Generally the Gumean zone has the

most mequallty. and the Sahehan the least For the Passore provmce m the Sudaman zone, Savadogo and

LanvIere found a GIm coeffiCient of 60 for 1993, suggestmg a stabIlity of mequallty over tIme

When we use mcome per AE (hence controllmg for the substantIal vananon m households SIZe) the

coeffiCients are 34, 30, and 30 for the Sahehan, Sudaman, and Gumean zones, respectively MatIon

(1979) for northern NigerIa found a range for the same vanable of 27 - 30 over vIllages

~

5 Apart from the SImple household average variables, m partIcular demographiC variables, the figures
for Table 3 are averages weIghted by the SIZe of the household m AE terms. as well as a weIghtIng
coeffiCient to adjust for bIas toward ammal tractIOn households mtroduced by the stratIfied random
samplmg procedure used by ICRISAT to constItute the household sample These weIghts were applIed
both to strata and overall sample results per zone Note that the sample size for the Gumean zone m 1981
was only one-halfofwhat It was m the other three years due to mvalidated survey results m Koho vIllage
for that year ThIS bIases the results for that year

6 Bourque and Gagnon, 1988, p 2

22



1
l

I

3.3.2 Income Composition and Diversification

HJ.11 (1982) laments that even up through the time of her wntmg, the traditIOnal view persisted that

the typiCal African farm household is only or mainly farmers, With very nunor actiVity outside the

agncultural sector Early work m Nigena by Norman (1973), Matlon (1979), and HIll (1982) tried to

correct thiS nusconceptIon More recent studies m Botswana and Zambia (Low 1986), Kenya (Colher and

Lat, 1986), Burkma (Reardon et al 1992, McMillan et al 1993), Senegal (Kelly et al 1993), Niger

(HopkIns and Reardon 1993), Lovendge (1992) and a few others (see Reardon et al 1993 for review)

confirm that Afncan farmers substantially diversify their mcomes beyond farnung mto nonfarm actiVIties,

thus reversmg that traditional Image In general the more recent studies (m the 19808) showed a degree

of diversification beyond that found m the earlier studies m the 19608 and 19708 For example, the 19708

Northern Nlgena studies found study vIllage averages of 23-30 percent of mcome from nonfarm sources,

whIle m senu-and West African studies from the 1980s reViewed by Reardon et al (1993), nonfarm

mcome (agrocllmatlc zone averages) varied from 20 to 64 percent of total mcome (SImple average of 39

percent), and non-eroppmg mcome (thIS tIme mcludmg livestock mcome) ranged from 31 to 83 percent

(SImple average of 48 percent)

Ing>me composItion m Burkma (Reardon et al1992) for our case study was as follows (1) Sahehan

49 percent crop mcome, 14 percent hvestock mcome, and 37 percent nonfarm mcome, (2) SudaDlan 60

percent crop mcome, 6 percent livestock mcome, and 20 percent nonfarm, (3) m the Gumean, 37 percent

crop mcome, 20 percent hvestock mcome, and 40 percent nonfarm This helps to explam why total

mcome rankmg ofzones (Gumean, Sahehan, Sudarnan, 1,2,3) IS not correlated with agrochmate rankmg

of zones (Gumean, Sudarnan, Sahehan) Savadogo and LariViere (1993) estlmate the share of nonfarm

mcome m theSudaDlan zone, usmg data from 1992/93 at 33 percent, varymg between 19 and 57 percent

over the sample vIllages Moreover, Reardon et al (1993) show that most nonfarm mcome m the Sahel

15 from "productlon-Imkage" aCUvltles (upstream and downstream from local agnculture - I e supplymg

mputs and services to the farm or usmg outputs from the farm m processmg and marketmg) The other

nonfarm mcome 15 either from nugratIon, or linked to local towns

But nonfarm mcome IS poorly dIStributed, With both share and absolute levels much higher for £leber

households than poorer households m a given zone the poorest are most dependent dIrectly on croppmg

Comparmg the share of nonfarm mcome m total household mcome for the lower mcome terctle versus

the upper terctle, we find m BurkIna 19 vs 46 percent m the Sahehan zone, 14 vs 26 percent m the

Sudaman, and 29 versus 51 percent m the Gumean zone
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3.3.3 Crop nux

Table 3 3, based on our sample's output patterns, over the four years, shows that In the Sahehan

zone, nullet COnstItutes 84 percent of crop output value In lDlpUted terms, sorghum another 6 percent,

hence together 90 percent, With no lDlpOrtant dIfferences In IDlX over (total) Income tercIle groups MaIZe,

peanuts, cowpeas, and nce are each 1 percent White sorghum and maIZe are IlD1lted to patches of more

fertIle and/or hUDlId soIls next to seasonal swampy areas

The croppmg system In the Sudaman zone IS dommated by mIllet (19 percent of lDlputed crop output

value), and sorghum at 46 percent Other mInor crops Include maIZe, 2 percent, peanuts and cowpeas

together 13 percent, and cotton 1 percent The crop IDlX does not dIffer much over Income tercIles

In the Gumean zone, mIllet COnstitutes 13 percent of total crop output value In lDlpUted terms,

sorghum 30 percent, maIZe 7, and cotton 31 percent, pulses are mmor (only 4 percent), and nce IS 12

percent (grown near ponds), and "other" (vegetables and tubers), 4 percent (grown near ponds) Crop

mIX dIffers over mcome tercIles mIllet's share IS higher for the poor, sorghum higher for ncher

households, cotton IS hIgher for the poor, nce hIgher for the nch, and •other" (vegetables, tubers) hIgher

for the ncb ncher households tend to grow more "high entry bamer crops" that requrre access to soIl

and water (access that IS affected by socioeconOmIC factors) Poorer households grow cotton because It

IS a source of cash WIth low entry barner, that IS they can merely apply to grow cotton to SOFITEX, the

cotton parastatal (operatIng only In the GUInean zone) BesIde guaranteeIng a market outlet and transport

for the cotton, the parastataI provIdes fertIlIZer credIt

3.3.4 Animal TractJon Use

The portIon of farm households USIng ammal tractIon equIpment over the study penod are 9 %, 14%,

and 19% m the Sahehan, Sudaman, and GUInean zones respectIvely That IS, equIpment Increases

proportIonately WIth agrochmatlc potentIal Hence, hand tIllage IS by far the dommant method It appears

that the greatest growth m aD1D1al tractIon IS occurrmg m the Gumean zone, startIng from a low base

(MatIon, 1988) The eqUIpment was not avaIlable on credIt from the parastatal or other publIc InStItutIon

3.3.5 Land: DistributJon, Tenure, FaDowmg PractJces

Table 3 2 shows average household cultIvated land per AE m hectares, per zone, as weD as GlDl

coefficients per zone For the Sahehan, Sudaman, and Gumean zones respectIVely, cultIvated hectares

per AE were 92, 58, and 65 The coeffiCient of vanatlon of the averages over years IS less than 10%

for the Sahellan and Sudaman, but 18% for the Gumean zone Correspondmg to these figures are 5 4,
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4 6, and 5 3 hectares per household But note that usmg natIOnal data, the Gumean zone IS not more

densely populated Due to land quality differences comparIson with other regions IS rIsky, but note that

Matlon (1979) found m Northern Nlgena that cultivated land per household ranged from 1 9 to 3

hectares, and per AE from 35 to 69

The cultivated land GlDI coefficients over households were, for the Sahehan zone, 51- 54 over 1981­

4, for the Sudaman, 47 - 60, and for the Gumean, 43 - 60 The per AE coefficients were 28 for the

Sahehan, 33 for the Sudaman, and 30 for the Gumean (With low levels of vanatlon over years for each

zone) The GlDI coefficient by both measures IS higher m years of poor rainfall Ghal and Radwan (1983)

report household land GlDI coeffiCients of for example 55 for Kenya, 50 for Botswana, and 42 for

Ivory Coast (allm smallholdmg sectors), figures close to our's

ICRISAT measured the "duration of the last fallow" per household, and found on average that It was

5 years m the Sahehan, 9 years m the Sudaman, and 13 years m the Gumean zone, hence land IS used

less mtenslvely as one goes north to south

Matlon (1988) found that shIftmg cultivation has given way to mcreasmgly mtenslve grass fallow

systems m bush land, and to nearly contmuous cultivation near habitatiOns There IS httle varIation m

tenure systems wlthm and across study villages The systems can be clasSified as "mdlgenous" or

tradltIonalm that use nghts are still perceived as separable from propnetary nghts Use nghts are vested

at the household level, and propnetary nghts at the level of the kIn group or village Thus, land IS not

yet alienable by mdlvlduals via sale, rental, nor IS It used as collateral PrevaIlmg land tenure systems

not only provide SecurIty, but have also resulted m a relatively eqUitable distribution of overall land use

nghts across households

3.3 6 Labor: Household size, labor use In crops, hired labor market

Table 33 shows that the average households m the Sudaman and Gumean zones are largest (10

persons, vs 8 m the Sahehan zone) There lS substantial variation over households (With coeffiCients of

variation 40-60 percent) The average household SIZe per zone varies little over years, however Savadogo

and LarIviere (1993) also found (for 1992/93 data m the Sudaman zone) an average household sIZe of 9

Dependency ratios range from 40-50% The average household does not differ much across zones and

strata m Its demographic characterIstics, except that poorer households are larger and have more children

Table 3 4 shows that (total = famIly plus hIred) labor use per hectare 18 lowest m the Sahehan and

highest m the Sudaman zone, where population density IS also highest per urnt of arable land ThlS
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reflects the substitutIon of labor for land

Table 3 4 shows that the rough order of (total) labor-mtenslty IS JDaIZe, cotton, sorghum, and nn1let

The ratio of labor use per hectare of the most to least mtenslVe m each zone IS 2 to 2 5 tImes In general

nn1let IS slIghtly more labor mtenslve than sorghum (except m the Sahellan zone) MaIZe and cotton are

equally labor-mtenslve m the Gumean zone

Gumean farmers use three tImes more haed labor than do Sudamans, who m tum use SIX tunes more

than the Sahehans In the Gumean zone, 23 percent of total labor IS hIred, versus only 8 and 2 percent

m the Sudaman and the Sahehan Compare those figures to 35 percent, 50 percent, and 55 percent for

share of haed labor m total labor m Shrrapur, Aurepalle, and Kanzara m the Indian SAT (usmg the

ICRISAT India sample Walker and Ryan 1990)

Hrred labor IS used most mtensIvely on cotton, then nnlletlsorghum, then least on maIZe (though

fanuly labor IS used most mtenslvely on maIZe) ThIS appears to be due to nature of tasks, penodlclty,

and SIZe of fields MaIZe IS produced on small fields near the compound interestIngly, the rankIng of

crops m mtenslty of hIred labor IS reversed from the above If, mstead of usmg total hrred labor, we use

share of haed labor m total labor used nullet and sorghum are now first m the Gumean With 31 and 25

percent hued labor m total, and cotton drops to thIrd With 22 percent, and only 11 for maIZe

For cotton, manual households use 1 1 tImes the fannly labor that AT households use, and sImIlar

amounts of hrred labor, so m total, manual households use 107 tImes the labor per hectare that AT

households do ThIS 5 year average mcludes a year, 1981, where there was an anomaly where AT

households used more labor per ha. than manual households If thIS year IS excluded, the average ratIo

(manual total labor use to A1) IS 1 15 Hrred labor use IS sImIlar between the groups Hence, AT comes

out savmg fannly labor (winch can then be used for food crops, hence AT attenuates competitIon for

labor between cash and food crops) AT saves family labor only m cotton and nnllet croppmg But maIZe

AT farmers use less total labor than do manual households m all zones

Table 3 5 shows labor use vanatIon between a good (1983) and poor (1984) year Total labor per

hectare decreases WIth a drop m ramfall m the Sahehan zone, but aetually mcreases slIghtly m the other

zones By contrast, wed labor use decreases sharply m the northern and DlIddle zones wIth the drought

Partly these results can be explaIned by the relatively small change m ramfall m the Gumean zone

3.3.7 Fertlhzer and manure use

Table 3 6 shows fert:ilizer use on average over 1981-85, and Table 3 7 shows vanatIon m Its use

between a good year (83) and a poor year (84) FertIlIZer use mcreases very rapIdly from north to south,
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WIth almost no chemIcal fertilIZer used m the Sahehan zone, to 11 kgslha m the SudanIan, to 39 kgslha

m the Gumean zone Compare these levels to those for all subsaharan Africa m 1985, 9 kgs/ha, and all

developmg countnes, 58 5 kgs/ha (Bumb 1988)

AT households use a thIrd more fertilIZer than manual households m the Sudanian and a tenth more

m the Gumean zone The dIfferences may reflect wealth dIfferences and crop mIX

In the Gumean zone, cotton uses by far the most fertIlIZer (about 109 kgslha, tWIce developmg

country average use), followed by maIZe (about 46 kgs/ha), then use drops abruptly to less than 5 kgs

for sorghum and mIllet - the key food crops ThIS pattern IS partly due to agronomIc response of the

crop, partly to the value of the crop to the household, and partly to the dIfficulty of mcorporatIon of

fertIlIZer (mIllet tends to be m poorer soIls far from household) (prudencIo), and partly because the cotton

parastatal gives fertIlIZer credIt (although there are spIllovers of fertilIZer thus obtamed to other crops)

Interestmgly, the rankmg of crops m fertIlIZer use IS rougWy the same m the Sudaman, but at a

generally lower level, With 1/4 less to cotton than m the Gumean zone, and only 18 kgs for maIZe

Surpnsmgly, much more fertIlIZer IS used on gram than m the Gumean zone, 3-4 tImes more for sorghum

and mIllet

Interestmgly, fertIlIZer applIcation does not vary systematically WIth ramfall m the Sudaman or the

Gumean zone - mstead, more IS used m the drought year In the Gumean case thIS could be because

there was an mcrease m land to cotton, and therr drought was mIld

Table 37 shows manure use over 1981-85, and Table 11 shows varIatIon m Its use between a good

year (83) and a poor year (84) We do not show other orgamc matter known to be applIed to fields

(household waste and crop resIdues) due to lack of data

Manure use mcreases rapIdly as one goes from north to south, WIth only 150 kgs/ha m the Sahehan

zone, to 411 kgs m the Sudaman, to 995 kgs/ha m the Gumean AT-owners use twIce as much manure

per ha as manual households m the Sudaman zone, and fourfold more m the Gumean zone HeavIer, clay

soils m the south reqwre AT for manure mcorporatlon, and m the south, cattle and AT ownershIp and

manure use are correlated Yet cattleholdmg and manure use are not correlated over zones, as there are

more cattle per person m the north than m the other zones

In the Gumean zone, nuuze gets by far the most manure (7384 kgs Iha), then cotton (1314 kgslha),

then sorghum (427 kgs Iha ), then very lIttle for mIllet (155 kgslha) Part of thIS allocation IS due to

agronomIc requrrements m that order, part IS due to the value of crop to household (Prudenclo)

Interestmgly, about the same amount of manure IS apphed to the same crops m the Sudaman zone

The bIg dIfference m total manure use between the mIddle and south IS due to dIfferences m crop mIX,
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not applIcation rates per crop By contrast, IIUllet gets the lIon's share of the bttle manure appbed m the

north, WIth sorghum gettIng none

AppendIX 1 shows that m the north, manure applIcation varIes WIth ramfall, as It does m the south,

but not m the mIddle, where It varIes agamst ramfall

3.3.8 l.lvestock HoldIngs and DIstnbutJon

Large areas of the Saheban zone are SUIted only to lIvestock grazmg due to low ramfall, poor soJ.1s

and low croppmg potentIal of the land Hence, anImal husbandry IS an unportant actiVIty ThIS has led

to denndmg of grazmg areas over the last 3-4 decades, and the reduCtIon of the amount of wJ.1d forno,

a WIld grass used as food m the hungry season (Vlench, 1985) LIVestock are held as a form of savmgs

or msurance as formal and Informal capital markets are poorly developed, and due to the strong mteryear

fIuetuatlons m croppmg outcomes

In Table 3 2, bvestock holdmgs per AE m value terms (FCFA) and Gw COeffiCIents are shown, for

1983 and 1984 only, due to data lImItations Livestock per AE for the Sahellan, SudanIan, and Gumean

zones respectively, were 16,824, 11,503, and 9,015 FCFA per AE - about $43, $29, and $23

The Gw coefficients (averaged over the two years, 1983/4 and 1984/5) were 68 m the Saheban, 35

m the Sudaman, and 68 m the Gumean zone Hence, assets are more unequally dIStrIbuted than mcome,

whIch IS a common findmg Here anImal assets are much more concentrated than land

2.3 9 Food Self-Suffiaency From Own-ProductIon

In Table 3 3, the columns showmg the "productIon suffiCiency ratiO" (PSR) depIct the degree of food

self-suffiCIency from own prodUction We consIder a household as "productIon SUffiCIent" If It produced

enough food to feed the household members adequately (by FAG standards) over the entIre year until the

next harvest The "Produetlon suffiCIency ratiO" IS the fractIon of the year that It was able to do so For

example, PSR = 50% means that the household produced enough to feed Itself from produced stocks

durmg half of the year after the harvest, for the balance It needed to resort to purchases, receIpts of

transfers, and gathenng

Two columns are presented The first shows the average PSR per stratum, the second shows the

average percentage ofhouseholds WIth PSR > 100% (i e at least Self-suffiCient) As expected, generally

the Gumean zone households are self-suffiCIent, With average of 105%, but only 46% of the households

attaIn self-suffiCIency (hence It IS the bIg producers that brmg up the average). In the Sudaman zone, the

average PSR over the study penod was only 82%, and on average only 20% of the households were
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productIOn sufficient The mter-year vanatlOn IS greater than m the south By contrast and surpnsmgly,

m the Sahelian zone, on average over the study penod (that mcluded 2 droughts m 5 seasons), the

average PSR was 119 %, but only 48 % attamed self-sufficiency, so as m the south there are some

households that brmg up the average, but the high mter-year variatIOn (from the mtersperslOn of the

severe droughts) IS unlike the south where ramfall was much more stable But m some years most

households m the north were surplus producers This result IS the counterpart of the findmg of extreme

vanabIllty m yields m the Sahehan zone (see Chapter 4)

Reardon and Mercado-Peters (1993) show that the maJonty of households m each zone m all years

are net buyers of gram Reardon et at 1987 show for thiS sample that the marketed surplus rate for gram

IS very low, less than 10 percent ThIS comcldes With findmgs for an earlier survey m Eastern Burkma

by MSU (see e g Ouedgraogo 1983)
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Table 3 1 Land avaIlability by agricultural regaon

WEST PLATEAU SAHEL

Total area (Ian~ 60,072 139,136 73,633
Ag land (,000 ha) 3,010 4,350 1,945
Percent Ag land 50 31 26
L U C (,000 ha), 1984-88 494 1,537 772
L U C lAg land ( percent) 16 35 40

Population per ag land (reslkm~

1973-83 33 76 91
1984-88 40 92 101

Source IFDC, 1991

LUC Land under cultIvatIon
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Table 3.2 Sample CharacterIStics

(Northwest) (Center) (Southwest)
Sahehan SudanJan Gumean

1 Cro1212mg Technology

HJfed Labor (%total) 4% 10% 24%
AnImal Trac (%hh's) 9% 14% 19%
Fallow Tune (years) 5 9 13

2 Ramfall

Ramfall-Iong term 480 724 952
CV long-term ram 34 25 21
Study Penod Ramfall 410 563 779
CV Study PerIod Ram 60 36 14

3 Crop Ouqmt and Incomes

total mcome lae 42205 29197 55261
gmJ mcome/ae 34 30 30
Avg Prod Suff (pSR, %) 119 82 105
Share ofhh's With PSR> 1 48 20 46
CV of Prod Suff 75 42 46
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Table. 3.2 contmued

(Northwest) (Center) (Southwest)
Sahehan Sudaman Gumean

4 AssetslDemography

Land per AE* (bees ) 92 58 65
GJnlland/AE 28 33 30
LIVestock per AE (CFA) 16824 11503 9015
GJnl lIvestock!AE 68 35 68
Household SIZe 80 103 103
Household SIZe m AEs 60 77 79
CV household SIZe 14 08 14
Dependency ratIo 42 50 45
Persons per sqr Ian 41 54 55

5 PrIce VanabIlIty

CV of Producer Millet PrIce 24 34 20
CV ofCPI 17 23 17

* AE = Adult eqUIvalent (calculated by weightIng household members by coeffiCients reflectmg age/sex
composmon)
** For long term ramfall, zone IS the broad geographiC area, for the other vanables, It IS the s11Ilple
average of the study villages
a) Long-term ramfall data are from ORSTOM and from the National Meteorological Service of the
Government ofBF Data are through 1983 and mclude 29 years for SahelI~ 38 years for Sudaman, and
58 years for Gumean zone Source Sivakumar and Gnoumou (1987) Number m parentheses IS

Interannual coefficient of vanatton
b) ICRISAT/BurkIna baselme survey data on ramfall m study villages Averages are over 4 years, 1981-4
ramy seasons Numbers m parentheses are Interannual coeffiCIents of vanatton Average for zone IS

sunple average of village figures
The data m the table are drawn from Matlon (1988a) and base lme data authors' calculatiOns
CVhh IS the 4-year average annual coeffiCIent of vanatIon, CVyr IS the coeffiCient of vanatIon of the
4-year average
LIvestock: Averages only for 1983-1984
The data were computed by authors from pnmary data
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Table 33 Value of crops m total crop productiOn

MJ.llet sorgh maIZe cotton peanuts cowpea nee other total (efa/ae)

Sahehan
83, mcome terelle

lower 81 08 01 0 02 01 02 05 21049 = 100 %
nnddle 86 04 02 0 01 * 0 08 27255 = 100 %
upper 85 06 01 0 01 01 01 05 42160 = 100 %
overall 84 06 01 0 01 01 01 06 30155 = 100 %

Sudaman
83, mcome terclle

~ lower 21 43 02 0 07 07 0 20 15687 = 100%
nnddle 13 50 02 0 07 06 0 21 17741 = 100 %
upper 24 45 02 02 08 05 * 15 31236 = 100 %
overall 19 46 02 01 07 06 0 19 21555 = 100 %

Gumean
83, mcome tereJ.le
lower 18 22 05 40 04 01 10 02 28540 = 100 %
nnddle 10 33 08 31 04 01 12 01 40846 = 100 %
upper 10 36 07 21 02 01 15 10 45473 = 100 %
overall 13 30 07 31 03 01 12 04 38286 = 100 %

I
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Table 3.4 All Labor Use per Hectare per Household

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

MILLET
own 311 309 306 598 613 583 328 359 309
hIred 8 11 8 60 49 67 148 153 142
total 319 320 314 658 662 650 476 512 451

SORGHUM
own 555 441 621 550 580 540 408 398 413
hIred 15 34 5 45 42 47 143 143 130
total 570 475 626 595 622 587 551 541 543

MAIZE
own 534 604 475 927 1042 872 853 892 852
hIred 3 5 1 25 32 24 101 124 94
total 537 609 476 952 1074 896 954 1016 946

COTTON
own 717 1185 694 743 811 724
hIred 97 22 110 207 192 214
total 814 1207 804 950 1003 938

ALL CROPS (WEIGHTED BY AREA TO EACH)
own 324 317 330 572 597 560 517 532 514
hIred 8 12 5 50 44 77 158 160 158
total 332 329 335 622 641 637 675 692 672
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Table 3 5 Labor per hectare Use m 1983 divided by use m 1984 (good/bad year)

Sahehan
All MAN AT

Sudaman Gumean
All MAN AT All MAN AT

all crops
hIred 28 1 7 90 1 7 1 8 1 7 6 6 6
all labor 1 1 1 1 10 8 8 8 7 7 7
nullet 1 1 1 1 10 8 8 7 7 7 7
sorgh 10 10 10 8 7 8 8 7 8
maJZe 12 14 9 3 4 3 6 6 7
cotton 7 8 7

Table 36 FertIhzer and manure, per hectare per household

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

FERTILIZER
all 02 002 03 11 83 12 39 37 41
null 02 002 035 64 34 46 14 1 1 15
sorg 001 002 0 13 10 14 45 33 52
maJZ 0 0 0 18 19 17 46 36 49
cott 76 56 109 113 109
ratio 83by84, all crops

0 0 0 3 3 3 8 7 8

MANURE
all 152 174 132 411 315 470 995 323 1345
null 115 113 117 170 108 221 155 28 226
sorg 0 0 0 329 261 363 427 39 624
maJZ 3862 5669 2269 8114 6209 9121 7384 4351 8588
cott 1405 1459 1314 402 1776
ratio 83by84, all crops

19 1 8 20 6 5 7 28 25 30

35



APPENDIX YEARLY INPUT USE PATIERNS

LABOR PER HECfARE PER HOUSEHOLD

A AGGREGATE CROPPING MILLET+SORGHUM+ MAIZE+ COTTON

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 369 362 374 667 638 692 523 474 560
hIred 16 25 9 97 80 112 127 134 123
total 385 387 383 764 718 804 650 608 683

1982
own 294 261 328 697 720 674 626 630 624
hIred 8 10 6 58 55 169 200 169 218
total 302 302 271 334 755 775 843 826 799

1983
own 297 303 289 425 491 390 442 472 428
hrred 11 12 9 44 42 45 139 148 135
total 308 315 298 469 533 435 581 620 563

1984
own 286 280 291 591 682 555 569 622 550
hIred 4 7 1 26 23 27 242 257 237
total 290 287 292 617 705 582 811 879 787

1985
own 374 377 370 480 458 490 425 463 410
hrred 3 5 1 27 20 30 81 92 77
total 377 382 371 507 478 520 506 555 487

83by84
hIred 28 1 7 90 17 1 8 1 7 6 6 6
total 1 1 1 1 10 8 8 8 7 7 7

AVG
own 324 317 330 572 597 560 517 532 514
hrred 8 12 5 50 44 77 158 160 158
total 332 329 335 622 641 637 675 692 672
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.B MILLET

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 355 352 358 681 700 666 317 362 242
hrred 16 25 9 141 107 167 121 140 90
total 371 377 367 822 807 833 438 502 332

1982
own 282 255 311 725 768 675 399 360 421
hrred 8 10 7 62 59 65 156 160 154
total 290 265 318 787 827 740 555 520 575

1983
own 279 295 260 427 487 395 325 331 322
hrred 11 12 10 54 47 58 106 121 98
total 290 307 270 481 534 453 431 452 420

1984
own 269 273 266 617 629 611 338 399 316
hrred 2 4 1 19 11 23 296 267 306
total 271 277 268 636 640 634 634 666 622

1985
own 370 368 337 541 480 566 262 342 243
hrred 2 3 1 23 20 24 63 77 60
total 372 371 338 564 500 590 325 419 303

83by84
total 1 1 1 1 10 8 8 7 7 7 7

AVG
own 311 309 306 598 613 583 328 359 309
hrred 8 11 8 60 49 67 148 153 142
total 319 320 314 658 662 650 476 512 451
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C SORGHUM

Sahehan SudanIan Gumean
All MAN AT All MAN AT All MAN AT

1981
own 575 477 607 643 595 689 331 354 316
hIred 16 30 12 74 70 77 128 139 121
total 591 507 619 717 665 766 459 493 437

1982
own 535 399 611 671 687 655 458 446 465
hIred 6 13 3 57 55 59 155 120 177
total 541 412 614 728 742 714 613 566 642

1983
own 564 471 611 426 491 390 375 390 368
hIred 11 29 2 39 40 39 124 111 130
total 575 500 613 455 531 429 499 501 498

1984
own 551 419 643 568 690 524 474 469 476
hIred 32 72 4 29 26 30 181 247 154
total 583 491 647 597 716 554 655 716 630

1985
own 551 440 635 441 439 443 402 333 442
hIred 12 25 2 28 20 31 81 100 70
total 563 465 637 469 459 474 483 433 512

83by84
total 10 10 10 8 7 8 8 7 8

AVG
own 555 441 621 550 580 540 408 398 413
lured 15 34 5 45 42 47 143 143 130
total 570 475 626 595 622 587 551 541 543
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D MAIZE

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 743 1036 524 1155 1111 1191 996 947 1026
hrred 3 7 1 13 11 16 126 142 116
total 746 1043 525 1168 1122 1207 1122 1089 1142

1982
own 453 485 414 1449 1526 1396 987 883 1035
hrred 6 9 2 9 21 1 163 117 184
total 459 494 416 1458 1547 1397 1150 1000 1219

1983
own 444 484 397 341 539 246 572 534 587
hrred 6 11 0 5 9 3 67 108 51
total 450 495 397 346 548 249 639 642 638

1984
own ,393 345 446 1028 1297 910 907 1284 815
hrred 0 0 0 30 100 0 114 139 107
total 393 345 446 1058 1397 910 1021 1423 922

1985
own 635 673 595 662 738 618 802 811 799
hrred 0 0 0 68 17 98 35 113 13
total 635 673 595 730 755 716 837 924 812

83by84
total 12 14 9 3 4 3 6 6 7

AVG
own 534 604 475 927 1042 872 853 892 852
hrred 3 5 1 25 32 24 101 124 94
total 537 609 476 952 1074 896 954 1016 946
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E COTTON

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 870 1347 768 834 668 940
hIred 350 44 414 130 121 135
total 1220 1391 1182 964 789 1075

1982
own 732 732 935 1020 886
hIred 81 81 291 247 317
total 813 813 1226 1267 1203

1983
own 434 434 608 710 560

?hIred 15 15 209 229 200 ~

total 449 449 817 939 760

1984
own 742 577 743 827 974 778
hIred 304 275 313 J;

total 1131 1249 1091
11985

own 806 1024 797 510 681 457
hIred 41 42 101 87 105
total 847 1024 839 611 768 562

,Y

83by84
total 7 8 7 .,

1AVG .-,
own 717 1185 694 743 811 724 )

"'"~'hIred 97 22 110 207 192 214
total 814 1207 804 950 1003 938
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F COMPARISON OF LABOR USE OVER CROPS

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

MILLET, AVG
own 311 309 306 598 613 583 328 359 309
hued 8 11 8 60 49 67 148 153 142
total 319 320 314 658 662 650 476 512 451

SORGHUM, AVG
own 555 441 621 550 580 540 408 398 413
hired 15 34 5 45 42 47 143 143 130
total 570 475 626 595 622 587 551 541 543

MAIZE, AVG
own 534 604 475 927 1042 872 853 892 852
hued 3 5 1 25 32 24 101 124 94
total 537 609 476 952 1074 896 954 1016 946

COTTON,AVG
own 717 1185 694 743 811 724
hued 97 22 110 207 192 214
total 814 1207 804 950 1003 938

ALL CROPS (WEIGHTED BY AREA TO EACH), AVG OVER YEARS
own 324 317 330 572 597 560 517 532 514
hued 8 12 5 50 44 77 158 160 158
total 332 329 335 622 641 637 675 692 672
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G FERTILIZER, PER HA PER HH

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
all 06 0 1 1 16 12 19 32 25 38
nullet 06 0 1 1 62 34 83 0 0 0
sorg 0 0 0 20 15 20 15 23 1 1
IIllUZ 06 0 0 27 30 25 33 52 22
cott 11 13 90 73 103

1982
all 01 0 02 96 95 96 32 31 33
nullet 01 0 02 55 8 1 24 05 1 3 0
sorg 0 0 0 11 10 11 47 2 1 63
IIllUZe 18 0 41 47 0 79 41 19 51
cott 55 55 86 91 84

1983
ail 0 0 0 42 26 50 38 36 38
nullet 0 0 0 33 19 41 1 1 0 16
sorgh 0 0 0 47 3 1 56 52 22 67
IIllUZ 0 0 0 08 0 1 2 52 18 65
cott 111 120 107

1984
all 03 01 04 15 99 18 47 49 46
nullet 02 o 1 04 44 28 5 1 49 44 51
sorg 0 0 0 19 12 22 42 55 36
IIllUZ 0 0 0 48 60 43 46 29 50
cott 138 158 132

1985
all 001 001 001 88 75 94 48 44 49
nullet 001 0 004 25 08 32 07 0 08
sorg 004 0 1 0 12 11 12 69 46 82
IIllUZe 0 0 0 76 42 96 57 63 55
cott 97 101 120 125 118
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FertIlIzer contmued

SahelIan Sudantan Gumean
All MAN AT All MAN AT All MAN AT

83by84
all 0 0 0 3 3 3 8 7 8

AVG
all 02 002 03 11 83 12 39 37 41
mtll 02 002 035 6434 46 14 1 1 15
sorg 001 002 0 13 10 14 45 33 52
matz 0 0 0 18 19 17 46 36 49
cott 76 56 109 113 109
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H MANURE USE, PER HA PER HH

Sahehan Sudaruan Gumean
All MAN AT All MAN AT All MAN AT

1981
all 295 354 246 335 253 408 1392 780 1843
millet 198 190 205 213 133 274 0 0 0
sorg 0 0 0 241 181 298 175 111 216
IDalZ (1000's)

88 145 46 58 47 66 156 124 167
cott 0 0 0 2082 903 2839

1982
all 139 123 157 515 449 581 752 257 1047
millet 117 88 150 184 59 331 275 0 434
sorg 0 0 0 441 455 427 491 11 794
IDalZ (1000's)

29 38 19 10 2 96 107 5 1 35 58
cott 0 0 0 725 332 956

1983
all 150 180 117 280 169 339 1884 360 2622
millet 144 164 120 138 74 172 348 0 533
sorg 0 0 0 208 171 228 841 27 1227
matz (1000's)

14 20 07 59 1 9 78 94 32 118
cott 0 0 0 2745 493 3822

1984
all 78 99 58 472 357 518 681 142 880
millet 37 52 23 98 138 78 135 61 162
sorg 0 0 0 392 281 433 497 31 686
matz (1000's)

37 39 34 93 63 106 53 1 8 61
cott 0 0 0 710 200 880

1985
alI 98 112 84 455 346 503 266 80 334
millet 79 73 85 216 134 249 18 79 4
sorg 0 0 0 361 216 428 132 16 197
maiz (1000's)

25 42 08 94 86 99 22 08 26
cott 1405 1459 311 82 381
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Manure controued

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

83by84
all 19 1 8 20 6 5 7 28 25 30

AVG
all 152 174 132 411 315 470 995 323 1345
Dull 115 113 117 170 108 221 155 28 226
sorg 0 0 0 329 261 363 427 39 624
malZ (looo's)

39 57 f3 8 1 62 9 1 74 44 86
cott 1405 1459 1314 402 1776
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Chapter 4. AVERAGE LAND AND LABOR PRODUCTIVITIFS AND TOTAL FACTOR
PRODUCTIVITIES

In thIS chapter we descrIbe aggregate trends m average land and labor productIvIty for crops, and

then zone-level patterns from farm data

Before gomg to thiS, however, we feel It unportant to make an asIde on the narrowness of

measurmg productIVIty only usmg crop output and mput data FIrSt, a narrow focus on crop output and

crop productIVIty neglects the Important nonfarm dImensIOn of farm household's actIVIty, that can be

nearly half of Its mcome If one measures farm output per person only by the value of crop output per

person, one neglects nearly half of the output of the household, the nonfarm part There is thus much

more econOmiC actIVIty m rural areas m AfrIca than Just crop statIstIcs show - and thiS corroborates

Important work on AfrIcan rural mIcroenterpflSes by LIedholm, Mead, et alIa That Reardon et al (1993)

also found that most nonfarm actIvIty IS related upstream or downstream to agrIculture further strengthens

the case to count the full output m both sectors of the rural household toward Its "prodUctIVIty" The

above argument reflects on the "numerator" of the yIeld measure The flip SIde of the argument touches

on the "denommator" of the labor prodUctIVIty measure m the crop sector as members of the household

are workmg part or full tIme m the nonfarm sector, It would be mappropnate (though usual m aggregate

StatIStIcs) to dIVIde crop output by rural persons InsIde a certam age bracket ("the actIve") One would

have to remove from the denomInator the equIvalent m persons of the tIme used off-farm, thus mcreasmg

the crop yIeld measure ThIS can easily be done m farm-level studIes and could be applIed to remeasurmg

aggregate productIvIty

Second, a commodIty sector perspectIve IS needed to help IdentIfy unportant opportunItIes to raIse

productIVIty at levels of the food system above the farm (e g , m processmg or marketmg actIVItIes, or

through polIcy change) Knowledge of consumer or export demand IS also needed to guIde development

of new farm productIon technology A useful focus for futlIre productIVIty work is on the effiCIency of

the whole food system, from the farmer, through the market cham, to the consumer (Antle 1985) If

unprovements are made m the effiCIency of farm-level prodUCtIon, but they are not passed on to the

consumer because of meffiClenCles or structural ngulmes "downstream", the benefits are lost Yet It IS

unportant to note that food market development and productIv1ty agendas are bnked Food markets

cannot be developed adequately WIthout raJSmg farm productIVIty and proVIdmg the condItIons necessary

to enable AfrIcan farmers to receIve and respond effectIvely to market SIgnals Moreover, mcreasmg the

effiCIency of the off-farm parts of the food system IS cruCIal both to consumer welfare and to mcreasmg
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farm productIVIty Hence, lIDproved food system performance wIll reqUIre productIVity gams both at the

farm level and at other levels of the system, such as processmg and marketmg WhIch level of the food

system IS the hIghest pnonty for research and polIcy mterventIons wIll depend on CIrcumstances m the

commodIty subsectors concerned The nature of consumer demand COnstItutes an lIDpOrtant parameter

that determmes what can and should be done to expand the volume of busmess wlthm the subsector, and

what thIS lIDplIes for the potentIal to expand farm-level productIOn

Below, when treatmg the aggregate (usmg FAO data), we use the agrIcultural populatIon of labor

age as the denommator, and crop output as the numerator In the SectIOns dealmg WIth farm-level data,

we use aetuallabor tlIDe (offanuly plus hIred labor) as the denommator (for labor yIelds) and crop output

as the denommator For both we use cultIvated land as the denommator for the land-yIelds

4 1 Aggregate Patterns 1D Crop ProductIVIty

Tables Al 1 and Al 2 m the AppendIX to thIS chapter show the evolutIon of selected mdlcators

of performance for the maID food and cash crops over the last 30 years

Food crops The absolute levels of production has mcreased twofold for each of the three crops

(maIZe, Illlliet and sorghum) from the 1961-65 average to 1991

Area has mcreased less m relatIve terms, suggestmg gams m land productIVIty The per hectare

YIelds do mdeed suggest lIDportant gams m maIZe, and moderate gams m sorghum and mIllet (FIgure

1 1) The average growth rates m land productIVIty are estlIDated at 2 0 percent for maIZe and 1 3

percent for mIllet and sorghum combmed, usmg an exponentIal trend over the penod of observatIon

Labor prodUetlVlty IS proXled by total prodUetlon over the actIve agncultural populatIon FIgure

1 2 shows that some progress has been made over tlIDe m labor prodUetlVlty Usmg an exponentIal trend

over the penod 1961-91, the average annual progress m maIZe IS estImated at 1 percent (low due to the

frequent year to year fluet1IatIons), whIle Illlliet and sorghum labor productIVIty grew at a rate of 0 8

percent per annum FIgure 1 3 shows the evolutIon of labor prodUetlVlty for the combmed cereals, WIth

an annual growth rate of 0 7 percent

Cash cnms There have been some unpresslve gams m produettvlty for cash crops over the post

mdependence era The productIon of cotton went from a neglIgtble 7,000 MT per year over 1961-65,

to nearly 180,000 MT m the late eIghtIes Concomttantly, area has mcreased fourfold (fable Al 2) The

gaIns m average prodUetlvlty are substantIal for both land and labor (FIgures 1 4 and 1 5) The YIeld of

cotton grew at an annual rate of 7 5 percent, and labor productIVIty at a rate of 10 1 percent
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Growth m peanut production has been less substantial Labor productIvIty expenenced httle

growth, averagmg 25 kg/worker m the seventies and 35 kg/worker m the eIghties The growth rates are

estunated at 0 9 percent for yIeld and 0 8 percent for labor productivIty

4.2 DISaggregatmg the aggregate picture

The farm-level data allows us to "dIg below" the country-level data dIScussed m sectIon I,

exammmg dIfferences by agroecologIcal zone, over year-types for each zone, and over farmer types m

each zone 'I1us dISaggregation IS lIDportant to our understandmg ofdetermmants ofprodUCtIVIty change,

and polIcy and technology nnplICatlons

FI.rSt, aggregate data used for national and FAO statIStIcs IS usually based on admInIstratIve

regIOns whIch do not lend themselves to understandmg the role of the agrocIIIDatlC zone, whIch IS cruCIal

for understandmg productIVIty dIfferences Farm-level data, by contras4 are often selected WIth

agroclunatlc zones m mmd There are often large dIfferences m farm productIVIty over zones wIthm a

country Land and labor prodUCtIVity m (agrocbmatlcally-) unfavored zones IS on average well below that

m (agrocbmatlcally-) favored zones, that have hIgher and more stable ramfall

Second, annual aggregate growth rates mask the large dIfferences m yIelds over years, and how

those dIfferences vary by zone That varIatIon IS hIghest m the senu-and areas WIth greatest ramfall

varIation

ThIrd, yIelds can dIffer greatly over technology regImes, as m case of AT as shown below

4.3 Average land prodUctiVIty from farm-level data

Table 4 1 shows average land prodIICt1VIty (for WhICh we use the term -land yIelds"

mterchangeably m thIS seCtIon, and whIch means kIlograms of output per hectare), over 1981-1985 (WIth

yearly figures m the appendIX), by agroc1unat:Iczone (Sahell3Il, Sudaman, and Gumean) Table 42 shows

the ratIo of 1983 (good year) to 1984 (poor year) figures to mdicate vanatIon The tables break down the

figures mto overall per zone, AT group, and manual group Each average 18 weIghted by area under the

crop m each household

Millet average land produCtIVIty averaged over the 5 years show the SahelIan WIth lowest YIelds

(246, versus 318 ill nuddle and 371 m south In the Sudanian and Gumean zones, AT does not make for

a land productIVIty advantage, It even detracts in the Sahel1an zone AT for nnllet 18 mamIy used for
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addmg land under cultIvatIon, not mtenslfymg cultIvatIon (through deeper plowmg advantages as IS the

case WIth maIZe)

The drought years brmg the Sahehan average down, however, AppendIX 1 shows that m the good

years m the Sahehan zone, mIllet land productiVIty figures were at least as high as m the other zones

ThIS makes sense gIVen that mIllet IS grown on poorer solls m the Gumean zone and m no zone does It

receive much fertIlIZer or manure The highest average land productivIty figure (upper bound average)

m each zone was 451, 458, and 486 for the north, mtddle, and south, so the mIllet land-yIeld potential

at least usmg current technologies does not dIffer much over zones

Mlllet average land produetlvltIes fluctuate enormously m the north WIth ramfall the ratio ofyIeld

m the Sahehan zone m a good year (83) to a bad year (84) IS 6 - four tImes the average difference

between Sahehan and Gumean zones The mteryear ratIo IS only 16m the Sudaman and 7 m the

Gumean, reflectmg less ramfall vanabllity Average land prodUctIVItles do not fluctuate m the same

dIrectIon over zones, hence there mtght be a potentIal for mIllet trade

Sorghum land productIVIty m the Gumean zone IS 1 5 that m the Sahehan and Sudaman zones

In good ramfall years, sorghum land prodUctIVItIes differ more over zones than do mIllet's, as sorghum

IS more responsive to higher ramfall and soll conditIons Curiously, appendIX 1 shows that the hIghest

land productIVIty IS recorded m the Sahehan zone m 1981, but thIS IS an anomaly m the pattern

Excludmg thIS anomaly, highest sorghum land yIelds are 408 m the sahehan, 545 m the Sudaman, and

644 m the Gumean As WIth millet, AT does give a land Yield advantage m sorghum, and even detracts

somewhat m the Sahehan and the Gumean zone, for reasons sImIlar to those dISCUSSed for mtllet

Sorghum land Yields fluctuate a good deal m the two northern zones between good and bad years

(e g 1983 and 1984), 17m the Sahehan, and 19m the Gumean FluctuatIon IS thus much less than

mIllet m the SahelIan, but more than millet m the other two zones The latter IS expected because mIllet

IS more drought-resIstant than sorghum ThIS was not the case m the Sahehan zone, but AppendIX 1

shows that sorghum dropped more than mIllet m the first parr of years (good 1981, bad 1982) m the

Sahehan zone, and dropped much less than mIllet m the second parr of years (good 83, bad 84) Yields

fluctuate m the same drrectIons m all zones, but there stIll appears to be potential for trade because the

land YIelds of the Gumean and SudanIan zones are much higher m the poor years than the Sahellan zone

MaIZe land YIelds are on average 1 2 ttmes higher m the Gumean zone compared to the Sudaman

We report Yields m the Saheltan zone but they are much lower than m the other zones, and very little

maIZe IS grown there The lughest land-Yield was 1661 for the Sudaman and 2414 for the Gumean As

WIth mtllet and sorghum, AT does not make for an average productIVity difference, except m 1981 and
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82 m the Gumean zone We wIll see m Chapters 6 and 7 that It makes a substantial dIfference at the

margm

MaIZe land YIelds fluctuate more than for the other grams, due to Its bemg more sensitive to soIl

mOisture, and the effect shows more m the Gumean than the SudanIan zone YIelds fluctuate m the same

dIrectIon m all zones between years, but there stIll appears to be potentIal for trade because the levels are

so much hIgher m most years m the GuInean zone

Cotton land YIelds are four tunes lugher m the Gumean zone (where cotton farmmg IS common

and IS supported by the cotton parastatal) than m the Sudaman zone (where only a few practice It) The

hIghest land-YIeld m each zone was 425 for the sudaman, and 1056 for the Gumean

UnlIke grams, cotton croppmg has much hIgher land yIelds With AT, 1.4 tunes hIgher Partly thIS

IS from greater capacity and flexibiltty m ploWIDg and weedmg operations, and partly from

complementary mputs especIally manure, mcorporated by AT It can also be from bemg able to clear

addioonalland for mrllet and sorghum to reserve the best land for cotton and maIZe grown m rotatlon

Land yIelds change httle over the penod m the Gumean zone, overall less than the graIns
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4 4 Labor yields

Table 4 3 shows average labor productIVIty - called labor YIeld m thIS sectIon - (Ia1ograms of

output per hour) over 1981-1985 (WIth yearly figures m the appendIX), by agrochmaoc zone (Sahehan,

Sudaman, and Gumean) Table 4 4 shows the ratiO of 1983 (good year) to 1984 (poor year) figures to

mdieate VarIation The tables break: down the figures mto overall per zone, AT group, and manual group

The averages are computed by summmg all output over sample households, dIvIde by all labor to that

crop over all households, hence the average IS WeIghted by labor expended per household

Millet labor YIelds, unlIke land YIelds, are not dIrectly correlated WIth agrochmatIc level On

average, Sahellan labor YIelds are 15 tunes the Sudaman, and 9 tunes the Gumean labor-YIelds

averaged over the 5 years show the Sndaman WIth lowest ( 5 kgslhour or 4 kgsIday) versus 77 kgslhr

(6 2 kgs/day) for the Sahehan and 84 kgsJhour (6 7 legs/day) for the Gumean. AppendIX 1 shows the

highest m.iIlet labor-YIeld at 1 47 kgsJhour (11.8 kgs/day) for the SahelIaD, .66 legslhour (5 3 kgs/day)

for the Sudaman, and 127 kgslhour (10.2 kgs/day) for the Gumean Hence even the best-year figure

shows a U-shape as one goes from north to south

SahelIan farmers get relatively Iugh labor-ytelds because they augment therr labor by much greater

land cultivated (hectares per AE m the SahelIan mne were on average 92, versus 58 m the Sudaman
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and 65 m the Gumean Margmalland IS also usually poorer, and nullet IS more hardy and can be grown

on It It IS less lIkely that such strategies can be employed for sorghum and matze, that are more sensitive

to soIl quality

The ordermg ShIfts over years, however, m the first three years, SahelIan labor yIelds are higher

than Sudaman's, then reversed m the last two years In general Gumean labor yIelds are highest, but note

that m the good year 1983 SahelIan levels were the hIghest

Average hIred labor yIelds are more difficult to evaluate because so lIttle hIred labor IS used for

nullet (see below), WhICh IS why hIred labor yIelds drop rapIdly from 58 m the SahelIan zone to 32m

the Gumean zone, as the use of hIred labor nses rapIdly from north to south

In the SahelIan and Sudaman zones, AT use does not mcrease labor yIelds relative to manual

farms But m the Gumean zone AT farm nullet labor yIelds are 1 3 tImes the manual farmers' AppendIX

1 shows that thiS advantage IS roughly correlated WIth amount of yearly ramfall

MIllet labor yields fluctuate enormously m the north, for example (good) 1983's are 54 (poor)

1984's - about the same varIation as m land yIelds ThIS ratIO fell to 25m the Sudanlan and to 10m

the Gumean In general labor yIelds fluctuated as much or more than land yIelds, and m the same

dIrectIon'

UnlIke nullet, sorghum's labor yIelds are roughly correlated WIth agrochmatlc level (nses as one

goes south) The 'land fleXIbIlIty advantage' of the northern zone that holds for mIllet does not hold for

sorghum as the extra land, usually margmal and of poorer qUalIty, IS not as SUitable for sorghum

The best labor yIelds In each zone was 1 11 kgslhour (8 9 kgs/day) for the Sahehan, 85

kgslhour (6 8 kgs/day) for the Sudaman, and 1 37 kgslhour (11 kgs/day) for the Gumean zone Hence,

the 'best year' figures give a weak I-relationship as one goes from north to south

As WIth nullet, hIred labor yIelds are dIfficult to evaluate because so httle IS used, and descends

rapidly from the Sahehan zone (42 kgslhr) to the Gumean, WhIch uses the most hIred labor (43)

Only m the Sudaman zone does AT make for a (weak) labor Yield

Sorghum labor yields fluctuate less than nullet m the Sahehan zone and more than mIllet m the

other zones The fluctuation of labor yields exceeds that of land yields III the mIddle and southern zones,

apparently because It IS easIer to adjust labor per hectare than land per laborer (for sorghum)

MaIZe labor Yields, stnular to sorghum but contrary to mIllet, are roughly correlated WIth

agrochmate, With very low labor yIelds m the north where httle IS grown ( 45 kgslhour or 3 6 kgs/day),

1 42 kgslhour or 11 4 kgs/day m the Sudanlan, and 1 46 kgslhour or 11 7 kgs/day In the Gumean The

"best year" labor-yield for matze was 87 kgslhour (/ per day) III the north, 265 kgslhour or 21 2

51



kgs/day) for the Sudaman, and 2 43 kgslhour (19 4 kgs/day) for the Gumean The 'best' figures gIve a

strong step-functIon from north, to mIddle-south One should note, however, that the good figures for

the Sudaman zone are based on much less maIZe than produced m the Gumean zone, that IS, the good

pockets of land m the good years m the Sudaman zone produce about as well as theIr Gumean

counterparts, but the there are fewer pockets and good years m the Sudaman than m the Gumean

HIred labor yIelds are again dIfficult to evaluate because so ltttle IS used, and descends rapIdly

from the Saheban zone's 152 kgslhr to the Sudaman's 163, to the Gumean's 18, as the latter uses the

most hIred labor (see below)

In the SahelIan and SudanIan zones, there IS a weak labor-YIeld advantage of AT, and a weak

dlsadvanmge m the Gumean zone ThIs IS because maIZe IS usually produced near the compound m a

manure-mtenslve and labor-mtenslve way, and does not lend Itself well to AT for the relatIvely small

amounts produced

Labor yIelds for maIZe fluctuate enormously m the north, where lIttle IS grown Note that there

was much greater fluctuatIon (say between 1983 and 84) m maIZe labor-YIelds m the Sudaman and

GuInean zones than for the other crops, and much more fluctuatIon than m land yields for maIZe - which

agaIn shows that for maIZe, lIke sorghum, there are constramts on the availabIlIty of SUitable land

Cotton labor YIelds, as WIth maIZe and sorghum, are correlated With agroclImate (rISes as one

goes south) from low m the SudanIan ( 32 kgslhour or 2 6 per day) to 75 kgslhour (about 6 kgs/day)

m the Gumean The "best year" labor YIeld was .58 kgslhour (4 6 kgs/day) for the Sudaman, and 1 74

kgslhour or 13 9 kgs/day for the Gumean

UnlIke for the grams, AT has a strong labor YIeld advantage m the Gumean zone (as was the case

for land YIelds as well) there IS a very strong advantage of AT (factor of 1 6)

Our comments on mteryear fluctuatIOn focus on the GUInean zone as there IS so lIttle cotton

produced m the SudanIan zone Labor YIeld fluctuatIon for cotton IS between that of maIZe and the basIC

grams Cotton's labor yIeld fluctuatIon IS agam, as the case of maIZe and sorghum, greater than the land

yIeld fluctuation, agam because of constraInts on land SUitable to cotton

4.5 Yield gaps over zones - how are they composed

Total labor use per hectare m the Sudaman zone IS 1 9 that of the Saheban zone (average over

crops and years), which leads along WIth better ramfall to land yIeld gap of 1 2 But note that Sudaman

farmers use 6 tImes the land per AE as do Sahehan farmers The greater labor use and better land
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Yields, but lower labor Yields, by the Sudarnans translates mto lower gram output per AE compared to

the Sahehans UsmgJust mdlet (extrapolated to whole farm) as lllustratiOn, note that Sahehans grow 226

kgs mdlet per AE, whlle Sudarnans grow 184 kgs Sudamans use more labor to compensate for less land

and still do not close the per person output gap With the Sahehans The comparable figure is 341 kgs /AE

for the Gumean zone - whose labor use and land use is m between the Sudaman and the Sahehan's, but

land YIelds are higher But thiS reduction of yield gap per person by the Sahehans means that they are

havmg to push onto extensive/fraglle marglns to overcome a land yield diSadvantage ThiS is lffiportant

for the Sahehan enVironment debate

4.6 Total Factor ProductiVIty

Table 45 shows the TornqviSt-Thell mdices for total factor prodUctiVity (TFP) usmg the formula

proposed by Chnstensen and Jorgenson (1970), based on DiViSia mput and output mdices for 1981-85

TFP for AT and manual households varied essentIally With ramfall in all zones The vanation was greater

in the north, and weaker in the south, as expected In general the AT households had higher mdices than

the manual households in drought years, apparently because of the flexibihty they had to manage nsk and
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allocate resources 7

7 The TornqvISt approxunatlon to the DIVlSla output mdex (or dIScrete dlVlSIa output mdex) IS defined
as (for detu1ed denvatIon see for example Chambers 1988 pp 232-239)

In(Q/Qt-J = 0 5 * 1;. [R. + R..t-J [In(qJ - In(~ 1)], (1)
where

Qt = mdex for output at tune t
R. = output revenue share (output i, ume t)
q. = output I at tIme t

SuniIarly, approxunatIOn to the mput mdex IS
~J = 05 * 1;. [Sit + S-J.l-J [In(xJ - In(~l)]' (2)
where

~ = mdex for mput at ume t
Sit = mput cost share (mput I, tune t)
X. = mput I at tune t

If the Dm.sla mput mdex (2) IS derIVed from a profit maxu:mzatlon behavIOr, the shares m the mdexes
are the shares of each mput cost from total revenue On the other hand, If the index IS based on cost
shares, productIon technology has to exhibit constant returns to scale (Chambers 1988) For example, Ball
(1985) used cost shares m the dIScrete DIVlSla mdices as m the formula above, and he constramed the
analysIS to constant returns to scale technology
The TOrnqvtst-Theil mdex for total factor productIVIty IS defined as

In[TFP/I'FPt-J = 05 * 1;.~ + R..t-J [In(qJ - In(Q..a-J]
- 0 5 * 1;. [Sit + SJ.l-J [In(xJ - In(x,.t 1)]

= In(Q/Q.J - InOClXt-J

= (Q/Qt-J/<X/Xt.J

Thus, the TornqvISt-TheIl mdex of total factor productIVity can be computed by dIVldmg the DIVlSla
output mdex (1) by the Dlv1S1a mput mdex (2) These three mdlces are presented m table 5
Output indices were constructed WIth millet, sorghum, maIZe and cotton outputs and theIr prIces Input
mdIces wece constructed only With varIable mputs, fertIlizer and hIred labor and therr pnces For other
mputs, like household labor, manure and land, we didn't have pnces and they had to be excluded from
themdex..
Note that the Tornqvist-Thed quannty mdex IS exact only for a homogeneous translog productIon (or
utIhty) functIon (Dlewert 1976) These mdlces do not necessarIly match our estunates for productIOn
technology, smce we used a quadratIC approxImatIon
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APPENDIX 2, TEXT TABLES

Table. 41 LAND AVERAGE PRODUCTIVITY Average 1981-5

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

MILLET 246 283 209 318 317 318 371 374 382
SORGHUM 351 385 313 377 357 388 536 562 526
MAIZE 249 257 232 1097 1192 1047 1351 1429 1349
CaTION 919 703 1009

Table 3.2 LAND AVERAGE PRODUCTIVITY, RATIO OF GOOD YEAR (1983) TO POOR YEAR
(1984)

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

MILLET 60 5 1 75 16 3 1 1 3 7 8 6
SORGHUM 1 7 14 27 1 9 19 1 8 1 1 10 1 1
MAIZE 70 73 62 19 22 1 7 14 1 1 15
CaTION 1 1 10 12

Table 4.3 AVERAGE LABOR PRODUCTIVITY (total labor = own + lured), average 1981-5

MILLET
SORGHUM
MAIZE
CaTION

Sahehan
All MAN AT
77 87 67
66 8 51
45 43 48

Sudaman
All MAN AT
50 50 50
64 6 68
1 42 1 34 1 49
032 024

Gumean
All MAN AT
84 74 93
104 107 102
146 149 143
096 75 1 18

Table 44 AVERAGE LABOR PRODUCTIVITY, RATIO OF GOOD YEAR (1983) TO POOR
YEAR (1984)

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

MILLET 54 46 74 24 37 1 8 10 12 9
SORGHUM 16 13 28 25 26 24 14 14 14
MAIZE 54 5 1 69 59 56 61 23 24 2 1
COTTON 15 1 3 17
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Table 4 S. TOTAL FACTOR PRODUCITVITY

TornqvIst-TheIl Total factor produetIvrty (fFP) mdlces by zone and by technology group for 1981-85,
based on dlVlSla output and Input mdIces

Sahehan Zone

Total Factor ProdUctIVity
Harvest Year

TractIon Households Manual Households All Households

81 100 100 loo
82 052 044 048
83 1 12 109 1 13
84 016 027 022
85 026 030 029

B Sudaman Zone

Total Factor ProductIVIty
Harvest Year

TractIOn Households Manual Households All Households

81 100 100 100
82 083 059 072
83 121 096 III
84 051 033 045
85 124 102 1 17

C Gumean Zone

Total Factor ProductIVity
Harvest Year

TractIon Households Manual Households All Households

81 100 100 100
82 082 072 079
83 1 14 108 1 14
84 077 079 079
85 106 121 1 12

The labor Input used here IS total labor (own and hued) m dlvlSla mput mdex~ labor has been weIghted
by wage rate
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APPENDIX, SUPPORTING DETAILED-TABLES

AVERAGE LAND PRODUCTIVITY

A MILLET

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981 451 538 377 458 483 439 475 422 564
1982 175 166 184 275 265 285 253 307 221
1983 432 493 360 319 355 299 328 348 317
1984 72 97 48 197 116 235 486 428 507
1985 99 123 74 343 368 333 314 367 301
3by4 60 5 1 75 16 3 1 13 7 8 6
AVG 246 283 209 318 317 318 371 374 382

B SORGHUM

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981 707 489 778 545 531 557 644 592 677
1982 195 197 193 384 362 405 354 299 389
1983 278 396 219 352 359 348 610 647 592
1984 167 289 82 189 188 189 566 650 532
1985 408 556 296 414 346 445 507 624 440
3by4 1 7 14 27 1 9 1 9 1 8 1 1 10 1 1
AVG 351 385 313 377 357 388 536 562 526

C MAIZE

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981 469 410 512 1661 1665 1658 2414 2313 2476
1982 88 74 104 1231 1351 1149 1231 669 1458
1983 413 553 246 910 1187 776 1244 1289 1226
1984 59 76 40 491 551 464 901 1196 829
1985 217 175 259 1194 1207 1186 967 1682 756
3by4 70 73 62 19 22 1 7 14 1 1 15
AVG 249 257 232 1097 1192 1047 1351 1429 1349
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D COlTON

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981 269 255 644- 445 772
1982 425 425 1056 858 1172
1983 124 124 994 763 1104
1984 911 773 957
1985 990 679 1041
3by4 1 1 10 12
AVG 272 919 703 1009
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RESULTS FOR AVERAGE LABOR PRODUCTIVITY BY ZONE, CROP

A MILLET

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 129 153 105 068 069 066 1 74 1 17 232
hIred 315 209 420 36 45 26 46 30 63
total 123 142 103 056 059 053 127 084 1 70

1982
own 062 065 059 039 035 042 069 085 053
hIred 219 162 276 44 45 44 1 7 19 14
total 060 063 058 035 032 039 049 059 039

1983
own 153 167 138 074 073 076 102 105 099
hrred 369 398 340 63 75 5 1 3 1 29 32
total 147 160 133 066 066 066 076 077 075

1984 .
own 027 036 018 029 o 19 039 134 107 1 61
hrred 378 220 536 101 101 101 16 16 1 7
total 027 035 018 028 018 037 073 064 082

I 1985
I own 028 033 022 068 077 059 1 15 107 1 24I I I

" hIred 1634 319 2948 160 184 137 49 48 50
I

total 028 033 022 065 074 057 093 088 099

3by4
total 54 46 74 24 37 1 8 10 12 9

AVG
own 080 091 068 056 055 056 1 19 104 134
hIred 58 26 90 8 9 72 32 28 35
total 077 087 067 050 050 050 084 074 093
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B SORGHUM

Sahellan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 115 103 128 085 089 081 191 167 214
hrred 406 158 654 73 75 72 49 42 56
total III 096 126 076 080 073 137 120 155

1982
own 041 049 032 057 053 062 075 067 084
hIred 393 144 642 67 66 68 23 25 22
total 040 048 032 053 049 057 057 053 061

1983
own 060 084 036 081 073 089 166 166 166
hIred 525 135 916 88 89 88 52 58 45
total 058 079 036 074 068 081 125 129 121

1984
own 041 069 013 032 027 036 125 138 1 12
hIred 117 40 193 66 70 63 30 26 35
total 036 059 013 030 026 034 088 091 085

1985
own 087 126 047 090 079 101 143 1 87 10
hIred 654 22 1 1087 153 166 14 1 62 62 62
total 083 120 047 085 075 094 1 15 144 086

3by4
total 16 1 3 28 25 26 24 14 14 14

AVG
own 069 086 051 069 064 074 14 145 135
hIred 42 14 70 89 93 86 43 43 44
total 066 08 051 064 06 068 104 107 102



C MAIZE

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 069 040 098 154 168 139 243 244 241
hrred 688 56 1319 95 85 104 19 16 21
total 069 039 098 151 165 137 214 2 12 217

1982
own 020 015 025 085 089 082 110 076 144
hrred 26 8 44 464 64 865 69 57 80
total 020 015 025 085 087 082 094 067 122

1983
own 088 1 14 062 269 223 3 15 225 241 209
hrred 48 48 208 131 286 179 118 240
total 087 1 12 062 265 219 311 196 200 192

1984
own 016 022 009 047 043 051 097 093 102
hrred 55 55 8 1 86 77
total 016 022 009 045 039 051 087 084 090

1985
own 035 026 044 1 78 164 192 151 207 095
hrred 41 70 12 38 15 60
total 035 026 044 163 160 166 138 182 093

3by4
total 54 5 1 69 59 56 6 1 23 24 2 1

AVG
own 046 054 048 147 137 156 165 172 158
hrred 152 22 272 163 71 253 18 11 24
total 045 043 048 142 134 149 146 149 143



"-

D CorrON

Sahehan Sudaman Gumean
All MAN AT All MAN AT All MAN AT

1981
own 029 025 033 074 067 082
hIred 40 74 06 47 37 5.7
total 023 024 022 064 056 072

1982
own 058 058 108 084 132
hIred 52 52 36 35 3.7
total 052 052 083 068 097

1983
own 029 029 1.54 108 199
hIred 79 79 44 33 56
total 027 027 1 14 081 146

1984
own 034 060 008 101 079 123
hIred 29 28 3 1
total 034 060 008 075 062 088

1985
own 023 036 010 174 1 21 228
hIred 19 19 96 94 99
total 023 036 010 146 107 185

3by4
total 15 13 1 7

AVa
own 035 040 028 ~~ 1.22 092 1.53
hIred 38 31 5 45 56
total 032 024 096 075 1 18
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CHAPTERS

THE DETERMINANTS OF TECHNOLOGY CHOICE

5 1. IntroductIon

The objectIve of the present chapter IS to develop a model that accounts for dIfferences

observed between manual farms and ammal traetlon (AT) users, as hIghlIghted m the foregomg

analyses In most studIes on prodUetlon, ammal tractIon or technology chOIce m general IS modeled

as a dummy_ vanable affectmg eIther the mtercept term or selected parameters The ImplICIt

assumptIon IS that the chOIce of the technology IS exogenous, 1 e not condItIoned by the explamed

vanable or other household characterIStICS such as household SIZe and mcome that may be present m

the model

Here we model produetIvlty m the framework of an endogenous SelectIVIty model The

selectIVIty modelmg rests on two hypotheses The first, WhICh we mamtam, IS that antmal tractIon

affects prodUctIVIty m a pervasIve way, that IS, It affects the values of most relevant parameters The

second IS that antmal traCtIon adoptIon IS a funetlon of key household charactenstics The modelmg

therefore COnsISts m IdentIfymg the determmants of technology chOIce and estImatIng the productIOn

models usmg that InformatIon ThIS chapter develops and estImates the technology chOIce model,

whIch IS then used m the next two chapters to proVIde consIstent estlmators for the relevant

parameters

In thIS chapter and the next two, models are estunated for two zones The first IS the Gumean

zone, whIch, as the prevIOus chapters showed, has the highest agrochmatlc current level and

agncultural potentIal The second zone groups the Sudaman and the Sahehan zones, and IS hereafter

referred to as the Sudano-Saheban zone Unless mIgration IS taken mto account, zone selectIon can

be farrly consIdered as mdependent from the household so that the usual statIstIcal properties hold for

separate subsample estlmatlon

The rest of thIS chapter proceeds as follows Section 2 presents the structure of the SelectiVIty

model Section 3 develops the bmary chOIce model used m the selection and sectIOn 4 dISCUSSes the

estlIDatlon ISSues related to thIS model In section 5 we valIdate the model by considermg Its aptness

to explam technology chOIce Section 6 concludes
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5.2 Structure of the selectIVIty model

The general objectIve IS to esttmate systems of productIon functIons and output supply and

Input demand functIons whIch may be cast m the followmg general form

(4-1)

where Yt and ~ are respectIvely a vector and a matrIX of explamed and explanatory varIables, {j IS a

vector of parameters and €t a vector of~omdlsturbances

These equatIons are estJrnated for each of two regunes representIng the status of technology

Regune 1 represents households that have adopted ammal traction (AT= 1) while regune 2 represents

mamJaI households, I e those USIng band tools (AT=O) It IS assumed that a household's deCISIOn to

select Itself mto one or the other regune IS the result of expected benefits Technology ChOice IS

modeled not as an mvestment model, but as a bmary chOIce model m the followmg way

(4-2)

•

where AT' IS an unobserved latent vanable determmmg households' technology chOice Thus, AT'

may be thought of as the expected benefit (known only to the farmer) of mvestmg m anImal tractIon

The observed bmary vanable, AT, has the value 0 for AT~O (manual households) or 1 for AT>O

(households haVIng actually chosen AT) W IS a set of household characternttcs hypothesiZed to be

correlated WIth adoptIon, and e a vector of parameters ThIS model allows the predIctIOn of the

probabilIty of adoptmg antmal tractIon, gIVen a household wIth characterIStics W

Once a household selects Itself mto one regune on the basIS of Its expectatIOns as to the

benefits of AT, It faces a gIven set of productIon relationshIps System (1) IS therefore rewntten for

each of the two regImes

y~ = j(xft, pi) + e~ (h=l,. ,NI) (4-3)

yi, = f(X;" p2) + ei" (h=l,.,N")

66

it



where the superscnpts 1 and 2 respectIvely refer to regune 1 (AT= 1) and regune 2 (AT=O), Nl and

N2 are the number of households m each group Note that the parameters are made to dIffer between

groups

One may consIder the estnnatJ.on of model (3) by part1tIonmg the sample mto the two groups

and runnmg separate regressIons for each group Unfortunately, the presence of equatIon (2) that

underhes the groupmg wIll lead to bIased estunates of the separate models (Heckman, 1976, 1979)

ThIS selectIon bIas results from the non-zero correlatIon between the error terms e1 and fl present m

model (3) WIth the dISturbance u m the selectIon rule (2) A consequence of thIS correlatIon IS that e1

and fl have non-zero expected values gIven (2), thus vlolatmg the least squares assumptIon that

guarantees unblasedness

The expressIon for the expected value of the error terms of (3) can be derIved If the Jomt

dIStrIbutIon of e1, fl and u IS known It IS customartly assumed that e1
, fl and u are Jomdy distrIbuted

as tnvartate normal In thIS case, the expectatIons are gIven by

where (Jl11=Cov(e1,u), (J2u=Cov(fl,u), t/J and ~ are the densIty and cumulatIve distribution functiOns of

the standard normal variable evaluated at the pomt wbte The expressIOns Mt=t/J/lf? and Mz=-t/J/(I­

~) are the mverse MIlls ratIos It IS apparent from the above that el and eZ wIll have zero expectatIon

only If they are not correlated With u, whIch would unply a non-endogenous sWltchmg between the

two regunes and JUStIfy the use of sunple separate subsample estImation

Heckman has proposed a two-step method to correct for the bias FlfSt, the bmary chOIce

model (2) IS estImated and the resultmg values of the vector e are used to compute the vectors of

mverse Mills ratIos, M1 and M2 Second, equatIon (3) IS estunated for each subsample by mcludmg

as regressors M1 m the AT subsample and Mz m the manual subsample Formally, the resultIng

system IS
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where VI and 2 have zero expected value, so that the resultIng estunators of pI and Pz are unbIased

5.3. A problt model or technology chOice

ThIS chapter specIfies and estunates the selectIVIty rule represented by equatIon (2) The two

most common models of bmary chOIce are 10gJt and problt We choose a problt selection rule to

model household technology chOIce here

Technology adoptIon at the household level IS a funet10n of several factors Access to credIt

or other forms of lIquidity COnstItutes a key factor, as shown by Carter (1989) for Nicaragua usmg

farm household data The present study POSits that household access to cash either through savmgs

(lIVestock holdmgs) or non-agncultural mcome IS a key factor enablmg households to adopt new

technology that are embodied In capItal Other household characterIStIcs Includmg the age of the

pnnCIpal decISion maker are also hypothesIZed to affect adoptIon

The form of the estImatmg equatIon IS

where U IS assumed to be normally dIStrIbuted WIth a umt VarIance The assumptIon of the umtary

VarIance allows an unambiguous IdentIficatIon of the p parameters, which are otherwISe IdentIfied up

to the scale parameter a2=var(u) The explanatory VarIables are defined below

SIZE IS the SIZe of the household, measured In terms of adult eqUivalents It IS hypothesIZed

that larger SIZes are associated With AT adoptIon

ROAD IS a dummy vanable representmg the faCdlty of access of the vdlage to regIOnal

centers through feeder roads, takIng on the value 1 for an easy access It IS expected that good road

access will enhance AT adoption

AT; = 80 + 8t NONFARM" + (}2SIZE1ll + 83ROAD,

+ 84AGE1ll + 8S TOP01ll + 86SOIllJIV1ll + u1ll

(4-6)
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AGE IS the head of the prmclpal decISion maker ThIS vanable IS expected to negatively

affect adoptIon, as older decISIon makers are lIkely to be less prone to mnovatIon

NONFARM IS the mcome from non-agncultural sources mcludmg mcome from hvestock,

measured as a cross-sectlon vanable by takmg for each household Its average annual mcome over the

survey perIod The measured thus obtained IS a proxy for permanent, expected mcome which

excludes accIdental year to year vanatIons We expect more non-agncultural mcome to be positively

related to technology adoptIon

TOPO IS an area weIghted average of plots' toposequence Households havmg access to

heavIer SOllS sItuated m the lower toposequence are lIkely to adopt antmal traetton TIus variable IS

therefore expected to be negatIvely correlated WIth adoptIon

SOILDIV measures households' land quality dIversIficatIon and IS computed by the SImpson's

mdex

SOlLDIV = 1 - E ( area of quallty I ] 2

, household I s total land area
(4-7)

We expect SOILDIV to negatIvely mfluence adoption of AT as It implIes many small plots and

diverse areas dIfficult to plow

In the Sudano-SahelIan zone model, a dummy varIable, SUDAN, IS mcluded to represent the

SudanIan sample ThIS varIable anns at capturmg average treatment dIfferences between the SahelIan

and SudanIan agroclImates

5.4. EstimatIon of the problt model

The data pertatnmg to the two zones defined for the purpose of analySIS (Gumean and Sudano­

SahelIan) are used to estnnate the model given by (4-6) Two ISsues were dealt WIth to guarantee the

small sample properties of the estImators

The first IS the problem of unbalanced sample The survey purposefully asSIgned an equal

number of households to the two technology strata, resulting m an over-representatIon of ammal

tractIon households m the sample The Mansla-Lerman method (pomer, 1981) was used to correct

for sample Imbalance The method asSigns the followmg weights to each subsample
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p
~ =...!., J = 0, 1

PJ

(4-8)

where PJ and PJ are the proportIons of households wIth technology J (manual or AT) m the populatIon

and m the sample respectIvely

The second Issue IS related to the proper treatment of nonfarm mcome There are mdeed

reasons to belIeve that nonfarm mcome may depend on household structure For mstance, larger

households may find It easIer to spare labor from croppmg and household chores to work off-farm If

nonfarm mcome IS endogenous, estunatmg equation (4) WIthout lDStrumentmg nonfarm mcome would

lead to bIased results Followmg Rivers and Vuong (1988), we tested the null hypothesIS of

exogeneity of the mcome varIable, usmg the followmg specIficatIon

10g(NONFARM,) = w,; n + 11"" (4-9)

where vrtt: contalDS, besides the nght hand vanables m equatIon (6), the followmg household

charaetenstIcs

- dependency ratIo

- dummy for smgle conjugal umt

- dummy for household head=head of compound

- average lIvestock assets per adult equivalent

- dummy for ethnIc group=bwa (only m Gumean zone)

The log-lmear specIficatIon assures that the predIcted values for nonfarm mcome are pOSItive

The least squares resIduals from the above equatIon were rescaled (back to the same umt as

NONFARM) and the result added as a regressor Vtt: to (6), gIvmg

(4-10)

where WI IS the vector of the regressors other than NONFARM m equatIon (6)

Under the null hypothesIS that NONFARM IS exogenous, p assumes the null value ThIS was

tested using a standard t-test on p, and the null hypothesIS was mamtamed for both study zones

Thus, nonfarm mcome is treated as an exogenous varIable m the rest of thIS study
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EstnnatIon was earned out usmg maxImum hkehhood on equation (6) The weIghts computed

m (4-8) were used to correct for sample Imbalance

5.5. VahdatIon or the problt model

The results of the ammal tractIon technology adoptIon model are summarIZed m Table 1 We

use several cntena to assess the adaptablhty of the model to the ISsue of technology chOice

The statIstical analysIS of the parameter estnnates shows that nonfarm mcome has a pOSItIve

effect on the probabilIties of adopting anImal tractIon technology m both the Sudano-Sahehan and the

Gumean zones These effects are SIgnIficant m the Gumean but not m the Sudano-Sahehan

The SIZe of the household measured m terms of actIve members has a posItIve and SIgnIficant

unpact on the probablhty of adoptIon m the two zones This suggest that beyond mcome, lal!0r

avaIlablhty IS an Important determmant of the adoption of an anImal tractIOn package Indeed,

empmcal mvestlgatlons suggest that households With four or less members may find It difficult to use

a tractIon eqUipment, thiS bemg particularly true for oxen traction (Sanon et al )

Road access has an unexpected negatIve Impact on the probability of adoption This effect IS

SIgnIficant m the Sudano-Sahehan, but not m the Gumean zone

The age of the household head has a negatIve Impact on adoption, With thIs effect bemg

SIgnIficant m the Gumean but not m the Sudano-Sahehan zone

Judgmg by the hit-mISS table at the bottom of Table 1, the variables mcluded are apt m

StratIfyIng the sample mto AT and manual farmers The proportIOn of correct predIctIon IS 74

percent m the Sudano-SahelIan zone and 69 percent m the Gumean zone The model IS however

more apt m predictIng the correct outcome for non-adopters (97 percent m the Sudano-SahelIan zone

and 95 percent m the Gumean) than for adopters (39 percent and 44 percent respectIvely m the two

zones)

We further examme the ImplIcations of the results by consldermg the combmed Impact of

non-farm mcome and household SIZe on the probabIlity of adoptmg anunal tractIOn We restrIct thIS

to the Gumean zone, where both nonfarm mcome and household SIZe have statlStlcally slgmficant

coeffiCIents The results m Table 2 show that the probabIlity of adoption mcreases substantially from

low nonfarm mcome, small farm sIZe households (08), to high nonfarm mcome, large farm sIZe

households (89) Among large farms, the probabulty of adoption almost doubles from 0 38 to 0 70

when one moves from the 5th nonfarm mcome percentlle to the 95th nonfarm mcome percentlle
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These results suggest that non-farm mcome IS the cruCIal Itquidity source for mvestment m

ammal traett.on, a relatively costly package for most farmers In fact, nonfarm mcome IS a substItute

for formal and mformal credIt to finance such capItal acqUISItIOn formal credIt mechamsms (such as

commercial banks) do not finance AT mvestments, nor does the cotton parastatal credIt scheme

(whtch IS mamly used for purchase of fertilIzer), nor does Informal credIt (from moneylenders m the

VIllage) to any SIgnIficant extent (ChrIStensen, 1989)

5.6. ConclUSion

ThIs chapter has developed a model that accounts for sample stratIficatIon mto manual and

ammal traet10n households The problt model was apt m modelmg technology ChOIce, as shown by

Its predIctIVe power The estImated parameters WIll be used to compute the mverse MIlls ratIos that

are used as regressors m the produCt1on models
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An astensk 0 denotes 81gmfieanee at the 10 %two-tallcd level or below

q,( ) 18 the IItlIndard oonnaJ. delUllty evaluated at He, With H held at the means of 1ta components (equatlon 4) The margmal.
effect (at the mean) of each household charactenabc on the probability of adoptIon 18 obtaIned by multlplymg the estunated
parameter by q,

Table 5 1 Probrt results for AT adoptIon

Gumean Sudano-Sahehan

Vanable Estunate Std error Est:unatc Std error

Intercept: -0404 0781 -0861 1 185
Nonfann o694E-06· o418E-06 0967E-06 o912E-06
SIZe 0143· 0028 0196- 00312
Road -0129 0269 -1 151· 0360
Age -o031S" 00148 -00116 00010
Topo -00703 0177 -0193 0292
Soddtv 00686 0178 -0224 0880
Sudan -0038 0288

Log likchhood -9819 -125 90
q,() 0360 0299

Percent of correct pre(!lctlona
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74 0 m Sudano-Sahehan
39.2 m Sudano-Sahehan
97 1 m Sudano-Sahehan

Overall 68 7 m Gumean
AT = 1 43 6 m Gumean
AT = 0 94 7 m Gumean



Table 5 2 Esnrnated probablhnes of AT adoption for dIfferent levels of nonfarm mcome and
household SIZe, Gumean zone

HOUSEHOLD SIZE
HOUSEHOLD INCOME

(F CFA) LOW (5 06) MEDIUM (8 69) HIGH (13 02)

5TH PERCENTILE (27,000) 077 183 389

25TH PERCENTll..E (83,553) 083 194 404

MEDIAN (152,883) 091 208 423

75TH PERCENTILE (343,552) 114 244 476

95TH PERCENTll.£ (1,193,669) 269 463 701

IDGHEST (2,200,000) 533 727 890
All other variables involved in the calculations (see equation 6) are held at their sample means

ROAD=O 439, AGE=50 31, TOPO=2 08, SOILDIV=0 339 The estImated probabIlIty at the
sample mean for all vanables IS 0 324
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CHAPI'ER 6

DETERMINANTS OF PRODUCTIVITY

6.1 introductIon

Smce the senes of farm management studies m the semi-and tropiCS of Africa m the 1960's and

19708 (e g Norman, 1973), land constraInts have mcreased m these zones formerly thought to be land­

abundant (MatIon, 1990), factor and credit markets have structurally changed, and nonfarm aettVlty by

farm households has apparently greatly mcreased to the pomt where m Burkma Faso, for example, It

constitutes about half of farm household mcomes and four-fifths of cash mcomes (Reardon et al , 1992)

Moreover, farm households, especially m cash crop zones, have mvested m agranan capItal formation,

particularly m anunal tractton We POSit that these changes should affect prodUctiVIty across farm types

and agroecologtcal zones, and make two contnbutlons to knowledge about determtnants of agncultural

producttvity m AfrIca m thIs chapter

Frrst, past studIes m the West AfrIcan semi-and trOPiCS (e g Barrett et al , 1982, and Jaeger and

MatIon, 1990) have eIther used only one or two years of data, or one agrOecolOgical zone, or an

aggregate crop category These have been lDStructlve, but have not been able to Inform the debate on

mtercrop dIfferences, especIally between cash and food crops, and on mterzone differences, which IS an

unportant element of current debate on agricultural research strategy In thIS chapter, we use a four-year

panel over three agroecologtcal zones, m Burkma Faso. stretchmg from low to hIgh potential areas, and

differentiate among the mam crops mcludmg the SubSIstence foodgralDS, mtllet and sorghum, and cash

crops, maIZe and cotton

Second, past farm-level productiVity work m Africa tended to use exogenous sample stratification

based on farm characterIStics - generally farm SIZe, use of antmal traction versus use of manual, I e

handtool, technology, access to credit, use of new seed varieties, land tenure status, and mcome stratum

In thIS chapter we follow past research by stratIfymg farm households accordmg to use of ammal traction

(a factor we expect to have SIgnIficant effects on structural prodUction parameters) Our contributIOn

relative to the approach taken m past studies, however, IS to endogenously stratIfy the sample usmg a

bmary chOIce model, an approach rarely taken m prodUctiVity research (With a few recent exceptions such

as Carter, 1989), and then esttmate prodUction functiOns, controllmg for selectIVIty bias

This approach also allows us to test the (mdrreet) effect of nonfarm mcome on productIVity
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6.2 Model

6.2.1 Model structure

The purpose of the model IS to explamproductiVIty dIfferences between farms and zones through

the role of agraflan capItal, ammal tractIon m the present case

We start WIth a produCtIon functIon WIth the goal of estunatmg margmal prOdUctIVItIes The

produetlon funeuon IS gIven m general form by

(1)Q' = F(X',Z~, I = 1, ,n

where Q' IS the output of crop 1 usmg a vector of variable mputs X' and fixed mputs Z'

through Its effect on technology chOice embodIed m agrarIan capItal acquISItIon The study of the effect

of nonfarm mcome on capItal acquISItIon IS not absent m earlIer work (e g Barrett et al , 1982, m eastern

BurkIna), but It has been relatIvely neglected m farm-level work, and generally neglected m aggregate­

level research, because of the ranty of rural nonfarm mcome data Yet thIS mtersectoral dImensIOn IS

lIDpOrtant. narrowly focusmg farm produet1VIty research on the farm sector means Ignormg the context

m whIch farm aet1VIt1es are Inserted rural households, whIch are wmultlSectoral firms", husband

resources over the year to produce a vector of farm and nonfarm outputs to maxumze food SecurIty and

mcome, and to manage rISk. Off-farm uses ofhousehold resources can compete WIth croppmg uses Yet

off-farm mcome can also mcrease farm productIVIty by proVldmg IIqwdIty where access to mput credIt

IS lImIted (common m West AfrIcan Seun-And TroPICS, see ChrIStensen, 1989) It can ease households'

access to improved productIOn technology, for example to the expensIVe anImal traCtIon package Smce

opportunIties to generate mcome from non-farm aet1Vlt1es are lumted, we POSIt a poSItIve effect for

nonfarm mcome m InVestment of anImal tractIon equIpment m Burkma Modelmg thIS effect m a

SelectIVIty framework allows nonfarm lIquIdity to enter the analySIS Without appearmg dIrectly m the

prodUCtIon functIon, It makes more sense that It affect the chOice of fixed mputs that m turn determme

technology, rather than drrectly mfluencmg output.

The chapter proceeds as follows In SectIon (2), the model IS dISCUSSed In sectIon (3), selectIVIty

regressIon results and margmal factor productIV1tIes are dISCUSSed
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6.2.2 RegresSion SpeCIfication

The produetton funetlon IS chosen to be quadratic, a representation fleXible up to the second

(3)

(2)

r i III i i q i i 1 11I
III i r ,

Qilt = Do + L aj.X1drt + L c,Zl/rt + - L L b;;Xfl,;XkJrt
l-I I-I 2 I k

1~~ I i I l~~, I I i
+ - L" L" giiXv,;zl/rt + - L" L" d;ZQ;Zrid + EiIt'

2 k I 2, r

h = 1, ,N t=l, ,5, 1=1, ,4

order

where I, h and t mdex respeetlvely the crop, the household and the year, and J, k, I the mputs There

are 4 crops (nnllet, sorghum, maIZe, and cotton) The vanable mputs mclude labor and fertlllZer, but

m unplementatlon, chemIcal ferttllZer was treated as a fixed mput because of non-varymg pnces over the

penod of observatlon The vanable labor mput IS an aggregate of fannly and hIred labor The Z-veetor

mcludes land, manure, ramfall, and toposequence as a proxy for land quality Manure was treated as

a fixed factor because It was essentially a non marketed good

EstnnatIon of (1) poses the problem of sunultanelty bIaS If the vanable mputs and the output

levels are sunultaneously determmed (Marschak and Andrews, 1944) To elumnate thiS bias, we Jomtly

estunate the production and the variable mput demand funetlons The mput demand functIOns are denved

under the mamtamed hypothesIS that farmers attempt to maxunJZe the returns to the fixed factors, and

are given m general form by

where PI IS the pnce of output I, and rJ the market prtce of vanable mput J

We POSit that one consequence of the use of anunal traetton IS to modify the structural produetlon

parameters m a slgmficant way Hence, we estunate (1) and (2) for two sub-samples AT and manual

farmers Smce AT ownership IS bkely to be dependent on household charactenstlcs, the sample

partltlonmg IS made endogenous by explaInmg the chOice of anunal traetton The framework of thIS

model was developed m Chapter 4
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The estImatIng form of equatIon (2) was denved from the first order COndItIons of profit

maxImIZatIOn usmg (4)

X• 1 ( • w. • K' , P' '101"\ •UtI = - -aL + - - gu 111 - gIF 111 - gUlJ.uN! + P.1II

b!.L Pit
(5-4)

J

7

where L, K, F and M stand for labor, land, chenucal fertthzer and manure Crop pnces and farm labor

wage are mcluded m the pnce varIable vector

The estnnated parameter values of the technology chOice model were used to compute the mverse

Mills ratIos M1 and M2 WhIch were added as regressors m (3) and (4) The resultIng system of equatIons

was estunated for each subsample usmg full InformatIon maxunum likelihood As the system IS nonImear

m both the VarIables and the parameters (the denved mput demand funetton IS nonlmear m the structural

parameters), only maxunum likelIhood estunators are known to be efficient.

All equations were estunated for each of the two zones (Gumean and Sudano-Saheltan) usmg the

data desCrIbed m chapters 3 and 4

6.3 RESULTS

6.3.1 The extent or selectIvIty bias

The mclusIOn of the MIlls ratIos m the regresSIOns IS mtended to correct for SelectIVIty bIas due

to endogenous sample selectIon The extent of bIas due to selectIVIty IS prOVIded by the coeffiCIents of

the mverse MIlls ratIOS The results are presented m table 1 These coeffiCIents allow the formulatIon

of counterfaetual statements about households behaVIOr were they to SWItch from one technology to the

other (see e g Shehata, 1991)

All selectIon coeffiCIents are negatIve (With the exception ofthe labor demand equatIon for nullet

m the Gumean zone), WIth half bemg SIgnIficant. A negatIVe seleet1V1ty parameter for manual households

means that had these households rather chosen to use AT, they would be producmg more and demandmg

more labor than the households presently usmg AT A negatIVe term for the AT group on the other hand

means that had these households chosen to use only manual teebmques, they would be producmg less and

demandmg less labor than the households presently usmg manual technology ThIS would be the case

ceterIS parIbus (1 e equal access to land and other Inputs)
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Overall, the SIgns and magnItude of the selectIvIty terms provIde a further JustIfication for the

use of an endogenous selectlon model m assessmg the Impact of technology on Sahel farm produettvity

To further valIdate the model, the AppendlX presents the calculated predIcted values of the labor demand

and output levels together wIth actual values One notes that, apart from the labor demand for AT nnllet

and the output and labor demand for manual matze, the predIcted values do not dIffer markedly from the

observed numbers

6.3.2 Margmal factor prodUctlVltIes

The parameter estlmates of the produetton funetlons are shown m Table 6 2 These parameters

are used to compute the margmal prodUctIVltIes to the fixed and varIable mputs Margmal products are

computed at the means of the VarIables, and are multIplIed by the average output pnces to obtam margmal

value products for each zone To assess the SIgnIficance of the margmal prodUetlVItles, the standard

errors of the prodUetlon coeffiCIents are used to compute standard errors for the margmal produettVltles

6.3.2.1 Sudano-Sahehan zone

The margmal value products, MVPs, of labor are SIgnIficant (table 3) In both crops, m the

traetlon group, the MVPs of labor exceed the average wage rate of 21 francslhour, while those of the

manual group are well below the wage ThIs ImplIes that antmal tractIOn makes labor more productIve

(twIce so) but there IS still an excess demand for It on tractIon farms, perhaps due to constrarnts m the

labor market (e g, because of temporal COVarIance over farms m labor use) The labor MVPs are faIrly

close across crops m both groups, suggestIng econOmIC ratIOnalIty m labor alloeatton

TractIon households apply much more manure, especIally on sorghum, as expected The

produetlvlty of manure on sorghum m the traetlon group IS actually more than m the Gumean zone, but

m neIther zone IS the effect of manure on sorghum statIstIcally slgrnficant Very httle fertilIZer IS used

on eIther crop

The AVPs of labor are well above the MVPs for all crops (although they are relatIvely close for

tractlon group sorghum) Note that thIS result IS not Imposed by model specIfieatton because concaVIty

was not unposed ThIS unplIes labor constraInt interestIngly, although the tractIon group's MVPs of

labor were much hIgher than manual group's, the AVPs of labor do not dIffer much between the two

groups

In the Sudano-Sahehan zone, antmal tractIon does not prOVIde much advantage m land
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prodUetlVIty at the margm (on the extra hectare) m the same way that It provIded extra productIVIty at

the margm for labor The MVPs of land are relatIvely close over all crops except manual group mIllet

which IS somewhat hIgher Yet sorghum uses more labor per hectare than does mIllet, for both groups,

and so the millet result IS not due to more labor alloCatIon to mIllet, nor to more femhzer or manure

applIeatlon, but perhaps to millet better adaptatIon m the face of clImatIc stress common m thIS zone

By contrast, the AVP of land IS unambiguously higher for sorghum than for millet, explIcable by the

greater labor allocatIon (about 20 percent) to sorghum as compared to mIllet (besIde more fertilIZer and

manure, albeIt at a low level, also bemg applIed to sorghum)

MVPs of land are well below AVPs of land for all but mIllet m the manual group, thIS makes

sense m that there are 11DlltS to fernIe land m this zone and much of the new land at the margm IS more

fragIle and of lower qualIty - an mdicatIon of a land constramt m this zone, corroborated for example

by Madon (1990)

6.3.2.2 GuInean zone

The margmal value products, MVPs, of labor are SIgmficant except that of maIZe m the manual

group In the traetlon group, the MVPs of labor exceed the average wage rate of 28 francslhour except

m the case of maIZe where they are equal, thIS mdleatmg a relatIve labor shortage Moreover, MVPs of

labor of the traetlongroup exceed those ofthe manual group, although they are relatively close for mIllet

TIus unphes that ammal traetlon makes labor more produetlve especIally m the labor-mtenslve crops As

m the Sudano-SahelIan zone, there IS an excess demand for labor on tractIon farms, agam perhaps due

to constramts m the labor market.

In the manual group, MVPs of labor are at (the case of mIllet and cotton) or below (for maIZe

and sorghum) the wage rate ThIS Imphes eIther excess supply of labor to these crops or a capItal

COnstraInt to make own-labor more productIve for maIZe and sorghum

The labor MVPs are faIrly close across crops m the traetlon group, suggesttng econOmIC

ratIOnalIty m labor allocatIon, perhaps due to greater fleXIbility m resource use afforded by traetlon They

are not close m the manual group (With mIllet and cotton close, but maIze and sorghum substantially less

than the level of the first parr) The average MVP for the traetlon group (32 francslhour) IS above that

of the manual group (22 francslhour), as traetlon IS labor-augmenttng TractIon households also apply

more manure Manure and labor have poSItiVe SIgnIficant mteractton effects m most of the estunated

models Manure IS mamly applIed on the cash crops (cotton and matze) and has a partIcularly strong and
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SIgnIficant effect on cotton m the tractIOn group, as shown m table 6 However, fertlhzer MVPs results

were posItive but unfortunately the standard errors are high and thus the results not statlsttcally

slgmficant

The AVPs of labor are about twice as high as the MVPs, agaIn a result not lIDPOSed by model

specificatIon because concavity was not unposed But the average AVP for the traction group (71

francslhour) exceeds that for the manual group (61), suggestmg higher overall labor effiCiency m labor­

augmentIng tractIOn technology, as expected

The MVPs of land vary by the labor mtenslty of the crop For tractIOn households, land MVPs

of cotton and mme are higher than those of mtllet and sorghum The average MVP of cotton and mme

IS at least four tImes that of sorghum and mtllet This mlght reflect (a) farmers' praetlce of growmg

mtllet and sorghum on lower quality land, (b) much lower use of fertthzer, manure, and hired labor on

mtllet and sorghum, and (c) poSSibly greater effort and management given to cash crops Thus, mtllet and

sorghum appear to be treated as subSIStence or "safety first" crops For manual households, the MVPs

of land for cotton, mme, and sorghum are higher than that for mtllet, probably because mtllet IS

allocated poorer land In the manual group, mtllet, but m the tractIOn group, both mtllet and sorghum,

are allocated margmal, low quality land

The MVPs of land for the labor-mtenslve crops (cotton and mme) for the tractIOn group IS more

than twice that of the manual group, given that labor and fertlllZer use by both groups IS stmtlar for these

two crops, the difference may be due to traction households' greater manure apphcatton, greater abilIty

to crop more fertlle (but heaVier, clay solls), and general greater effiCiency of land use

The AVPs of land agam vary roughly accordmg to labor mtenslty of the crop, With cotton and

maIZe higher than sorghum and mtllet for traetlon households, and for manual households, mme IS

highest, followed by cotton then sorghum then mtllet For all households, the AVPs are close between

the two cash crops and agam between the two subSIStence crops, but the average for cotton/mme far

exceeds that of sorghum/mtllet
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Table 6 1 SelectIVIty parameter estunates (standard errors m parentheses)

In productIon functIons (eq 5)

AT=1 AT=O

In labor demands (eq 6)

AT=1 AT=O

Gumeanzone

Parenthetical figures are standard errors
level

Sudaoo-Sahehan zone

Millet -210
(161)

Sorghum -410-
(248)

An asterisk (j denotes significance at the 10 percent, two-talled

r'

- ,

585
(166)
-690­
(252)
-180

(520)
-783
(489)

-522­
(318)
-174

(157)
-356

(558)
-426

(329)

-753- -322- -743-
(238) (131) (126)
-313- -574- -710-
(169) (147) (150)

-308­
(131)

-170(t
(546)
-318­
(119)
-410

(593)

-337
(412)
-442
(235)
-lOS

(133)
-403

(378)

Millet

Cotton

Sorghum

MaIze

For the interpretatIon of the results, note that the SelectIVIty parameter IS attached to a poSItive number
for the AT regIme and to a negative number for the manual regIme

,
I
z
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Table 6 1 Parameter ct1lma1ol (or production and 1ab« demand functlOlll0Wn_. AT 1U~le

MIllet Sor&hum Maize ColIAlG,
PamDeter S8 Parameter S8 Pamneter SB Parameter S8

Intercept 1m 9011 499' 1108 1610 785 6 1788 3091
Labor 600 01107 0617" 1440 90sa' 1840 779S 1498
Labor oquamI 18398-03 2860&04 '38'8-00 10788-00 1197&02 4896B-03 2010&m 601S&04

Labot*Land 0420 01476 2628 05918 9118" 1535 375OB-m 02898
La1lor*Fel11\lz 7772&m 9593&m 81248-00 1791B-m 485O&m 2919B-03
La~ure 7844~ 6668&04 1859&04 92068-05 2647&04 1339&04 ,n6B-05 5247&05
Land 5119 1461 -91 11 2053 7336 5334 168 4 .5024
Fertilizer 1257" 2140 1730 6146 '191 1741

~

, 309 6671

Manure 8536 8256 7383 '394 1m 1417 3647 2834
Ralnfall 1946 9652 1394 1473 1055 7879 1998 4053

Land Iquated 5215 389' -6044 6547 8463 n08 263 3 148 8

Land*Fertlbzer 3518 1819 8148 5521 0242 7804
Fert. aquared 0814 3104 03328 0760 2549B-02 6760B-02
Manure Iquated 93938-04 8572&04 6791B-05 1070&04 4301EX16 1374B-05 4083B-05 5607B-05
Manure-Ram 5718-03 01054 8157 '730&m 1715&m 1381E.Ql 3481E.Q) 3758&m
Fertlbz·RaIn 01389 064:16 05710 018.50 4046B-02 8683B-02
TOPO 7575 n70 54 47 1S28 4339 98 18 4918 4471
TOPO*Fertlbz 8654 1056 2694 1287 3558 1386

TOPO~ure 07Z23 1'12 01346 0617 02212 01663 2421B-m 04652

MilIa ratlo
Itt proeluctlm r 3367 4117 -4419 2349 104 7 1329 -403 2 3781
Itt labor demand 5217 3180 173 6 1570 3546 5582 -415 , 3290

R-tquared
.. preductlm r 53 50 61 79
m labor demand 16 7' 64 15

-
An aatenak (') den_ II&nifiCID06 at the 10 percent two-tatled level or below
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Table 6 2 Cent d r.ramoler OIItlmalCII ror produotlon and labor dOllWld runotlOOJ
Ouln_. manua).ub-.mple

MUlet Sorahum MaIze Cocton

Paramelor SH Parameler SB Paramoter SB Pamneler SH

Intercept 183 9 2695 2321 1102 3297 3200 1005 1573
Labor 538T 1118 4303 1176 4654 1412 4351 06300
Labor aquared 1375BC2 2025H-OO 6762B-OO 1317H-OO 49838-02 1571&m 2617H-OO 6489&04
Labor"Land 5752 1071 2961 06647 1 892 ron 1678 0469
Labor-Fortl1lz 0251 9447&02 3768B-03 4488H-03
La~Manure loom-03 7831&04 5123&05 1695&04
Land 1681 130 6 5271 3420 82 58 5?0 8 6853 4620
Fortilizer 2854 8621 1878 5898 06650 6365 7526 9135
Manure 0201 5626 4621 7352 2610 2061 4891 1 0406
Rainfall 1183 3208 4833 I \45 011101 3284 1 501 \968
Land .quared \061 \043 225 8 1444 1547 1574 1112 3425
LandoFer1lllz 2200 3565 4819 2526
Fert. .q..red 02729 6957 3019&m 01662
Manure .qlarOd 1506B-04 2306B-04 10388-03 1748H-03
Manuro"Raln 2ro6H-OO 1903B-03 1461&m ImB-02
Fort~ure 3995B-02 06710 0108 8135B-02
TOPO 2464 38 Sl4 6515 1140 2296 2024 4505 191 I
TOPOoF 01289 5533 1m 992\
TOI'O°M 02923 01745 1406 1101
101ootlon
In production r 3078 130 8 1699 545 7 318 3 1187 -.4098 593 \
In labor del1llllld 5854 \65 6 689 go 252\ \86 1 5199 7835 4887

R..qlarOd
In produotlon r 62 4\ 111 78
1ft labor demand 57 00 111 51

All uteriif (") den_ .IPilfiCll1lce at a;; 10 porcenl, two-iillleci levol or GOlow
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Table 6 2 Cool d l'atamdor eI1lmat.. Cor procluctloo ud labor dollllllld Cunct10111
SucIan~Sahe1lllll zone

AT "llHample , Manual "lb-tample

Millet Sorghum Mtllet Scqhum

I'ltam SB Pamn / SB Pamneler SB Parameter SB

Illlereept 2631 820 1 1918 1322 1840 3990 3625 2101
Labor 5750 1180 5849' 0922 4070' 05580 3386 02887
Labor "'luared 42558-(l3 9168B-<l4 2879B-OO 4770B-()4 9988B-OO 1320B-OO ro898-(l3 4mB-04
La~d 1183 0207 1044 02004 2998 03997 2.wo 02553
Labor-Ferttl 99211!-O2 2517B-02 6387B-m 19368-(l3 2038B-02 69708-03
~Manure 3272B-04 2215B-<l4 4511 1697&04 7938B-<l4 2339 81808-04 1647B-04
land 1450 77 81 170 1 154 I 1790 7577 1945 8105
Fert1hzer '('()45 7598 3430 2080 1 198 7717 1190 9283
Manure 3830 4453 3870 9961 6219 5653 1551' 4887
Ramrall 7132 1182 7743 2036 5326 6989 8652 4180
Land "'luared -4323 9906 2490 2607 8845 1706 1745 24 19
LandoFertl1tt 1496 2390 1 861 8234 1723 7707
Fert. "'luared 2150 4784 01617 0250 41251!-O2 0364
Manure l'luared 3803&06 3598B-04 97898-04 62538-04 9287&05 5134B-<l4 1983&04 3517&04
Manure"Ra1n 910'28-(l3 5104B-OO 1065B-OO 15148-02 11208-02 9931&03 26518-02 65718-03
Fert."RaIn 03956 07452 04561' 02722 03664 01523
TOPO lOSS 1912 6653 240 4 1189 7790 2594 3501
TOPOOf 8m 24 95 5508 4012 2156 2499
TOPOoM 2691 1127 0165 2355 05930 0707 3777B-02 0823
SUDAN 1076 3190 7407 533 I 9030 2333 3086 1715
Selectlon

1ft prodUcllOO r 210-4 160 8 -4099' 2484 753 I 2383 3133 168 6
1ft labor del!llllld 322 3 130 6 5742 1474 743 0 126 4 7100 150 2

R..'luared
1ft producllOO C 60 65 62 75
1ft labor del!llllld 67 72 71 80

All "leNk (') denolel l.gllificanCO al the iO percent, lWG-iaifed level or below
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Table 6 3 Marginal value products (evaluated at the sample averages of mput use)~ Sudano-Sabellan

,

Labor ~ per hour

Land~ per ha

Fertllizer~ per kg

Manure~ per kg

AT households Manual householdc;

Sorghum Millet Sorghum Mdlet

263· 286· 136· 13 6·

(372) (422) (1 64) (326)

138 7940· 9130· 16330·

(5800) (2900) (3490) (3020)

na na na na

129 988 -17 2· 910

(11 2) (7 35) (7 02) (7 09)
An asterisk n denotes significance at the 10 percent~ two-taileolevel-stinoard error
estimates are 10 parentheses
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TABLE 64 Margmal value products (evaluated at the sample averages of lllput usc). Gumean zone

Ammal tractton households Manual households

Cotton MlUZc Sorghum Millet Cotton MIUZCl Sorghum Millet

Labor, per hour 35 O· 284· 320 336· 286- 100 193- 288-

(426) (598) (5 10) (455) (420) (875) (587) (580)

Land, per ha 40040· 53800 10120· 5310 18440 15400 24670- 9230-

(14400) (30850) (4950) (5320) (24900) (27600) (9080) (5280)

Fertilizer. per kg 344 505 na na 920 170 na na

(99 6) (148) (200) (665)

Manure, per kg 631- 0450 480 na -263 0840 na na

(296) (0855) (337) (18 S) (2 11)

An astensk () denotes slgruficance at the 10 percent. two tailed level Standard elTOr estimates are III parentheses
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Table 6 5 Observed and predicted means of labor demands (hourslhousehold)
stratified by crop, animal traction and zone

Animal traction households Manual households

Observed Predicted· Observed Predicted·

Guinean zone

Millet 874 1340 441 460
Sorghum 1740 1890 909 686
MaIZe 399 431 153 929
Cotton 2390 2770 1190 1160

Sudano-Sahehan zone

• Millet 1910 2240 1130 996
Sorghum 1640 2220 711 587

I

I • Predicted values computed excludmg the mverse Mtlls ratios

I
I

88

l-- .:.,.\C,~\._,.



Table 6 6 Observed and predIcted output means (kgs/household) stratified by crop,

ammal traction and zone

Ammal traction households Manual households

Observed Pre,hcteda Observed PredIcted·

Gumean zone

I Millet 670 968 321 222

Sorghum 1620 1660 925 376

MaIZe 536 629 199 963

Cotton 2780 3140 888 756

Sudano-Sahelian zone

Millet 1190 1400 888 757

Sorghum
,

1050 1460 435 380

a Predicted values computed excludmg the inverse Mills ratios

I
I
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CHAPI'ER 7

MECHANIZATION AND SUPPLY RESPONSE and INPUT DEMAND

7.1. IntroductIon

In the last decade, poltcy reform and changes m the trade envIrOnment have led to change m

agncultural pnces m the Sahel as elsewhere m AfrIca. Yet export pnce mcrease WIthout suffiCIent farm

supply response at best reduces government defiCIts, but does not redress loss m export market share,

or lead to improvement m the trade balance Gram farmgate pnce mcrease Without suffiCIent farm supply

response at most mcreases rural mcomes but can reduce real consumer mcomes m defiCIt rural areas and

CIt1es Thus, the long-term success of polIcy reform such as the recent devaluatIon m the Sahel WIll be

condItloned by farmer supply response for export crops and foodgrams

While poltcy success depends on thIS responsIveness, relatively ltttle empmcal work has been

done m the Sahel, or elsewhere m AfrIca, on responsIveness of mdividual crops or of aggregate output

usmg fann-level panel data. Most work has been done usmg country-level senes In AfrIca and the Sahel

thIS has meant relative neglect of key non-pnce factors such as agroecologIcal zone dIfferences, and

changes m mfrastructure or technology that condItIon farmers' responsIveness to polIcy change (Ogbu

and Gbetibouo 1990, Chhibber 1989) Moreover, these non-pnce factors can be pnmary "polIcy levers"

to affect agnculture m an era when food markets have been lIberalIZed and pnces "freed", and m

countrIes that are pnee-takers for export crops

This chapter exannnes supply response to pnce and nonpnce factors by farms m three

agroecological zones of Burkma Faso m the first half of the 19808 (5-year panel, 1981-1985) We use

farm-level data for 150 farm households scattered over SIX vIllages We examme cotton (the major export

cash crop), maIZe (a potentIal cash crop and "mtensifieatIon" crop WIth good prodUctIOn-SIde prospects

(Matlon 1990), mIllet, and sorghum (the mam staple foodgrams)

Moreover, after BlDSwanger (1994) and Chlnbber (1989), we recogmze that a change m a

farmgate pnce followmg polIcy reform (such as an mcrease m the cotton pnce followmg Sahel

devaluatIon) could merely lead to a shift m crop mIX rather than an mcrease m aggregate output - hence,

we also examme aggregate supply response The latter IS relatively rare m farm-level studIes m AfrIca

Fmally, after Ogbu and Gbeubouo (1990) and Chhibber (1989) and Lele and BmdlISh (1989), we

recogmze that nonpnce factors mcrease m therr Importance as constramts to supply response the poorer
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the mcome and mfrastrueture of a country Moreover, Ogbu and Gbettbouo note that these factors have

been relanvely neglected m Afncan studies, and where they have they have not always targeted the most

tmportant constramts We expect, m pamcular, two sets of nonpnce factors to be tmportant m the Sahel,

and hlghhght them m thiS work (1) agroecologlca1 differences (by zone), MatIon (1990) leads us to

expect that responsiveness WIll be highest m the Gumean zone, the more-favored agrocltmaUc zone of

the West Afncan sew-arid trOpICS, With less response m the Sahehan and Sudaman zones, less-favored

northern and mtddle zones, because more constramed agrochmauca1ly (2) technology differences,

specifically aromal traction (AT) versus manual (band-tool) technologies The latter has been studied With

respect to yield effects (e g Barrett et al 1982, Jaeger and MatIon 1990) but has not been studied as to

Its effect on the supply responsiveness offarmers We hypothesIZe that Its ablhty to mcrease the fleXibilIty

of factor allocatIOn of farmers (e g m labor use for weedmg and planung) means that farmers can change

culUvated area or mtenslfy croppmg as econoDllc mcentlves change Other nonpnce variables that are

exannned m longer-senes, aggregate level work, such as research and development change or

mfrastrueture development, do not lend themselves to study With relatively short farm-level panel data

Our method IS to denve supply response from the esttmauon of a restricted profit function This

method has been only rarely apphed m AfrIca at least usmg farm-level data, mamly due to data

constramts (farm. surveys are usually only a smgle year), With the recent exceptIOn of Adesma et al

(1994) for nce farms m Cote d'!vorre, focusmg on landholdmg SIZe differences We endogenously stratify

the sample between AT and manual to compare responsiveness Companson of technology groups usmg

a profit function has not been undertaken m Africa, havmg been done only m ASia m Sidhu (1974) for

tractonzatlon

We proceed as follows SectIon 2 presents the conceptual framework, sectton 3, the model

tmplementatlon, sectton 4, results on supply response, sectton 5, fertl1lZer use funeuon results

7.2. Conceptual framework

ThIS chapter models supply response m the framework of an endogenous sample partlUon along

the lmes dIScussed m chapter 4 Sample strauficauon IS based on antmal traction ownership, which we

hypothesIZe as bemg an tmportant determtnant of supply response The model IS made up of a system

of mput demand and output supply funeuons denved from a profit functlon, and a problt selectton rule

which endogemzes the sample partltlon mto AT and manual households
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k = mput

I = output

(2)

(1)n(p,z) =Max (p.y IY € 7{z), Z € Z},

7.2.1 Dual approach

We use a profit functIon approach to denve the estJmatmg demand and supply functIons It IS

known that under certaIn regulanty COndItions, the profit functIon (dual) IS a suffiCIent statIStic for the

produetlon funetlon (pnmal) (e g Jorgenson and Lau, 1974) The mamtamed hypothesIS m thIS study

IS that farmers attempt to maxumze profit defined as the return to the vanable factors, labor m the present

case The restrIcted profit funetlon (Lan, 1976) IS defined as follows
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where y IS a vector of outputs (Yl> 0) and Inputs (Yl<0), P IS a vector of output and mput pnces, Z IS a

set of fixed or envIronmental factors and T summanzes the state of the technology constramed by Z The

elements m Z mclude, for Instance, ramfall, fixed land endowment, government polIcy, these factors

condition the level of profit WhIch IS attaInable by farmers

As defined, the profit functIon IS lmearly-homogenous m pnces For 'lr to represent a

competitive, profit maxImIZIng behavIor, further restnetlons mclude strIct conveXIty and second order

dIfferentIabIlIty If these condItions are met, the appheatIon of Hotellmg's lemma yIelds the supply and

mput demand functIons

These functIons are homogenous of degree zero m pnces follOWIng Euler's theorem Further, Young's

theorem unplIes that the matrIx of the partials of y With respect to p IS symmetnc

7.2.2 Functional form

The mathematIcal form of the profit functIon IS chosen to be quadratic, a second order

apprOXImatIon to the true but unknown technology Usmg a four-vector output, one vanable mput and

q fixed factors, the quadratic profit functIon IS
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(3)

(4)
'. = "I + I: 13".p/ + I3 rww + E Yir%r

J r

-L = "w + L P,.,PJ + p_w + E YwrZr
J r

where w IS the pnce of labor, the only vanable mput considered m thIS model

The features of the restricted quadratiC profit functIon that make It a good candidate for modelmg

productIon are Its self-duahty and the lmearlty (m the parameters) of the denved supply and demand

functIons Self-duahty tmphes that the productIon functIon consistent With the profit functIon IS also

quadratIc (Lau, 1976 and Shumway, 1983) Usmg Hotellmg's lemma, the output supply and mput

demand functiOns are as follows

where L IS the vanable mput

TheoretIcally, these functIons are homogenous of degree zero Unfortunately, and unlIke

competIng systems such as the translog, the quadratiC specificatIon does not allow the testmg of

homogeneity through stmple lmear restrictIons of the parameters Rather, homogeneity IS often Imposed

by treatmg one output (mput) as a numerarre and detlatmg other pnces by the prIce of the numerarre (e g

Huffman and Evenson, 1989, Shumway, 1983) The followmg symmetry restrIctions hold for the profit

maxmuzmg farm, and can be tested or Imposed m the estImation

(1) I3q = 13ft' (IJ=1, ,4; '*1) (5)
(2) Piw =: PM' (1=:1, ,4)

7.3. Model Implementatlon

The model IS estImated usmg the data described m chapters 2 and 3 Below, the variables and

the econometrIc estImation ISSUes are dIScussed
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7.3.1 Vanables

The output varIables m system (3) are the three selD1-subslstence foodcrops, sorghum, IDlllet and

maIZe, and the export cash crop, cotton These vanables are measured as total productIon per farm

household, m lalograms Output IS aggregated over all fields and field-owmng mdlvlduals m the

household The varIable mput equation uses total household labor, I e famIly plus hIred labor, as the

dependant vanable

The pnce vector InVolved on the nght side of (3) mcludes the pnces of the four outputs, and the

wage rate In the profit funetlon, the pnces refer to expected pnces For cotton, the pnce announced

by the parastataI marketIng company (SOFlTEX) IS used to represent the expected pnce by farmers The

parastatal announces Its pnce pnor to plantmg and tins pnce IS usually realIZed at harvest The three

food crops follow a dIfferent marketmg channel Although offiCial producer pnces are announced by the

food marketmg board (Office National des C~r6ales), such pnces are not effectIvely enforced as the

Office's procurements are not suffiCient to affect demand Therefore, the pnvate market pnces are best

mdIeators of pnces faced by the food crop producer One-year lagged market pnces are used to model

pnce expectatIons at the farm level

The fixed mput varIables m equation (3) (z-vector) mclude fertIlIZer, land, manure, and ramfall

Although fertIlIZer appears a pnon as a vanable mput, the parastataI marketmg system kept Its pnce

nearly constant over the penod of the analysIS Land was measured as total hectares farmed by the

household, mcludmg area under the control of the household head as well as mdIvIdual household

members' fields Manure was treated as a fixed factor as It was essentially a non-marketed good

The household charactenstICS contaIned mthe H-vector used to model technology ChOIce (equation

6) mclude nonfarm mcome, household sIZe (measured as the number of adult labor eqUivalents), the age

of the household head, a dummy for road access (near-to-surfaced road, far from), and two technIcal

vanables as proXies for land qualIty and land dlVersIficanon Nonfarm mcome was measured as a cross­

section exogenous vanable, I e a constant average over the study penod per household Because

nonfarm mcome may also be affected by technology, a test of endogenelty was performed but faIled to

reject the null hypothesIS of exogenelty

7.3.2 Econometnc estimation

For estImation, addItive error terms were appended to each eqUatIon m system (3) The mverse

MilIs ratIos computed from the results of chapter 4 were added as regressors m the supply and demand
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funCt10ns to correct for selectiVity bias, and the models were estunated for each subsample Several

ISSUes related to proper estimatIOn of the demand-supply model are discussed below

The theoretical model ImplIes that the supply and demand equations are homogenous of degree

zero and that the matrIx of pnce parameters IS SymmetriC The symmetry restnCt10ns (5) were tested,

usmg the Wald test which follows a chl-squared dlstnbution under the null hypothesiS Homogeneity was

tmpOsed by dlvldmg all pnces by the wage rate The resultmg system was estImated Without the labor

demand equation The parameters of the pnce vanables m thiS equation can however be recovered by

usmg the parameter restnCt10ns which result from homogeneity and symmetry

The error terms m the supply-demand system follow a SUR-type structure When cross-equations

restnCt10ns are tmpOsed (such as the ones Imphed by symmetry), the effiCiency of the parameter estlmates

can be Improved by takIng the cross-equation COVarIance matrIX mto account An iterative generalIZed

least squares method was used m the estImation Because the added regressors (MIlls ratios) were

esttmated, the resultlng SUR-estunators are asymptotically effiCient

7.4. Results

7.4.1 Supply response

The symmetry restnctlons were tested first Without homogeneity, and second With homogeneity

tmpOsed The first test led to the overall rejection of the null hypothesiS that symmetry holds However

With homogeneity Imposed, the null hypothesiS of symmetnc parameters could not be rejected m the

Gumean zone (for both AT and manual sub-samples) Symmetry was rejected m the Sudano-SahelIan

zone m either specification (see Table 7 3 for the results) These test results support the hypothesiS that

farmers m the more commercial, cotton zone behave m a way more consistent With profit maxmnzatlon

than farmers m the more arid, more food-eroppmg onented zones

Before dlScussmg the results on supply response, we note that the coeffiCients of the selectlVlty

vartables are highly slgmficant m the maIZe and cotton equatiOns m the Gumean zone for AT households,

and m the sorghum equation for the manual households In the Sudano-Sahehan zone, the selectlVlty

parameter is SignIficant for the mtllet and the sorghum eqUations among manual households, and for the

sorghum equation for AT households Overall, these results further JUStify the need to correct for

seleettvlty bias m the estimation on stratified samples, 19nonng thIS correction would have mduced bias

m the estimated parameters
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7.4.1.1 Own-pnce effect

The magrntude (and occasIOnally the SIgn) of pnce response vanes between zones and between

manual and AT farms In the Gumean zone, all pnce elastiCIties are pOSItive except for maIZe (fable

7 4) The result for maIZe IS surpnsmg, but the coefficIent IS lnghly InSIgnIficant (see Table 7 3),

suggestIng a statlStIcallack of response

The own-pnce effect IS hIghly SIgnIficant for cotton m the Gumean model, and translates mto a

strong and posItIVe response to pnce judgmg by the elastiCIty Note that over the study penod, the cotton

pnce mcreased from F CFA 55 to F CFA 89, With a mean of 68 5 (Table 7 1), provldmg enough

vanatIon for the proper IdentificatIon of the pnce effects The response IS larger for manual household

(1 78) than for tractIon farmers (0 92) Although tractIon households may have the means to react m a

more flexible way to econOmiC mcentIves, the large difference m the average scale of operation between

the two groups (the tractIon group produces three times more cottonper farm than the manual-Table 7 1)

can account for the higher relative margmal response of the manual farms Usmg the elastiCity and the

results on quantItIes produced (fable 7 1), the absolute margmal response to a 10 percent cotton prIce

mcrease IS 256 kg for AT farmers and 158 kg for manual farmers The higher relative response of the

manual farms also may be explamed by the VarIation of the number of cotton growmg farms 22 m 1982,

19 m 1983, 15 m 1984 and 18 m 1985 In contrast, the number of cotton grOWIng farmers among AT

households has fluctuated less 24 m 1982 and 1983, and 27 m both 1984 and 1985

In the Gumean zone, the two staple food crops, nullet and sorghum, have posItive but statIstically

non-slgmficant response to own pnce MIllet elastiCIties m both AT and manual groups are larger than

sorghum The difference IS particularly large m the tractIon group (2 14 for mIllet, 0 54 for sorghum),

reflectIng among other thmgs the greater ease for ammal tractIon farmers to bnng mto cultivation

addItIonal millet land m response to econOmiC mcentIves such as pnce mcreases Sorghum land IS more

IImlted, and an mcreased supply would probably have to result from mtensmcatton

Results for the Sudano-Saheban zone suggest that only sorghum m AT households has a posItIve

(but not statISlical1y-slgmficant) supply response to own prIce Millet m the two groups, and sorghum

m the manual group, have negative supply response These responses are statIstically SIgnIficant m the

manual group but not m the tractIon group The negative responses m the manual group and the non­

Slgmficant responses m the AT group may stem from the way farmers manage mk m an and

envrronment. FolloWIng a dry season (WhIch ImplIes Iugh pnces for the resultIng crop), farmers plant

less surface area. The sample results do seem to support thIS hypothesIS, as total area planted by AT

farmers increased from 7 71 ha m 1983 (a good year) to 8 98 ha m 1984 (a bad year) then decreased to
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796 In 1985 (a good year) The same observation IS true for manual farmers, whose response IS

however less sharp due to lesser adaptablhty (Table 7 5) The results thus seem to mdlcate that after

controllIng for structural and enVIronmental factors Includmg ramfall and land, pnces have hmIted effect

on AT farmers In the Sudano-Sahehan zone We used a Wald test to Investigate the additIonal effect of

pnces In the AT group once these structural vanables are m the equatIon The null hypotheslS of thiS

test IS that pnces are Jomtly non-slgmficant, and It IS dIStrIbuted as a chi-squared With 2 degrees of

freedom (there are two pnce terms m the Sudano--Sahehan model) The computed statistiC of 8 56 rejects

the null hypothesIS Therefore, although pnces are mdlvldually non-slgmficant m the AT sub-sample,

they do Jomtly contnbute to shape supply response

7 4.1.2 Crop complementanty/substitutablhty

The cross-pnce elastlcmes Indicate farmers' arbitrage between crops given a change m relatIve

pnces Of particular tmpOrtance are the pnce relationships between cash and food crops In the Gumean

zone Because symmetry was unposed (as a result of the test), the Sign of the cross-pnce relationship

between two crops IS the same In either drrectIon, and only the magmtude changes Thus, results show

that cotton IS a substItute With respect to mIllet and sorghum and a complement With respect to maIZe m

the tractIon group, With results statlStlcally Slgmficant When the pnce of cotton Increases by 10 percent,

the supply of mIllet and sorghum decreases by 22 9 and 9 6 percent respectively, whIle the supply of

matze Increases by 9 percent. The mcrease In the pnces of the cereals has slIDllar SymmetriC effects on

cotton supply, With much lower magmtudes The results are compatible With the hlstoncally-observed

complementanty between matze and cotton m the cotton zone of BurkIna Cotton and maIZe are grown

In rotation, With cotton benefittmg from the orgamc matter generated by the maIZe residues, and maIZe

benefittmg from the residual chemIcal fertIlIZer applIed on cotton Rotation mvolvmg cotton and sorghum

IS also recommended by agronomISts, but thIS IS generally not followed by farmers who find sorghum

non profitable due to consumers preferences for other crops, and are ready to take land out of sorghum

and mto cotton or matze followmg good prospects on these markets The results also show

complementanty between millet and sorghum, but show subsututablhty relatIOnships between maIZe on

one hand, and mIllet and sorghum on the other I

, "J H

I The results of consumption studies m Burlana (Reardon, ThlOmblano and Delgado, 1988) found
substitution between maIZe and mIllet/sorghum, With an elastICIty of0 6 These consumptIon results have
pohcy relevance as they pomt to the dIlemma of enhancmg the productIon of maIZe, a crop WIth better
produeuon prospects under moderate mtensIficatlon than mIllet or sorghum To get the requrred

97



ComplementarIty relationships are all different for the manual group m the Gumean zone Here.

all cereal crops are competmg With cotton Thus. a 10 percent mcrease m the pnces of mIllet, sorghum.

and matze lower the omput of cotton by 2 2, 8 6, and 2 4 percent, respectJ.vely On the other hand, a

10 percent mcrease m the pnce of cotton decreases the supply of mIllet, sorghum and maIZe by 6 7, 9 8,

and 14 1 percent, respectIvely These results pomt to lower flexibIlity of manual farnung The trade-offs

between crops are clear, as technIcal factors do not allow a conCOmItant mcrease m the production of all

crops followmg a change m relative pnces In fact, only maIZe and sorghum are complementary for the

manual group Supply response at the more aggregate level IS addressed below

7.4.1.3 Non-price respome

Table 7 6 presents the elastiCIties of supply wIth respect to non-pnce factors One observes

lDlportant dtfferences between zones but, m contrast wrth the effects of prices, the differences between

manual and traction households are not m general very large

The household's total land area has a posItIve effect on the supply of most crops (except maIZe)

m the two zones In the Gumean zone, the Impact ofan mcrease m farm SIZe IS strongest for mIllet, WIth

an elastiCIty exceedmg one for both AT and manual households ThIS agrees With observed practice of

the farmIng system, where area expansIOn IS lIkely to mvolve margmal, less prodUctive land winch IS

usually allocated to millet. Farm expansIOn also benefits sorghum and cotton for the AT groups, and

additIonally matze for the manual group The smaller elastiCity for cotton m the manual group (0 34

agamst 81) IS compatible WIth a "safety-first" behaVior m that group, where area extensIOn auns first at

guaranteeIng food production. The negatIve and lDSlgmficant response for maIZe m the AT group

suggests that over the period of analySIS, maIZe benefitted lIttle or not at all from farm area expansIOn

In the Sudano-Saheltan zone, both mIllet and sorghum respond posmvely to area expansIOn, With

elastICItIes rangmg from 0 64 (sorghum m manual group) to 0 95 (millet m AT group)

The results for fembzer conform to expectations m the Gumean zone The cotton parameters are

hIghly Slgmficant for both AT and manual groups The parameter for maIZe IS margmally Slgmficant

(13% level) in the AT group, but negative m the manual group Cotton and matze are the roam

substitutIon in produeuon would requrre raISmg the matze pnce which may m t1IfD drive down the
consumption of maIZe, the 'food pnce dilemma' of TlDlDler There IS hence a need to mvest m key
ServIces (processing, transport) m order to SImultaneously mcrease the profitabIlIty of matze to
smallholders wlule making It affordable to consumers
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beneficlanes of additional fertilIzer, With elastiCItIes of 0 55 and 0 84 for cotton m the AT and manual

groups, and 0 34 for maIZe m the AT group The elastiCItIes for mIllet are negative and SIgnIficant m

the Gumean zone, suggestmg that mtllet does not benefit from fertilIzer These results agree With the

observed farmmg system, as they tend to mdlcate that when a farm acquIres additional fertlhzer, thIS IS

hkely aImed at mtenslfymg the produetlon of the cash crops (cotton and, to some extent, maIZe) With

other resources bemg lumted (land, labor), there IS a tradeoff which tends to lessen the relative

ImpOrtance of the foodcrops (sorghum and nullet) The response of nullet m the Sudano-Sahehan zone,

and of sorghum m both zones, are econOmIcally InsignIficant (elastiCIties less than 0 1 m absolute value)

Manure use seems to benefit matze mostly, With elastICltles of 0 30 and 0 24 m the tractlon and

manual groups, m the Gumean zone Hypothetically, farmers who mcrease theIr use of manure are

concentratmg on maIZe produetlon (agronomIc results tend to support thIS) to the detrIment ofother crops

However, cotton follows matze m the rotabon system, and thus benefits from the residual effects of

manure ThIS may explam the posItIve but nonetheless non-slgnIficant cotton elastiCity With respect to

manure The effects of manure are econOmIcally lDSlgnIficant m the Sudano-Sahehan zone, for both

tractlon and manual groups (elasticItIes less than 0 1)

The Impact of ramfall IS, as expected, strongly posItIve for nullet and sorghum m the Sudano­

Sahehan zone,'where water IS a major constraInt. ElastICItIes for nullet exceed 3 and for sorghum 15

m the two sub-samples The margmal effect of ramfall IS lower m the Gumean zone, where responses

are negatIve for cotton m the AT group, and for nullet and matze m the manual group The results tend

to confirm that water IS not the mam constramt m agncu1tural prodUctlon m the Gumean zone

The analyses show that both pnce and non-pnce factors contribute to affectmg supply response

m the two zones We did a Wald test to assess the relative Importance of pnce vs non prIce-factors

The null hypothesiS that non-pnce factors do not have any additlonal Impact (when the effects of pnces

are already taken mto account) was overwhelmmgly rejected, m all zones and for the two technologies

The chl-squared statlStlcs With 16 degrees of freedom were 327 and 382 for the AT and manual sub­

samples m the Gumean zone, and 168 and 473 m the Sudano-Sahehan zone We also compared the

relative contribution of the two groups of factors to the reductlon of unexplamed variance of the

dependent variables The resultmg R-squared staUstlcs are presented m Table 7 7 The results show that

on average, non-pnce factors contnbute more to explammg the observed vanatlons than do the pnce

factors The most strIkmg result IS Gumean AT, where non-pnce factors account for 64 percent of the

vanance of cotton agaInst 2 percent for the pnce factors ThIS IS not to be mterpreted as pnces bemg

meffeetlve m shapmg the response of cotton farmers The analysIs of elastiCIties showed strong and
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sIglllficant pnce elastIcmes for cotton What the result underscores IS that beyond pnces, other factors

such as adequate fertIlIzer dIStnbutIon pohcles are unportant In gettIng the expected Increases In cotton

productIon follOWIng the advent of econOInlC IncentIve polICIes

7.4.1.4 Aggregate Supply response

The foregOIng analyzed partIal supply response, and suggests that the most commercIal IndIVIdual

crops do respond to pnce IncentIves We further InVesttgated the response of aggregate supply at the

farm level. KnOWIng the response of aggregate supply IS unportaDt, as thIS IS what determInes overall

growth (Bmswanger 1994)

A measure of aggregate output at the household level was obtaIned by deflatIng the total value

of productIon by a weIghted geometnc pnce Index One unportant polIcy questIon to examme IS the

reactton of aggregate farm level output to the change In the pnce of IndIVidual crops, for example, the

cotton pnce Increase from the recent devaluatIon ofthe franc CFA Aggregate output IS regressed agamst

mdIvulual crop pnces along WIth the non-pnce factors The results are presented In Table 7 8

For GUInean zone AT farmers, the pnces of cotton and maIZe have a posItIve (although not

statlStIcal1y-slgmficant) u:npact on theIr aggregate output, WIth elastICItIes of 0 22 for cotton and 0 47 for

ma.IZe ThIS seems to mdIeate that the mam commerCIal crops may contnbute to IncreasIng aggregate

productIon In response to favorable pnce polICIes One notes that the response of aggregate productIon

to the change m cotton or maIZe pnce IS negative for the manual households, mdIeatmg that these crops

do not play the role of "engme" crops for thIS group Rather, mIllet (WIth a Slgmficant coeffiCIent) and

sorghum are the leader crops there, WIth pnce elastICItIes of 0 83 and 0 12 Among the non-pnce

factors, one notes the role of land for both AT and manual groups In the AT group, the land elastICIty

of aggregate response IS 0 71 Thus, In relative tenns, aggregate output goes up less quIckly than total

land, winch IS compatible WIth. the hypothesIS that area extensIon Involves bnngmg Into cultIvation less

productIve land

Aggregate supply response results In the Sudano-SahellaD zone seem to IndIcate a posmve Impact

of the millet pnce, and a negatIve Impact of the sorghum pnce Pnce elastICItIes for millet are large for

both AT and manual farmers DespIte these statIstIcally Slgmficant elastICItIes, one should be cautIous

about concludmg that pnce polICies m the more arid, Sudano-SahelIan zone could SIgnIficantly enhance

overall agncultural produeuvtty The natural constraints (water, soil qualIty) will quIckly overcome any

attempt to raISe produet1VIty through some type of pnce polIcy (see Matlon, 1990) The results on land

also tend to mdlcate that margmalland brought mto cultIvation IS of lesser qualIty, as aggregate output
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goes up more slowly than land area

7 5 Fertilizer demand

The fertIlIzer demand equation was not estunated m the framework of the present model due to

msufficlent fertilIZer pnce variability However, beyond pnces, many factors concur to determme

farmers' demand for fertilIZer The results below draw heavl1y on Reardon et al (1990) who stress the

unportance of non-pnce factors m fertilIZer demand

Among non-pnce factors, cash mcome IS hypOthesIZed here to be a major determmant of the

demand for ferttlIZer It IS further hypothesIZed that there are separate effects on fertilIZer purchase of

croppmg (gram sales) and non-farm mcomes because the tmung of mcome generation matters for the

availability of hquldlty to purchase mputs This IS based on three factors (I) The tmung of the mcome

receipts from croppmg and non-farm activities IS different m Burkma (non-farm mcome IS earned mamly

m the post-harvest dry season, nearer to the moment of purchase of fertilIZer at the end of the dry season,

whIle most croppmg mcome m the form of cash IS earned dunng or fight after harvest) (11) Most

household crop output IS stored or home-consumed, and IS only a mmor source of cash (m) The capital

market IS underdeveloped The latter pomt explams m pan the role of non-farm mcome as already

hlghhghted m chapter 4

The mc1uslon of mcome and capital assets m the fertilIZer use function has been mfrequent m the

hterature, especially for developmg countnes It began as a subject of controversy m the 1950's TImmer

(1974) Cites Griliches's (1959) argument that "there IS no good theoretical reason for mcludmg mcome

m the demand equation for a factor At least It IS not denvable from the traditIOnal theory of the firm. If

TImmer shows, however, that Griliches's pomt holds only for unconstramed profit maxlmlZatlon - but

not m the presence of a hqUld capital constramt, which typifies situatlons where the capital market IS

underdeveloped, such as m the WASAT

SIX groups for a total of 12 variables are hypothesIZed to determme the demand for fertilIZer and

manure mcome, assets, pnces, nsk, land quality and lOStltutlOnal factors The model IS run for the

Gumean and Sudaman samples, as httle fertllIZer IS used m the Sahehan zone The results of the

regressIons are presented m table 7 9

One notes the InSIgnIficance of the pnce variable (the pnce of fertilIZer deflated by the pnce of

nullet) m both the Sudaman and the Gumean zones Agam. the low variability of the fertilIZer pnce may

explam thIS result The non-pnce variables on the other hand contnbute much to explammg fertIlIZer

demand
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In the Sudarnan Zone, the demand for chemIcal fertIlIzer ]S bemg pos]uvely dnven by nonfarm

mcome, croppmg mcome, lIvestock, land area, manure used the preVIOUS season, and road proximIty

However, only the effects of nonfarm mcome and ro2d proXlDllty are StatIStlcaUy SIgnIficant FertilIZer

use IS negauvely dnven by nskmess as measured by ramfaIl variability, with an lDSignIficant coeffiCIent

Farms WIth soIls of lesser qualIty seem to use more fertIlIZer, although the coeffiCIent IS not SIgnIficant

ThIS would mdlcate the awareness of farmers of the land qualIty problems

In the Gumean zone, road access and area planted m cotton are the two poSItive factors of

fertIlIZer demand The stnkmg and mteresttng result IS the lack ofSIgnIficance ofnonfarm mcome This

IS compatIble WIth the hypothesIS that the capItal constramt that exISts for the case of ammal tractIon

adoptIon 15 overcome m the case of fertIlIzer Cotton growmg farmers (i e more than two thIrds of the

sample) are able to obtam fertIlIZer Via the cotton parastatal as a short term credit, unlike the case of

longer term InVestments
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Table 7 1 Sample means of the varIables

Gumean zone Sudano-Sahehan zone

ALL AT=1 AT=O ALL AT=1 AT=O

Output (kg) ,
MIllet 499 670 321 1,189 888
Sorghum 1,280 1,622 925 1,048 435
MaIZe 370 536 199
Cotton 1,852 2,783 888

Labor (hours) 4,068 5,399 2,690 3,653 1,886

Prices (F CFAlkg)
MIllet 636 71 0

(40-85) (40-120)
Sorghum 588 764

(40-81) (40-108)
MaIZe 525

(40-68)
Cotton 685

(55-89)
Wage rate (F CFAlhour) 259 215

(16-39) (8-43)

Fixed Inputs/environment
Land (ha) 6 1 83 39 57 79 42

FertilIZer (kg) 2466 3474 1422 257 455 126
Manure (kg) 5,6952 10,1420 1,0907 1,5030 2,3200 9608
Ramfall (mm) 7790 4650

Household characteristIcs
Corrected SIZe 104 136 70 82 115 60
Nonfarm lOcome (F CFA) 326,110 0 456,1700 191,4500 113,1600 154,3800 85,8360

Numbers in parentheses are the minimum and maximum sample values of the price variables
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Table 1 2 PInmetet 0Il!mIteI. I)'IIIllIelry ael homoptelty \mpoIecI
• aum-_

MIllet

Parameter sa

A.T~

CClIIIlInt 879 54 1221
PrIce m1Det 55332 397 3
PrIce lOrIhum 11829 2404
PrIce maize 57794 2448
PrIce C<IUm $472S' 2122
.....eI 1287T 2795
Fertilizer I 1561 04805
Mmllnl o11a-03 0 588-02
Ra!nrall 108 104
Selectivity (MIl 16231 1618

R-oquarecI 032

Walel Ilatlatlc'
(lto oymmetry hola) 878 (dt-6 ,-0 Ig,l

Manual -.npIe

CClIIIlInt 47124 5435
Price millet 58640 163 5
Price lOrIhum -63 864 1052
Price maize 88291 9960
PrIce C<IUm 76247 8600
.....eI 11214 2045
Fertlbzer o36758 0 2752
Me,,", 0002:3 0018
RaInfall 00249 04641
Selectivity (M2) 11376 1522

1l..'I"lrecl 038

Walel .lathtlc'
(Ho oymmelly holdl) 905 (elf-6,p-0 17)

Sor&hum Maize Collon

Parameter sa Parameter sa Parameter sa

89510 1169 $3328 8416 1094 1 1608
11829 2404 57794 2448 $4125 2122
36>33 27S8 177 48 264 1 556 2:3 1872
177 48 2641 3600!> 3612 17150 156 4

556 2:3 187 2 17150 156 4 91818 273 9
11463' 3333 21 491 2038 273 7T 4722

045032 0$601 053140 03518 43918 079
0025 0108-02 00159 0448-02 00051 00097
0019 1055 0077 075 36398 1443
13546 193 8 29218 1180 72264 2747

040 029 067

83258 7421 290 93 355 3 953 36 7074
63864 1052 88291 9960 76247 8600
110 28 143 8 11401 1055 32133 100 5
11401 1055 48387 145 1 99089 M66
32133 1005 99089 M66 558M 125 0
73393 31S8 18843 1444 76984 3491

061936 0 Sl32 .() 32884 o1933 52202 04624
0.()045 0 0335 0044 0013 000436 0030
015402 01055 0070 03146 0283 OM2
16013 2873 33871 1080 54728 2614

050 029 078
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T.b1. 7 2 (Coat'&!)

" Sudano-Sahalillll zona

AT IIllHample Manual lIl"-mple

MIllet Sor&hum MIllet Sor&hum

Pamnelclr SB Paramelclr SB Paramelclr SB Parameter sa

e-- 30329 5620 25240 6447 1745 9 227 5 10755 1214
PrIce mUlct 72995 100 7 40 823 1126 21314 8661 18784 673 4
PrIea-abum 40823 1126 15600 1547 18784 613 4 -403 76 7142
LaIId 14196 22 62 12153 24 58 18813 2145 66822 11 49
Fertlllzer 034300 05975 034255 06488 2253'- 1361 19605 07266
Manure 0043 0028 00207 00307 0064 0029 0020 0016
Ramta11 8680S' 09478 35084 1033 5 814S' 0 5095 15578 02738
Sudan 23184 3391 631 '¥1' 390 7 13748' 2610 -68399 1458
Se1ectlvlly (MI M2) 57632 1337 322 64 144 9 365 21 229 6 55977" 123 6

Il-oquared 056 052 057 067

Wald IlatlJdc'
(80 aymmelry hal"') 8042 (cit-I p-OO(4) 29 89 (dr-I p-O 000)

a The Wald test applIes to the whole system of equatIons wlthm any given sub-sample

Starred coefficients (*) are Significant at least at the to-percent, two-tailed level
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Table 7 3 Price elasttcltles of IUpply

a SudllJ10 Sahenan zone

AT Mnnunl

Symmetry and homogeneity

Price mtllct Pnce IIOrghum

Homogeneity without symmetry

Pnce millet Pneo sorghum

Symmetry and homogeneity

Prioe millet Pnoo sorghum

Homogeneity without symmetry

Pnec ml1lot Pnce sorghum

Millet

Sorghum

003

017

015

067

097

1 35

135

076

106

084

1 18

061

027

100

1 87

1 75

079
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Table 7 3 eonttnucd

b Gumean zone

AT Manual

Homogeneity and symmetry

PrIce Millet Price sorghum Price maize PrIce cotton Price millet Price sorghum Price maize Price cotton

Millet 2 14 043 -002 -229 047 -047 059 -067

Sorghum o19 054 -023 -096 -0 18 044 -026 -098

MaIZe -003 -080 -001 090 1 14 -1 36 052 -1 41

Cotton -051 -048 o13 092 -022 -086 -024 1 78

Homogeneity Without symmetry

PrIce millet Price sorghum Price maIZe Price cotton Price millet Price sorghum Price maize Price cotton

Millet I 77 -0 14 1 34 -266 094 -075 1 25 -1 42

Sorghum -1 25 031 070 -061 -030 1 35 -1 04 -1 44

MaIZe -1 65 -084 056 1 54 045 -061 001 -1 39

Cotton - 88 -007 -028 1 16 077 -021 -1 07 1 33
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Table 7 4 Annual change m area planted to sorghum and nnIlet, Sudano-Sahehan zone

AT sample Manual sample

Area (ha) 1983 1984 1985 1983 1984 1985

MIllet 488 546 464 3 15 333 288

Sorghum 282 353 332 099 100 1 19

Total 771 898 7% 4 15 433 407
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Table 75 Elasticities of non-price factors

AT sub-sample Manual sub-sample

Land Fertilizer Manure Rain Land FertilIzer Manure Ram

Guinean

Millet 159 -060 0011 1 27 1 38 -0 16 0008 -006

Sorghum 058 0096 o 16 0009 031 0095 -0005 o 13

MaIZe -033 034 030 011 037 -024 024 -027

Cotton 081 055 -0018 -1 03 034 084 -0005 025

Sudano-Sahellan

Millet
095 -0013 0084 343 090 -0032 0069 302

Sorghum
092 0015 0046 1 57 065 0056 0044 1 65
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Table 7 6 Relative contrIbutIon of prIce and non-prIce factors to the
explanatIOn of supply response, as IndIcated by R2

GUInean zone Sudano-Sahehan zone

All factors Non-prIce Pnces All factors Non-prIce Pnces

AT

MIllet 032 027 o 17 056 056 023
Sorghum 040 037 011 052 050 032
Maize 022 o 19 o 11
Cotton 067 064 002

Manual

MIllet 038 037 o 13 057 057 026
Sorghum 050 043 044 067 062 040
MaIZe 030 024 o 19
Cotton 078 077 o 18

Note Figures are coeffiCIents of determInatIon The results for pnces are obtamed WIth symmetry and homogeneIty Imposed Unconstrained
R-squared values are larger
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Table 7 7 Aggregate supply response estimates

Gumean zone Sudano Saheltan zone

AT Manual AT Manual
,

Parant Elast Parant Elast Parant Elast Param Elast

INTERCEPT 2583 10 178960 -441200 313060
(1847) (944 3) (9657) (361 0)

PRICE MILLET -4291 -049 3041· 083 31 63· 097 24 45· 127
(377) (3041) (11 02) (408)

PRICE SORGHUM -2634 -028 456 012 3210· -I 06 22 56· -126
(657) (320) (1287) (477)

PRICE MAIZE 4986 047 2336 053
(985) (473)

PRICE COTrON 18 17 022 -1690 050
(410) (199)

LAND , 47705· 071 30102· 051 25881· 088 25897" 080
(680) (584) (366) (21 62)

FERTILIZER 493· 031 457" 028 003 000 006 000
(12) (079) (095) (1 34)

MANURE 0033 006 008 004 0075· 008 008· 005
( 015) (005) (0045) (003)

RAIN 361 -051 203 068 11 95· 240 846· 289
(289) (1 35) (1 55) (060)

SUDAN 110790· 143250·
(3544) (143 7)

MI, M2 31707 252580· -30828 30504
(3874) (4372) (2166) (2309)

Starred coeffic1ents are 81gruficant at the 10 percent level or below
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Table 7 8 Fertilizer demand equatIon estul1/I.tts

Sudanum Gumean

Param SE Param SE

P fertIP millet 14709 146 g 882 7074

LIVestock 198E-03 17E-03 - 23E-03" 13E-03

Sod quahty -780 911 -158 g 03

Slope -36 95 46.25 -980 609

Food stock 10E-05 12E-04 72E-06 48E-05

Gram sales 42E-04 45E-04 - 186E-05 .205E-04

Log Nonfann me 662" 261 074 289

LandlAE 688 2053

RIsk 41839 3508 127.54 1962

Access 3262" 763 839" 514

Mauureusc 066 054 012 008

Cotton area ..50 33

Intercept -205 47 1540 -1483 7563

SIgma 1238 253

R-squared 14

Log-likdihood -1269
Starred coeffiClelD are Slgmficant at least at the 10 percent, two-taJ1ed
level

In the Sudaman zone, a TobJl: model was used to 8CCOUIlt for the many occunences
of zero values, often due to a problem of accessibihty (see Chapter 1)
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CHAPTER 8

SUMMARY AND POllCY IMPLICATIONS

8.1 Introductlon

The physical, pollcy, and econoDllc context m the West African semI-and trOPiCS (the WASAT)

has changed radically from the 19605-19708 (when the bulk of farm management studies were done) to

the 1980s-1990s there has been rapid populattongro~ sou and natural resource degradanon, declmmg

ramfall, growmg land COnstraInts, struCb.lra1 adjustment programs, mcreased market mvolvement by

farmers, dlversIflcatton of farm household mcomes mto nonfarm aettvltles, and nuxed success of

technology development

Moreover, there has been recent concern for stagnanon of coarse gram and cash crop agrIculture

m the WASAT based on percepttons of low or declmmg agrIcultural productiVIty

The above changes and concerns pomt to the need to update our understandmg of farm

produettvity m AfrIca To thiS end, and to support Development Fund for AfrIca obJectiVes,

AIDIAFRISDIPSGEIFSP has funded the present study m Burkma Faso, conducted by researchers from

Umversity of Ouagadougou and MichIgan State Umverslty under Its Michigan State Umverslty's Food

Secunty IT Cooperattve Agreement With AID The overall study of farm produettvlty also mc1udes case

studies m Rwanda, Senegal, and Zmtbabwe

Our obJeCt1ves were to (1) ·dlg below· aggregate trends to uncover farm-level patterns m and

deternunants of (a) agricultural produettvity, (b) crop supply response, (c) farm mput demand, (2)

exanune how these determInants may vary by crop, agroecologtcal zone, farm type, technology, and

mstrtuuonal/pollcy setting, (3) exanune unpheauons for strategy, pohcy, and programs to promote and

sustam mcreases m agricultural produettVIty

8.2 Data and Methods

The study used detaIled farm household data from an ICRISAT survey covenng both farm and

nonfarm aetIVlUes of 150 households over four years (1981-1985) Havmg several years of survey data

allows us to explore the effects of changes m pnces and ramfall on produettVlty, supply, and mput use,

such vanatton 18 unportant m the SemI-and tropiCS, and data sets rarely cover more than one year and
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thus allow exploratIOn of these effects

The sample was dIstnbuted over three zones, the northwest, nnddle, and southwest,

correspondmg to the Sahehan, Sudaman, and Gumean agrochmatIc zones

Our approach was as follows

FIrSt, we exannned patterns m average land and labor products (over crops, arumal tractIon versus

mamJaI farm types, zones, and years) Total factor productIVIty mdIces were calculated

Second, we explored deterrDJDants of crop productIVIty dIfferences by compunng margmal factor

produet1VItIes over crops, farm types, and zones These figures were derIved from productIon functIon

coefficients

ThIrd, we analyzed deterrnmants of crop supply response and Input demand usmg a profit

function approach, usmg the same breakdown by crops, farm types, and zones

The factors exammed were pnmarrly phySIcal productIon Inputs - vanable mputs such as

fertilizec and manure, and capItal mputs such as antmal tractIon equipment, as well as condltIonmg

varIables such as agrochmatIc zone, household charaetensttcs (e g , nonfarm mcome earned), supportIng

mstttutIons and servIces (mput supply Infrastructure)

The study focuses on farm-level productJvIty OutsIde of our scope IS the ISSue of how changes

m farm-level productIVIty (and changes m pohcy to effect them) affect the rest of the economy

8.3 CharacteristIcs of Burkmabe Agriculture and Aggregate Trends

BurkIna agrIculture IS smallholder and ramfed, WIth a low average marketed surplus rate (around

10 percent), and unportant sales of cotton and lIvestock About half of rural mcomes are now earned m

nonfarm aetIv1tIes mamly connected upstream or downstream to agrIculture, and m nngratJon Gram

unports are about a quarter of cereal consumptlon Cotton and lIVestock constttute about 60 percent of

exports (they pay for the gram unports)

Growth m average land product (output per hectare) and average labor product (output per

agrIcultural worker) was slow m Burkma Faso for most crops In general, average land product grew

more quIckly than average labor product, mdIeatmg mcreasmg populatIon densIty per square kJIometer

Output of nullet and sorghum (the mam food crops) grew slowly, behmd populatIon growth, and

average land product grew only around 1 percent yearly

MaIzehas brIght productIon prospects but IS stJ1I a nnnor part offood output, and Its average land

produetivtty IS growmg moderately, around 2 percent yearly
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Output of cotton, the mam cash crop, grew rapidly In the 1980s, as did Its average land product,

output growth has tapered off m the 1990s Area under cotton grew from 66,601 ha m 1973 to 74,948

ha m 1980 to 185,750 In 1991 to 176,900 ha In 1992, and average land productiVity grew 3 8 percent

yearly over 1961-1991

Pressure on arable land IS already high m the unfavorable agrochmate zones (Sahehan and

Sudaman zones) where two-thlfds of the rural populanon hves, and moderate for now In the favorable

agrochmate zone m the south (Guinean zone) But a World Bank study (Lallement 1990) shows that

populanon IS mIgrating qUIckly and pressure on land mounnng m the south

Hence a major Issue m Burkmabe agriculture IS the need to move from "extensive" to "mtenslve"

systems that mvolve much-mcreased land prodUetlvlty through sustamable mtensificabon as the

"carrymg capacity" of arable land IS being undermmed qUIckly by soll degradatIOn and erOSIOn of soll,

soll conservanon and water retennon mvestments are needed (see e g Matlon and Adesma 1992, and

Sanders et al 1994)

8 4 Our Fmdmgs Concermng DlSaggregated ProductIVIty Patterns

Among the coarse grams, maIZe has the hIghest average land prodUctiVity, followed by sorghum

then mIllet The same pattern holds for labor prodUetlVlty

The Gumean zone has from moderately to much higher (15-3 nmes) average land products than

the other zones for all crops - yet m good years mIllet Yields, and to a lesser extent sorghum Yields, can

be sumlar across zones

Sorghum, maIZe, and cotton land and labor productlVIty are correlated WIth agrochmate (mcrease

as go south), but the relanonshlp IS weaker for mI1let, especially m labor prodUctlVlty, as It IS relatIvely

easy m the north to add land and thus protect labor YIeld (hence output per consumer)

Ammal tractlon (A1) confers an advantage m land productIVIty m the case of maIZe and cotton

m the GUlDean zone, and a labor productlvlty advantage m cotton m the Gumean zone Cotton average

land products on aDIma1 tractIon farms were 1 5 nmes those on manual farms

In general AT helps productIvIty m the case of crops that are relatively labor mtenslve

Land and labor YIelds fluctuate the most over years m the north, where ramfall fluctuates most

For example, average land products changed sIXfold between the good year of 1983 and the drought year

of 1984 In general, maIZe land and labor productIVIty fluctuates more than that for the other crops

because of Its senslnvlty to soll moISture ThIS result pomts to the notonous rISkInesS of agriculture m
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many areas, and to the sensItIvIty to beglDDIDg and endmg pomts of longItudmal productivity analysIs In

WASAT

Labor YIelds tend to fluctuate more than land yields m the Sudarnan and GUInean zones, partly

because there appear to be land constraInts (quality and quantIty of land sUitable to each type of crop),

whIle thIs IS not the case In the Sahehan zone where farmers can use more land (albeIt of low quality)

to augment labor

In the tractIon group, for both zones, the margInal value products of labor exceed the observed

wage rates, suggestIng a relatIve labor shortage

The margmal value products of labor for tractIon households exceed those for manual households,

suggestIng that ammal tractIon makes labor more productIve

In the tractIon group of the Gumean zone, the margInal value products of labor are almost

equalIZed across crops, suggestIng econOmIC ratiOnality m labor allocatIon ThIS IS not the case for

manual farmers

In both zones, the average labor product IS above the margmallabor product, agaIn suggestIng

a labor constraInt.

8.5 Detennmants of ProductiVity General Fmdmgs

Our results reemphasIZed the lIIlpOnance of tradltIonally IdentIfied factors that determme

productIvIty 10 farm management studIes mthe WASAT

• fertIhzer

• manure
• anunaI tractIon

as well as land and labor But actual produet1VIty effects varted substantIally by locatIon and farm

household type Other country case studIes also showed unportance of access to Improved seed (MSU

studIes of returns to agncultural research (Oehmke and Crawford, 1993) have also showed the pIVOtal

role of effectIve seed dlStnbution.)

Our study identIfied constraInts on avatlabIhty of ferultzer, eqUIpment, operatIng capItal, and

good qualIty land. The study also showed unequal access to these mputs. and hence an unequal

dJStributJ.on of benefits from unproved mput use, partly because of unequal access to cash mcome

(espectally from nonfarm actIVIties) and to credIt.
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Our study hIghlIghted several determmants of productIVIty that have not traditIOnally been

emphasIZed m AfrIca, that we beheve are hnked to the changes m the econOmIC and physical context over

the last few decades (dIScussed above) (1) nonfarm mcome generation often plays a key role m

facllItatmg acquISItiOn and use of prodUCtlVIty-enhancmg mputs (2) market mfrastructure, unportant to

acqUISItion of mputs that drIve prodUCtIVity change

Other country case studies, whose results we feel are unportant for the Burkma case, but whIch

our data dId not allow us to confirm for BurkIna Faso, hIghlIghted the role of natural resource

conservation m unprovmg farm-level prodUCtIVIty Conversely, tmprovmg farm produCtIVIty helps

conserve resources

8 6. Impacts or mput use on productiVIty - and patterns and determmants or mput use

8.6.1 J?er1l~

We found fertIhzer to have a poslove lDlpaet on land prodUCtIvIty, but nOIse m the data appears

to be the cause of Its StatlstlcallDSIgmficance Below we note that we found It an unportant determmant

of output

FertIlIzer use m Sub-Saharan AfrIca IS low compared to world standards (9 kgslha m 1985 versus

58 5 m all LDCs) In Burkma (I) vtrtuaIIy no fertIlIzer was used m the SahelIan zone, ('n) an average

of 11 kgslha m the Sudaman zone, and ('tn) 39 kgslha m the Gumean zone

AVatlabIlIty and affordabIlIty are key ISsues m the use of fertIlIZer, m particular m the non-eotton

areas Unfortunately, thIS IS also where land IS degraded and needs fertIlIZation

Use vanes alot over crops In the Gumean zone, use on cotton was 109 kgslha, followed by 46

kgslha on maIZe, and less than 5 kgslha on mtlletlsorghum

Fert1ltzer use IS poSItively related to nonfarm mcome and accesSIbIlIty as mdteated by the

proxumty to a road m the Sudaman zone - but not m the Gumean zone where the presence ofSOFITEX

(the cotton parastatal) makes fert1ltzer avatlable to farmers regardless of vIllage locatIon and household

cash sources

The ehmmatlon of credIt and fertJ1tzer subSIdIes and a SWItch from government to private sector

dtstn.1>utIon (reducmg the area served), often asSOCIated WIth Structural adjustment programs, have had

a negative Impact on fert1llZer use, at least durmg the perIod of gradual removal of the subsIdy, 1983­

1987 Use has pIcked up agam thereafter due apparently to mtenslficatlon strategIes on wamng land of

suffiCient quality.
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Hence, greatest fertIlIZer use (well above the AfrIcan average) was m hIgher ramfall areas and

on cash crops, where dIStrIbutIon, credit, and marketIng/credit recovery were handled by a parastatal,

or where households had more nonfarm mcome

8.6.2 Manure

SoIls m Burlana Faso are known for therr low orgamc matter content Soil amendment With

manure and compost IS needed to slow soil acIdificatIon

We found (1) manure mcreases land produCtIVity of cotton and maIZe, (2) use of manure

mcreases the output of maIZe, for both AT and manual farmers, m the Gumean zone, (3) cotton benefits

from residual effects due to the rotatIon WIth maIZe

Manure use overall was only 150 kgslha m the Sahehan zone, then 411 m the Sudaman, and 995

m the Gumean zone In the Gumean zone, maIZe gets most manure (7384 kgslha) then cotton (1314) then

sorghum (427) then millet (155)

8.6.3 Animal tractIon

In AfrIca, the roam effect of AT shown to date has been to reduce field labor mputs and aid area

expansIOn (especially on light soils), rather than to mcrease Yields

We found AT have the followmg effects (relative to use of manual technology) (1) AT strongly

Ill1proved land and labor produCtIVity on cotton, and on labor prodUCtIVity m millet, m the Gumean zone,

(2) AT farms had greater supply responsiveness to pnce and nonpnce mcentIves, (3) AT farms were

more effiCIent m resource allOcation, (4) AT farms used much more manure, (5) AT farms grew much

more cotton, (6) AT farms were much bigger, (7) AT farms used only shghtly less labor per hectare

(overall)

The portIon of households m the study zones that used AT m the study penod was 9 percent m

the Sahelian, 14 percent m the Sudaman, and 19 percent m the Gumean zone

Nonfarm mcome and farm SIZe were unportant determmants ofadoptIon ofAT Nonfarm mcome

(controllmg for farm SIZe) was partIcularly unportant m the Gumean zone, as credit was not generally

available for It so the household's own hquulrty sources - mamly nonfarm. mcome - was cruCial to that

mvestment.

8.6.4 Land and labor

An mcrease m total farm land SIZe has positIve effects for all crops, With the bigger effect
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accrumg to wHet which IS the mam beneficIary of land expansIOn

Wage mcrease decreases overall labor demand - as off-farm opportumtIes mcrease, we expect

that thIS will bId up farm wages, but WIth a land constramt, there will be a need for agrarian capItal

formatIon, mamly m form of AT mvestment

8 6 5 Nonfarm lDcome

Nonfarm mcome can mcrease purchased mput use or capital mvestments (thereby mcreasmg

productIVIty) where credit IS unavailable or costly to use, or where other sources of cash mcome for loan

repayment are lackmg

Nonfarm aetlvltIes smooth household mcome and help to reduce nsk by dlverslfymg the sources

of household mcome

Wlthm a gIven agrOecolOgIcal zone, the poor have less access to nonfarm mcome opportumtIes ­

- nonfarm mcome tends to make up a smaller share of total mcome for poor than for nch households,

poor households are less able than nch households to partICIpate m high-return nonfarm actiVIties

There IS generally a posItIve relatIonshIp between nonfarm mcome and Improved mput use

(fertIlIZer m the Sudaman zone (where SOFITEX IS not present to make It avaIlable to households

regardless of therr own-hquldlty sources, and ammal traetlon m the Gumean zone)

The combmatIon of the above two pomts IS WOrrIsome because unequal access to nonfarm mcome

translates mto unequal access to farm mputs m the face of hmIted credIt access

8.7 Detemunants of Output Supply

871 Pnces

The panel data allowed the ISOlatIon of the effects of pnces on supply response The effects of

pnces are reInforced by those of non-pnce factors We found m general that (l) aggregate output

responds poSItively to mcreases m the pnce of commercIalIZed crops (cotton and maIZe) among AT

households m the zone WIth the most favorable agrochmate, the Gumean zone - thus avertmg the fear

that pnce mcreases only lead to crop mIX shifts (2) In response to poliCies mcreasmg pnce to the

farmer, cotton m the Gumean zone responded strongly to own pnce over the penod of analysIS A 10

percent mcrease m pnce led to the increase of supply by 256 kg for AT and 158 kg for manual farmers,

from the mean (3) Millet and sorghum respond poSItively to own pnce changes, m the Gumean zone,

WIth the response ofmillet larger, refiectmg a land and/or an outlet constraInt to expandIng sorghumproduction
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8.7.3 AnImal tractIon

Ammal tractIOn households had greater supply responsIveness to pnce

8.9 ModehngltheoreticaJ findIngs

Modelmg productivlty and supply response m the context of an endogenous selectIVity approach

was shown to be appropnate m captunng the differences between traction and non-traetlon households

and proVldmg better parameter estunates than the use of an exogenous pal1ltlon based on the usual

8.8 Relation of output supply and productiVIty

Incentive polICies that mcrease cotton and maIZe produetlon mcrease the output ofcrops that have

hIgher land prodUetlVlty - and thus are appropnate where land constraInts are growmg such as m the

Gumean zone.

--•-
120

For the AT group, m the Gumean zone, we found (1) there IS a complementarIty, not a

substItution m pnce between cotton and maIZe, reflectmg cultural practIces whIch rotate cotton and maIZe

(2) Cotton IS a substItute m pnce for the tradItiOnal cereals, nullet and sorghum (3) For the manual

group, m the Gumean zone, all cereal crops are m competitIOn With cotton, refleetmg a lower fleXIbIlIty

than AT households to reallocate resources to raISe outputs SImultaneously (4) The effects of prIces are

more hunted m the less favorable Sudano-Sahehan zone, where only sorghum responds poSItively to own

pnce, for the tractIon group

8.7.2 Fertlhzer

An mcrease m the amount of fertIlIZer used by the households IS assocIated With an mcrease m

the output of cotton, m the Gumean zone, for both AT and manual farms Fel1lbzer has a poSitive effect

on the output of maIZe for the tractIon households

8.7.4 ~kets

Well-functIonmg Input and output markets facIlItate the acqwsmon and use of produetlvlty­

mcreasmg Inputs by makIng mputs and market outlets available. and by reduCIng transactIons costs and

rISks (e g , from unperfect mfOrmatlon, or pnce voIanlrty due to a thm market) Vel1lcal mtegratlon and

coordmation functIons (mput supply. credIt, output marketIng) were assured effectIvely by a parastatal

for cotton (TIns result comcldes WIth Lele et al 1989
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dummy variables approach

It IS Important for farm productIvIty analyses to mcorporate directly or mdirectly mterseetoral

effects (effects of nonfarm mcome) on mvestment and m tum on productivity

8 10 STRATEGIC, POllCY, AND PROGRAM IMPLICATIONS

1 Sustamable mtenslficatIon of farm productIon through use of Improved mputs that raise and

sustam mcreases m land productiVity IS a llUlJor food secunty Issue In BurkIna Faso, gIven growmg

land constramts and soil degradation To get needed breakthroughs m farm productIVIty, farm mput use ­

- such as fertlltzer, organic mputs, arumal tractIon, and conservation mvestments - needs to rIse

substantially

In general we show that key elements of raISing land productiVity (and labor productIVity)

are fertIhzer, manure, and antmal traction These are especIally useful m mcreasmg yields m maIZe

and cotton, WhICh are the key crops that can usher m the new era of mtensification of croppmg and

mcrease of Yields The problem IS that fertilIzer, anunal tractIon, and manure use are well below desIrable

levels and polICIes and programs need, even m thIS era of tight budgets, to encourage and enable farmers

to use more of these mputs

2 StrategIes to raISe farm prodUctiVity will need to differ, however, between favorable and

unfavorable agrochmatIc zones WIth proper COndItions, much mcreased productiVIty can be expected

m the favorable zones (mamly the Gumean zone) Expectations for croppmg mtensifieation are more

modest for the agrochmatIcally unfavorable and fragile zones (the Sahehan and SudanIan), and attention

will need to be paId to alternatIve mcome sources off-farm m the latter zones ThIS wIll promote food

SecurIty m the agrocllffiatIcally unfavorable zones and mcrease effectIve demand for agrIcultural products

from favorable zones

3 Off-farm employment and the farm productIVity agendas are hoked. In many areas off-farm

mcome IS a mocal means to pay for farm mputs and lDvestments Moreover, much of the growth

of nonfarm actIVIty IS lmked to growth of farm output Growth m off-farm employment opportumttes m

rural areas IS essenttal to achIevmg food secunty and econolDlc transformatton m Burkma Faso

The lIquIdity constraInt suggested by the slgmficance of nonfarm mcome m farmers' decISIon

must be addressed eIther through an appropnate credIt polIcy, andlor through pobCIes auned at
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developmg mcome generatmg actIvItIes m rural areas The World Bank: has already engaged m such

actIVItIes m Its food secunty component of the agncultural sector adjustment program m BurkIna

But we worry about the long-term dIstnbutlOnal effects of the Importance of nonfarm mcome on

productIVIty, partIcularly as we found that nonfarm mcome IS not eqUItably dIStrIbuted over households

Programs that mcrease access to these sources of mcome are thus expected to m turn mcrease access to

farm modem mputs by the poor

There are two unpheatIons of the unportance of nonfarm mcome m the productiVity equation

• Mtcro-enterprtse promotIon programs that provide rural employment whtle reducmg the cost

of farm mputs and mcreasmg the off-farm mulbplIers from farm output growth are desIrable

• New croppmg technology proposed for farmer adoptIon must not only be finanCIally and

economIcally profitable, but also attractIve relatIve to alternatIve uses of household resources

(e g , lIvestock and nonfarm productIon)

4 Cash aoppmg programs spur productIvity through proViding cash to buy mtproved inputs, and

depending on how they are orgamzed, increase access from the supply SIde to mtproved mputs and

to low-nsk output marketmg opportunitIes

When the techmcal COndItIOns allow, the mam cash crop (cotton) and the most productIve food

crop (maIZe) are complements not competItors (m cross-pnce terms), whIch nms counter to pesslffilSm

about cash croppmg erodmg food crop agnculture WIth appropnate technolOgies (anunal tractIon) and

mcentIves (guaranteed markets for the cash crop and strong support for m:nze) farmers m the Southwest

of Burbn.a have expanded therr cultIvatIon of both cotton and maIZe 11us comCIdes WIth slffillar farm­

level findIngs of complementarIty m Mall (DIone 1989)

5 Sahel farmers respond to market mechamsms, but only on the condibon that there IS a

proPitiOUS set of technologies, mstitutIons, and physical conditIons The mstltUtlonal settmg and

polICIes appear to have promoted agncultural growth durIng the first half of the 19808 m Burkma, the

government had placed greater emphasIS on promotIng the rural sector through mcennve cotton pnces

(as well as rural organIZatIon and water retentIon technology development, not explored here) These

pohCles appear to have contributed to agnculture performance above the norm durmg a tune when other

AfrIcan coumues m the senu-and zone had negatIVe agricultural growth

For polICies such.as the devaluation ofthe Franc CPA to haVe a posiUve impaaon cash Crop and
-- - -

aggregate supply response, pohcymakers should not Ignore but rather remforce sectoral programs such
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as ammal traction development and fertulZer dIstrIbUtion

6 AnImal traction programs are very Important for BurkIna Faso - 10 the 1960s and early

19705, 10expensive packages were offered to farmers 10 a promotion program but adoptIon rates was low

Smce the cotton boom of the 19805 there appears to be much hIgher demand by farmers, but there are

demand-sIde constra1Ots (cash and credIt constra1Ots) to obta101Og eqUipment Programs that make the

eqUIpment available WIdely and cheaply wIll help Rather than vIew10g AT as Just a way to clear more

land, we have underscored Its role 10 raIsmg land yIelds especIally for cash crops 10 the southern zones

As farm wages are bId up by mcreas10g off-farm opportunIties, and as land constramts mcrease, we

expect agrarIan capItal formatIon to play an mcreas10gly IIllpOrtant role 10 1OtensIficatIon that IS both labor

and land sav10g

7 Fertihzer was found to be Important. Reduction of the fertI6zer subSidy over the 19808

comaded With a decrease in Its use. But fIScal constramts prohIbit return to the days of massive

fertihzer subsidies. We need to seek a mIddle path, where programs and pohcles address the need to get

fertIlIZer cheaper to farmers A key way to do thIS IS to press hard on transport costs and the

quantity/quality of rural mfrastructure For example, the PremIer MlDlStere (1993) study of potential

unpaets of devaluatIon shows that we can greatly lower fertIlIZer costs through trnprovmg the transport

system and Infrastructure

ThIS mIddle path unplIes substantial publIc and pnvate 10vestment 10 agncultural research, human

capital, and productIon and market mfrastrueture Pohcy reform alone (exchange and mterest rate polIcy,

market lIberalIZatIOn, pnvatIzatIon), whIle IIllpOrtant, IS not suffiCient to spur higher agncultural

prodUctIVity, resource, technology, and market constraInts on agncultural growth must be tackled drrectly

by alloeatmg government and donor resources to overcommg them

PublIc mvestment should be such that It complements and spurs pnvate 10vestment on-farm, 10

the mput dIStribution system, and 10 pnmary product process1Og It IS essentIal that government and

donors mvest 10 understandmg how to promote the econOmIC use ofthe tools of sustamable mtenslficatlon

- fertIlIZer, ammal tractIon, orgamc Inputs, and soIl conservation mvestments

Thus the debate should be reopened on IdentIfymg cost-effectIve ways of mcreasmg access to

mputs, by unprovmg the deliVery of Inputs and gtVtng farmers the means to pay for them This effort

IS especially appropnate 10 West AfrIca FCFA zone whose macroeconOmIC envrronment has become more

favorable through structural adjustment ThIS should be a pnonty pohcy ISsue m the 1990s and beyond
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