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Abstract 

Increased agricultur'al p:'oductivity in the Sahel will require widespread dif
fusion of inproved soil- and wai.r-management practices that stimulate 
growth in a sustaina;le way. Techniques such as tied-ridges, animal traction, 
an(d fertilization can improve prodiutivity hut may not be viablth unless used 
togetlter, improved soil and water roanagment is required to produce a more 
fertile agro(o)mi,; cnxvirmilnleiit receptive to new high-yielding crop varieties 
needed to greatly expIad productivity. I lowever, enx'ronm'ental conditions, 
faIrtlers, 'S;oirc'cs, ili'lliiity I() nmake (:ol )lemenitary investments that would 
mtake slIcI J)rO:ti,:e:; proitdble, narketing channels, and institutional/policy 
arrallgell llS coi'istrain ado)tion (if these techniques. Adoplion rates can im
prove if tnewx fartti J)practi(:es enhin;ce soil and water conditions at modest 
cost, redu:e the risk of food and capital loss during p(.or weather years, antI 
relieve Sasonal lali, (olsraints. ilowever, tannien iillprovell(ents are neces
sary in input and product minkets, rurai institutions, and policies to stimu
late adoptionIy (:reating opl)ortulie, and incenlives at the farm level. 

Keywords: !'echnOlogiciaI change, soil and water res.urces management, agri
cultural tirodhlwtivity, Sahel, dryland agriculture 

A-Vknowtedgments 

The a rt*,:is to Johnare grithtful I-. Sanders, Purdue University; John Staatz, 
'A! higa n State (Ii iversitY; aill Art 1)ommen, Economic Research Service, 
for their valuable reviews, comments, and supgstions. The research leading 
to this report is suppnorted by the U.S. Agency for International Development, 
Science and Technology Bureau, Telchnology of Soil Moisture Management 
Project under LISI)A-PASA No. BST-4021- P-AG -1080-00. 

1301 New York Ave., NW.
 
Washington, DC 20005-4788 October 1989
 



Contents
 

Page 

Summ ary ........................................................................................................ iii
 

Introduction ................................................................................................... 1
 

Characteristics of the Sahel ......................................................................... 1
 

Soils .....................................................
 
Cli lit ....................................................
 

Physical Characteristics ............................................................................. 1
 

1)eino g rn lph y..................................... I.......................................................... . 4
 

Agricultural Productivity in the Sahel ....................................................... 6
 
Factors A fh!cting Agricultural Productivity . ............................................ 6
 
The Potelltial for Irrigation ........................................................................ 7
 
Dry lin d Ag ric u ltu re ................................................................................... 8
 

Technology and Agricultural Productivity in the Sahel ........................... 9
 
A Sahclimn (reen i ,evolution? ...................................................................
9 

Technologies 10lInprove(l Soil- iinl Water- n agemen ............................ 


Constraints to Technology Diffusion in the Sahel 11
.................................. 

The Ilhvsical lnviriilmenl 11
........................................................................ 

Fari'e s' (oidls alld Iechnology Adoption Criteria .................................
12
 
The M arkeling System ............................................................................
15
 
Economi :clolicies 15
...................................................................................... 


Conditions Necessary for Technology Diffusion ....................................... 17
 
...............................................
Characteristics of Im1prove(I lechnologies 17
 

Institultional and Policy Conditions 18.......................................................... 


C o n c lu s io n s .................................................2 .................................................
1 

References ..................................................................................................... 22
 



Summary 

Much of the Sahel is locked in a vicious cycle o" increased cultivation and 
falling land fertility. Rapid popultion growth, a breakdown in traditional fal
low lengths, slow technological advance, weak access to inputs, and local 
inst itut ions and policies worsen this cyc le. Traditional low-resource agricul
lure in the -al, hased on lahor-intensive cropling sstems iig fev pur
(:hase, inputs, lrohably (:annot stimulate food production fast enough to 
meet the niees (if a burgeoning population. While significant gains in agri
cultural productivity in the Sahel ar' possibh, they will require widespread 
diffusion of ipn)rwe'l soil- im water-Ianagelnment practices tha stimulate 
growth in a sustainaule way. This report "xanines factors that have slowed 
adoption of' techiology ill the SAheN and identifies conditions necessary to 
in:rease lise (d,tlose teclniql',s. 

Soil- all vteia'-rrrnagerne[it tet( 1-ni(les., including tied rilges, animal trac
tion. (likes and )uilds, and rgeo ,c and cheniiical ferti.ization, can enhance 
he ;I,'rj I1lj eOvirinml,ent for ro)p produc:tion. HIowever, (:Aimate and soil 

c:onditions. Frrili resourlces, technology adopitioni criteria, input and product 
market svsltils, ani pulic all(] private ilstitutional arrangements an( poli
cies impede widespread adoption of these techniques. 

Improved s(oil and water maIag elent in the Sahel (lelmnds oin modifying 
eisting the:lilues to fit the particular (:n()it iomns of the region. New tech
niques iIst slabilize farni returns or reduce the potential for loss ih,!atlse 

most sulhsistelice farners are aver ;e to risk. New !echniques must redfuce sea
sOlal lafmr demands or shift labor requirements from peak to slack periods 
he:ause of c:rit cal labor shortages (luring tiel crop production (:ycle. New 
techli-logies nmist also he iInexper,;ive hecause of :re,it (:rstraints and lim
its on cultivating higher valmsd crops in many drylaril areas. 

Widespread lse of otherwise viabe technologies deplenls oil insitilutional 
and policy moditim,,. 'These incudme a system of land rights thal encourages 
tarniers to invest in land-conlserving practices, a more efficient rural financial 
system to (dsburse(:redit, and a means to improve demand for local coarse 
grains. Telc:hnlogy MfAoption also (hI)er:(s on nirketing channels that influ
(el:e the avai hLilit y of, anr imcentives to Use, thcse techniques. Greater con
sidier'ati n also be given i(acr(ecoOllOni(: )olicies lhal (:an stimulatei'-rost to 
the develo.mternt of a slustainahle agr:icultural syslem. 

Imnprovedf soil ar(] water' technologies may conserve the resource hase, in
cease anl stahilize crop prohiction, and he adopted given local resources. 
Nor of! these practii:es will ensure a harvesl in a low-rainfall year, hut they 
(:oul(d redhice fil! niagrilue of loss. 

An inll)irlant Ierefit of iniproved soil- and water-muanigement practices ise 
the irnmised s(:ol( provided for successful introduction of' new high-yielding 
(:rops. l)rialic gains iil prodLnCtivity ill tile Sahel rec(uiir'e irrl)roveil seed va
rielies, which in turi re(jire significani inl-:'(vemieirts in soil and walter con
ditions at thie farml level. Improved resource management caln )romote pro

ductive ain suISlinable agricultural systems coim)atible with the 
inltensificatioln of, land use that inevitably accorpinanies ra)id population 
growlli. 
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Introduction 

Sub-Sa ha ran Af[rica is the only region in the world 
whore population growth rates have outpaced food 
produotio n growth rates over ilie past two decades. 
tven 1w African standards, the Sahel 'egion of West 
Africa ias lwist ' par'ireularly poor igricultural 
irerforrriii ii);,:e+ l rise of Irer'iodifi: rlr,'ighlrts, question-
;hle oc:nnu il i: oliies. ind lim ited progress in de-
v'.!eilorli;.rrr-lcvd eclhmologies iappropriate For the 
riig,,i)
Ii.
 

I)m;dol llelr t of fo)rts f[ r ',it(! 'Sahel iced to givte 
grri'thr attutil) thitlriiil innoat'ions :ompatibe 
witii ewmxoing eilvi'ir l litiil and smc€il conditions. 

iti harsh iclimii atkirnd timili,:tale, weathler create 
IvpeckillYdi titl'iplile mis for bolth tarilrs and 

poli,'iii aker,. 

;:"giilicarit gilirrs in aigrictirlt'ril prodwi :tivily in tile 
,'Slicl, while ipossilhe,. will require greater dfiffusion 
of illiproved soil- aii ,mie-rnimirigerntpractices. 

Widespread adoltion of sulh piractices is iliffi:ult 
li :;iilse so n11ch1' l ilds on the cIlaracterist ics of' 
tht speciti: techriologies inv'elved, hiarrers' 

i'S.;lCW,; illd goills, thel!Socioeconmomic institutions 
in plmce. il)11 goverimmelal poulicies. 'This report i'o
cuses on factors that ;ive slowed technlh v trans
[er ill tilme !'mgiol illid ofmlifies cimditimos necessary 
fiortransfer lo ticucr iiinre riipidly. 

Characteristics of the Sahel 

If amgriciultrrr'al prodihli:tiv inthew Sauel is to 
itprove, new teclllhgies and related farmll analagu-
mettrl prmctices nirist 1w siiited to the conditionts ill 
the regionr. 'lhis section des:r'ihes major pilysical, 
c:lil,i,.,,illl h rmigrajcirhii: feitlrrs of lie region. 

IIh,,ifni'. , ' ,,,l',taiil t'J1ieilllenti'iii ,,i,'",, of 
A L\e11(, l F, o, 111111,M it i tIh '1114 visitingllltttv~ i,('rn mv rsil,, 

i ill r. ooonnII ll-I Eronomlglli,,1'l', 1 'lim cl,ll t)l f'A111m E ~ Re!si-arch] 

,"e,'r,t., I Hi~.lm 1. llln, Ag..ritl tire:P'rodt..Sor,t Emleritus of 
sofi 5 .mt i"l'l-Ol i I m 1n.1' ,- it 

Physical Characteristics 

The Sahel region comprises the eight semiarid West 
African c tintries groiped kilong tie 14th parallel: 
Senegal, 'Flire Ga'bia, MNtoritarria, Mali, lBrkina 
Faso,Nir, (Chali, and Capes Verde (fig. 1).The is
lands of (ape Verde ll'ex;hled froll oll' disclus
sion oofr:,tisetheir disi.'ii de .rrrrrgri +:lic enviiul 
ronientai] chirar:tmer. 

The Saliel erit:()ill paSses over 2 iillio r squia re miles, 

ililli t tWo-lhlils tIh SiZ,( 1 ritir)(.tiil JinitMIrf tim :10 

Stahts. loitldefd by Ih '1' ial'a l)es-ert !)tie north
 

tiiloi Lsta 

south, tie si;ih's c iimitie d()s lil differ drl'iiilli
ctlly from suroiirdi rig cimit ris. Foir ii the 

and1 )' till! liririni c imi ioitri s to the 

a!xp!e, 
cliriate in thre Sinaiiand norhii rii Nigeria issimilar 
t) parts of lie Sidlel. lecliriniogy coirepts dis:ussed 
in this r' ,j~rt (;ani also kipply t Iisetho arci s.
 

Less than 4 p ri:rt of the fiel s larl is coltivaitd, 

and 30 percent of tre land is too dry forigricuillre 
(table 1). Mlre extensive iarrming is restrained by the 
region's soils, water resour-ces, teri'ain, vegetation, 
climiate, and demiogrialhi(cs. 

Soils 

Sahelianl soils vary north to south: imobile sand 
dunes in(] gravelly pans in the hyperarid Sahara to 
the north, deepm sandy soils in the reitaiml senriarid 
zones, a ( linudiri-lt!xtlred soils iil tire low hills of 
the subtiinil regior.s to tie suti (21.1 'line physical 
and C:hernicil Iir ,iirtiis of these soils rVst r1rimuch 
of tie Sihlel's cr'i producrtion., 


Deep saivly soils dominaite ftlnplains, which imake 
u) nisl tof tw central Silhel. l'lheose soils are Iroder

,atedy to strorgly icidic and hmiru low to iroloeriteit 

n smt
phos lortrs-fixatiorr :lm city. They hiave a low 

Itlalic:ized ilo lwi , in pmrentltwwts rtefeto lilernhire citations 
in thl(RO(-hrences wculio~n. 
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Table 1-Land use In the Sahel 

Country 	 Total Land Cropland Permanent Forest Other Irriga',d 
area area Arable 1 Permanent 2 Total pasture woodland land land 3 

1,000 square kilometers 

Total area in: 
Burkina Faso 274.2 273.8 26.2 0.1 26.3 100.0 70.2 76.7 Neg. 
Chad 1,284.0 1,259.2 31.5 Neg. 31.5 450.0 202.6 575.1 Neg. 

.9 2.0 5.5 .3The Gambia 11.3 10.0 1.6 NA 1.6 
Mali 1,240.0 1,220.0 20.5 Neg. 20.5 300.0 86.8 812.7 1.0 
Mauritania 1,030.7 1,030.4 19.2 Neg. 19.2 392.5 151.3 484.6 .1 
Niger 1,267.0 1,266.7 35.6 NA 35.6 92.2 27.2 1,111.7 .3 
Senegal 196.2 192.0 52.3 Neg. 52.3 57.0 59.4 23.3 1.8 

Total 5,303.4 5,252.1 169.5 .3 169.8 1,392.6 599.5 3,089.6 3.6 

Percent 
Share of area in: 

25.6 28.0 Neq.Burkina Faso 5.2 99.8 9.5 Neg. 9.6 36.4 
Neg.Chad 24.2 98.0 2.4 Neg. 2.4 35.0 15.7 44.7 

The Gambia .2 88.4 14.1 NA 14.1 .8 17.5 48.8 .3 
Neg. 1.6 24.1 .7 65.5 Neg.Mali 23.4 98.3 1.6 


Mauritania 19.4 99.9 .4 Neg. Neg. 38.0 14.6 47.0 Neg.
 
Niger 23.9 99.9 2.8 NA 2.8 7.2 2.1 87.7 Neg.
 
Senegal 3.7 97.8 26.6 Neg. 26.0 29.0 30.2 11.2 .1
 

Neg. 3.2 26.2 11.3 58.2 Neg.Total 100.0 99.0 3.1 

NA = Not applicable.
 
Nep = Negligible.


L nd fit for cultivation.
 
2 Land in tree crops, such as cocoa, coffee, and rubber.
 
3 Irrigated !and is also included in other categories.
 
Source: (29).
 

nutrient- and water-holding capacity, are low in or- washing away) and are too stony to support row 

ganic matter (lhmus) content, an( are highly perme- crops. Stable and motile sand dunes are common In 

able once welted. Soils in the area, therefore, are the northern Sahel. These soils are unproductive and 

susceptible to water and wind erosion, crusting and show little or no prospect as useful farmland (22). 

compaction of the surface, develop:ment of plow 

pans (hard subsoil layer formed by plowing or other Climate 
tillage operations), and rapid runoff on all but tie
 

sandiest soils. Fertility is low because of pro
nounc:ed (leficiencies of nitrogen a n( phosp~horous, Sahel ian la rmers must cope with harsh environmen
moderate deficiency of sulftr, an widhsphoread tixi: tal conditions. Rainfall is a major determinant of 
amounatsf 	 mam esp d tc crop and livestock production, Btt the rainfall is
 
amonts of aluminum and Ifthere alhighly in location, tim-
Iafganese. -.,_riable and unpredictale 


no plow pans, rooting depth seldifm limits crop
 
nd an (. fi l)h 2 presents rainfall, temperaing,
the souils are (feep.growth because nearly all ' 	 lure, ald evalpotrianspirajti(on (, 4!r lost by evalpora

tion anl plant 	use) (ldta for three typical locations. 

Three other kinds of soils are! prominent in certain
 

parts of the Sahel: clays, stoney soils, and sand The SahIel i;xperier(ces a distinct o)attern of rainfall:
 

dlunes. Clay soils are extensive in southern (:had, in a suimner wet season followed by a prolonged dry
 

closed basins, in many (d the valleys with intermit-	 season. If tihe rainy season arrives late or terminates 

tent streams (streams forried dui ring rainy seasons), early, the growing season may be too short for crops 

and in the inland dIelta iifthe Niger River in Miali. tio Ilatiure. (rops will fail if rainfall is insufficient to 

While the i:lays are potenitially Inure prI(lii:tive than 	 pr(vide the.moistlur! plants need. Subsistence farm

ers with little :apital, loud, and resources cannottle sanlty s)ils, Ihfey are iifficiult to :ultivatW. 
afford to gamile (Ii production praitices that may 

not pay oft if the rains are not ade uate. Given the 

Ironstone, gravelly, and stoney soils are pirominent 1nn(hrstin(ably high aversion to risk that most Sahel

on the low hills, land surfaces worn front exposure ian farmers e'xhibit, the variable an(l unpredictable 

to the humid weather. 'These soils are infertile be- nalure of' rai'fimll is a major difficultv for farmers
 

cause of intense leaching (nutrients (issolving and and development planners.
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Table 2-Climate in selected iocations In Mali, average conditiors over 37 vears 

Mean montlh data 
Station Jan. Feb. Mar Apr.-May June July 

Mopti: 
Rain 0 0 0 3 24 61 139PET 152 166 215 22) 221 ;99 177 


SikasFo:Rain 1 3 15 45 106 152 253PET 173 177 211 192 185 163 152 
Tessalit:
Rain 0 1 2 230 7PET 114 126 181 205 234 236 237 

Temperature: 

Mopti 32 35 
 38 40 40 38

36 38 37 36 
34Sikassc 34 33 31Tessatit 27 30 34 37 41 43 42 

NA = Not applicable.
 
PET = Potential ev-pot;anspiration.
 

Source: (35).
 

The grOWi igseason in il', ahdel lasts fron 2-3 
mo101nlhs in the torth to 4-5 1on1hs itnthe south ((63).
T"bal seastonal plre:ipitation in these areas averages 
300-400 11i11 () less to ahot t 1,400 min. Coefficients 
of variation (CA's. lie ailnounl of vatriability around1heitiean) inlsea.,ontal rainfall totals range from 20 1o 
0(Ytercel. lietleralirles are igh 'Na1 otilnd, with 

peaks of 35 °(: to i o( du,'ing spring and eariy
suntiler. These hig, leiiperal ires, coupied will)hi, 1hsolar rad!iatio)n, calspothntial (:re
) lt t
l1 suolait iicaieonial walter us.:roo r sell 

poch tf ithe tite (tabl 2). Although totalexaiflel 
could he stffit:ieit for :'c)growth, there is usually
Coullittle ltiistire 1t'tiltf't(;o litleh a.'ailabh at)tge rghtthere fUsualIloistlinr al fill right litte for elIt

01110 plant gro)wl h.tPor"soil w:!ter infiltration artdsoil wrttr-thlittg taliai:i exiti;r)ates the l)ad rowill er t(it ig ctilt. tSahel, 

l)rolghts ire coliltiol ill tile Salel bill 1llrlirlolittable 
in tlheir oc:cturren:e and !tiration. FHgtire 2 indicales 
that there have heeit iore f)eliw-average rainfall 

years tllni 
 ove-Iverage years, particularly since the 
Lite i{tti()s. A t-, al infall hats varied more since
1970 ianl,l t of the Iung-tori rec:(,r. 11e daia also 
show that over the long terit, annual rainfall has 
been highly vaiiahle ins(,asOiAl amotitit, hill dry 
and wet lperiots seem tt persist over iulytivear peri-

ods (6f5; Thl! drouhlts of l!72-73 atid 
 1982-84 were 
part if a lbul_ spell of ,elow-average rainfall begin-

ling abo1 1; 19681 (48). 


Demography 

Eighly pelre:,nt of the Sahel's 38 million inhabitants 
are sllorthed by rainfed agricult tire. This high de-
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S O Mean Meanannual annualAug. Sept. Oc!. Nov. Dec. 12-month PET ' terntotal 
perature
 

Millimetrs 

169 05 24 0 0 515 NA NA154 147 159 157 140 NA 2,151 NA 

326 217 84 19 4 1,225 NA NA142 147 163 164 165 
 NA 2,003 NA 

55 27 1 1 0 118 NA
227 2(1 1/3 131 103 NA 
NA 

2,774 NA 

Degiees Celsius 
32 32 34 35 31 NA NA 27.830 31 33 34 33 NA NA 27.240 40 38 33 26 NA NA 28.6 

gree of depcndence oil agriculture occurs even 
though less than 4 percent of the land is fit for culti
vation and less than 30 percent of Jie land isused 
for grazing. 

Poptlation density varies throughout the region 
3),ullis i ly r e d throaihoall.he eregion 

table 3), atd is highly related to rainfall. Nearly 80Iercent of the rural population is conce)trated intlhe more humid soulltirn third of the region (47).nt, tracts of fertile areas in the south have been to

tally abandoned ror less productive land (lue to theprevalence of insect-horne diseases such as river 
blinidness ai(l sleeping sickness. 

Population isgrowing at a rate of 2.8 percent in the 
[-ind will double in 25 years. Rapid urbaniza

lion ivdl pill increasing strain il the region's mar
keting institutions and infrastructure to cope with
 
rising ihrban food denmands. Urbanization also ac
counts 
for the slower growth in agricultural labor
 
than in overall population growth.
 

Several studies indicate that population throughout
tile Sahel already exceeds its sustainable "carrying
capacity" given traditional technology (101). Carry
ing canacity refers to the amount of food and feed
 
that the ecosystemican iiovide for humans an(
 
animals overt a given period without impairing the
long-erin proluctivily or sustainalility of the sys
tem. 
Carrying capacity will vary as a function of
 
technology (ICI). IJnd(r existing production technology, the Sahel exce,,,ded its sustaina ble population
 
5-10 years ago (101). Given current demographic andagricultural production trends, it is imperative that 
the Sahel make the transition to a more productive 



Figure 2 

Muan normalized rainfaUl in belected weather stations in the West African Sahel 

Mean normalized Number of stations 
anomaly' reporting 
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'The ratio of annual rainfall rnirius Iorig-terni average rairtftill to the loroi -terni standard deviation in rainfall Values for the mean normalized anonalies are seasonal.
 
May to October. totalIs
 
Source (30) Tnis higure IFadapted with permi s;iorn of the copyrighi holders Butierworih Scientific Lid (publisher) For use of the chart In ifis report. ERS added the
 
graph labels and simplified the footnotes
 

Table 3-Population in the Sahel 

Urban Expected 
pop- population 

Country Total Share of ulation growth Projected 
pop- Density population in growth, rate, Doubling density, 

ulation agriculture 1970-80 1980-2000 time 2000 

1984 


Thousand Number ------------------- Percent-------------------- Years Number 

Burkina Faso 6,768 24.7 79 3.8 2.6 27 33.3 
Chad 4,901 3.8 80 6.5 2.3 35 5.4 
The Gambia 630 55.8 76 5.0 2.8 34 100.0 
Mali 7,825 6.3 Pi 5.5 3.0 25 10.8 
Mauritania 1,832 1.8 80 8.6 3.1 24 3.0 
Niger 5,940 4.7 85 6.8 3.2 25 7.7 
Senegal 6,352 32.4 72 3.3 2.9 24 50.0 

Region 34,248 6.5 80 5.6 2.8 25 10.1
 
I Persons per square kilometer of area.
 
Sources: (29, 75, 101, 102).
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and sustainable agricultural system if it is to pro-
duce the food and fiber needed for a viable society, 

Agricultural Productivity in the Sahel 

Economic development antd the quality of life in the 
Sahel depend oil the productivity of the agricultural 
sector. Agriculture generates 30-70 percent of GNP 
(gross national product) in Sahelian countries, eia-
ploys 75-90 percent of the lahorforce, and generates 
a subslilrtial portion of the region's foreign
exchanqge (102). With averago annual per-capita in(o(lle about $300 adl I hmanIIIl life expectamicy of 

albut 44 
years, tie Sahelian countries are among the 
poorest of tire world, 

A critical question is whethwr lie agricultural sector 
canlgellerate ti o(tlllt a d r utral incomes needed toP 
raise tire general standar(l of living to acceplable le-
els using traditional technology. I'his section exam-
ines tie ir plications of current trends affecting food 
pr(duiction, availability and coirsuinlllion, and ad-
dresse:; Ihe jiotenlial role of large-scale irrigation
schemes iis a means of meeting agricultural 

relu irein e nts. 


Factors Affecting Agricultural Productivity 

Th: cuTrr'ent trends ill per-capita oullpul, land quality
and produc tivit , population griw',h, potential for 
exl)anied(crop),d are|, aninh lren(ieMce on food 

imports and aid each 
affect future agricultural pro-

ductivity i,, the s;iiel.
 

Declining Per-Capita Food Output ''ire Saitil ill)-
pears to be slowly losing tie ability to feed itself. 

'I'he performmce,of the Sahileliai coulntries contrasts 

markedly with trends iii 
 Asia and l. tin Aiericai 

and is pooir ven iii iomparisn wilh other African 

couintries (fig. 31. lPer-capita f oui Iroductiin
 
declined ih ,ut i 1. i ipercei t per year (iu ring V9t2- 8t
(tahle 41. 
 Foid output has varied coisiderahly froml 
year to year (71). Given pir(ijei:te(d popolatin growtl, 
food su~plies imust inIcr-eise fi\ 3 percenlt per yea r to 
Inainitainr tue ,irsei t ilailm ulrate levels of' per.caliil 

CG1nsumItiol. 
 Flarirers, trailders, :oislmnIers, and poli-
cyniakers face consideratfle risks and uncerlainties 
(Lue ti the wide fluct oatio)ns ill air iniral food 
product ion. 

Declining Land Productivity Food crop yields have 

declinredi over th( past 20 \ears because rising poprtl
lation pressure has reqlrirecl increased cultivation ,,marginal land (5-), the length of fallow periods has 
been reduced, and rainfall has becorne more spo-
radic (48). There is considlerable variation in this aig-

gregate trend, however, because soil, moisture, mar
keting, and po!icy conditions vary widely throughout 
the region. Yet, crop yields and production in the 
Sahel generally have been very poor for the past 20 
years (table 4). Population in the Sahel is growing
faster than either the agricultural laborforce or cultivated area (60). These trends si.,RLest that each hect
are of arable land and proportionately fewer farmers 
must support more and more people unless spend
ing on food imports or food aid increases to take up 
the slack. 

Table 4-Average annual growth rates in 1962-83:
 
Cropped area, yield, and per-capita production for

principal crops in the Sahel
 

Country and Cropped Yield per Per-capita
commodity area hectare ' production 

Percent 
Sahel region -0.3 -1.3 -1.6 
Mali: 

Maize -1.01 -2.46 --3.47
Rice -. 27 .32 .05 
Millet .28 -1.96 -1.68 

Niger:
 

Sorghum 
 4.18 -1.89 2.29Rice 5.15 -1.38 3.77Millet 3.51 -1.56 1.95
Senegal:
 

Rice -1.83 -. 50 -2.33 
Millet -. 85 1.67 .82 
' 1 hectare equals 2.47 acres. 
Sources: (14, 88). 

IFigure 3
i Per cap!ta food production In Latin America, 

Asia, Sub-Saharan Africa, ;nd the Sahel,
1961-85 
Index (1961-65:100)
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Limited Strategies for Extensive Growth Increases Desertification Desertification in arid regions re

in food production that have occurred in some coun- fers to a process of land degradation, such as vegeta

tries over the )ast severa! decades have come pri- ive decline, water and wind erosion, and saliniza

marily front expansions in cropped area (table 4). tion and waterlogging of soils (21). Soils may also 

means to in- compact and accumulate toxic sulstances. Most de-But, continued reliance o extensive 
crease food production is not a realistic long-term sertification processes are reversible, t)i[ sometimes 

For large the degree of damage may not be reversible or mayoption for most locations in the Sahel (14). 

areas of tIll! Sahel, shortrun production increases are be too expensive to correct. Gully erosion, for exam

the expense of lorgrun soil fertility (54). plo, usually represents ain irreversible loss of' soil.
O(:tirrin at 

more frequent Overgrazing can lead to economically irreversible
Greater poprulati)in (Iensity restilts in 
(:llivat ion oft eisting farrland arid less time in fa- defgradation because the costs of restoration may ex

cult~ ~~ ~ ~ ~ ~ tlieilfil~ ~ ~~ceiobenefints.illldaldlstiile 

0). I lowever, breakdown in thelow periods (6fl8. 78, 

traditioi,jl fillnwing practice accelerartes soil degra-
dition. Lantd pressures will hecom more s'vere as 

)oplatiorn donsi v increases. 
rst 

Rising Depetdence on Food Imports and Food Aid 

Mst l li t(anhii llb-cont Is mteid fi~orrtidi' d~ d 
stnil lnd roiort s iavcoodI ilol, and this eperie-
ture'len e oar ev! () ipor rei l loti'S lo dlr l ariul-
irtre. Dli]il sfii'it ol1iiports iiitotal food ava i lalility~shrubs 

hls bim risii", sirr:e IWi7tO, r c:flrg over 30 per(:nlt 
il VOW4 (lig. 41. t:m .or(Aril hm.d im ports in Mali, 
Nigir iind ';n'gal reds 15, 23, a ml Ilin IiA percent 
plerrYear fetweim Itlib ilrid Nttt. 

( irtin[ew itIrfira llas iringj(epel:fe Oin Inil)orts 

111(iI~w: d(it!] lldpel I a Illislilhlfe irnter'tteirnionali(m 

grub irumrkt, wich ii.v hurt Saireliau i:ountries. 

I rterrnritomal gririll pri(:es litve flhrctutaled signifi-

caitll o(ver thre f pressirriig nationIaltst tov. (ic:iles. 


h i aof ;ir ililh h c(:xchalge. toreiver,
d i:s f ei-n 
whil irlaiorts irof (id help i1ruet rleeis in thel short 

r,111 sm.rf re!li, air f, it piikil calse, ;iswe(ll as 

coils(il',ier e., sfi, -irr iurit:rltrre beilurrrse 

ira:rersilla- toa.d iid il iofilII)rts if lirebmrrei grainrs 

(such is i,0lt'ii aiod rice) iy stil if weirlrr f I-o 

call\i' l i l:cm Iigrills. 

Fg , 4 

Food grain supplies In the Sahel, 1966-85
 
1.000 mutiic tons 
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ceed the benefits. 

Native plants and animals have aapte( to the cli

reat c variation in the Sa hel. 13ut every part of the 
Sahel has been disturbed to some degree, primarily 

from fire, agriculture, and hutling. Fires set by pas
toralists ain! hunters have changed till normil distri
bution of trees, shrubs, and grasses. Fires have in
creasingly allowed tile s)read of less hardy annual 
grasses, and decreased the amount of trees and 

that are not fire-resistant. (ult;vation and 

fuelwood culting have destroyed rntm1(h vegetation, 
there'.' increasing water and wind erosion. 

Rainfed agriculture has expande(l tlhrolghotl the 

Sahel for several decades. Increased population 
brotu,ht dernands for more cropland to feed tihe 
growing nutttme's of' )eople), aild mnilny noinaids have 

become ,nrt-time farrners. With this expansion, crop 
l)roduction hecame riskier as cultivation spiread illto 

ever-drier areas and as f'al!ow peri(fds became 

shorter. Poor :'ops aind raligeialtrds less able in with

stand heavy grazing led to greater suis.,eptibility of 
the land to water dnrd wind erosion ar1d to a fur'ther 

decline ir proulctivity. Salinization due to over

irrigation ias atrfecterl irrigated land in Senegal, but 

the regional extent of this (and also of' water-logging) 

is riot known. Despite tie inIparent benefits from 
latur-:onrserlvaltio Iuract ices such its Ier'anirg, field 

.use nif those techniqtues is riot cornmon (76). 

The Potential for Irrigation 

is an imlportant limiting factor in semiarid re
gions. Despite the popl)ar appeal of irrigation to 
stimulate agricultural growvh, about 2 percent of' to
tal arable land in tlhe Sahel is irrigated (29). Most 
analysts colncur that harge-si:ale irrigation will gener
ally rerirain a costly way oflproiducing food, and will 
increase at it slow rate over tir next 41) to 50 yeirs 
(14, 26, 54, ltl}. 

history of irrigation in Africa has been miarked 
with fblse' exer:tiorrs, cost overrns, Mrd failures 
(9, 26). M'iatlon alnd Spencer not( that ... ex post 
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assessments of the economics of large-scale irriga-
tion projects have usually revealed economic losses 
or noncomlet iie retLurns" (54). Reaso-..; for such 
low pertfori ance include high investllent costs, 
high mainteriance costs, difticulties in organizing 
farmer irrigatio associatinws (to marage operations 
effectively and mai ntaii tille st ructtlres and)equip
ment), variableagion(nli pakag~s il)l riateoflow ofiladel~aemajor rivers, inaph~lverptro sy-agronor i ack ags, i 

I 
qat itl
nade eifa delivery s 

tent s, a nd li jck of irtiir kiciindttts lorea sjteiali:'tttfut i g ijttoiiiruttinlnrtfast i t urt,systemts,that ac 

Prospe:ts ft)r ('.:oIo)it:llvvil e irrigation schemes 
in tfill Siftil ipwtatr musl protlitisiiig for sliall-s;:ale,
la)or-itnfewisjv., s: inws()it le fiarit .27. :i, 01).Slich silall-sc:ahe"ch(:m(s wvith ,i)llph IpumpIs o)r 

itlaual waher-liftinig (tvi:is, voitd high overhead 
c:osts (dIf la(,si\ it i litig wovtrk anlti llgla"e i(ru 
c:osts (if , iittgI l(irrigatiiti. Ilr :t)rl aiitiig 

in 'liip itu t :; Ii:S iltt, ;(! 
 trat ilio al l rm s i irri-
gatiolli tsuh:ll'sI"t, tisilig wills, t(*essitoi al ni 
tttt aitt ig, ;1l1(1 skv;Ix'ipillid IfalItit g) b ayl fil tin 


also hitr(! ]hi'4l 5ll . Yol, "l(:h sill ll-s(:ahc inilia
tiV(es anl'!;1[1,() ,<ili! lI lIll.(ll!l 


t ut ril t 

J atlid (co)(l'(illal-


(7 l sttt es~s()I laig fi llid siStmtllntftsi{: 
itrigt itt 
51It'tti t'llj, ( t tt) tf. i wititrit)tal ttrgarii-
z o)it 1,(1s t :h ia ti lit .v u,(ei s ti i a o l its l ul i:ci . Ilit 

rizle's it itlt itiwi 
 u s dMa li's ()li(:( (Ili Niger':''If t(,h)i i l st)li)li),isa i tJ() i() i if l u)Jtlhie Ha h(-

iii it titto i:ii, li(t)i t ,;oiitt 
 iurrugali toris lhlnrtt 
xi(ll foo I)t k, la iig i t uil tld e it h(t(linrig tItc(e
Sulit t11mlt'l I1)! il 

Dryland Agriculture 

Rl~ujitl :))iittii: gritxx'twIt ihijittittfs tot inr .itfng theRatit , noi;Ii: "iroltt l d'itt l ier(usvi it pUrO-hltit:ts a sif dyittitshtari ltiftre Iitgi'S NI' auit
(Itiijll(si ilL g slihart l! t tie alt r'fion'si ()rylarN and 

utlioin ;itotitts l(t) 97 )(r:ettt of ill] a i(i dir 

:tilt ivatititt ill Ih, "all) (29). ( iisihitig th( lim ited 

lcitltilifal I lr,4l!-st iltirrigation,
u)r inci:rtiasedf ;triofth:-

livily )I t lt i t tullre is iii)(ra tiv(e ifIlie "a-

hel is tti 1(,ti i ti t tlitther
ieet Is ilt tilheitiliuit 

antI littig 'till.
ftttreustf agriciltlural ,ritifitt:tvitv 

(:all rat'tS i: titrl tsi I) '
 t tr lit
ing surplits ptro)-

iih:itttti i iiua(t,;eisitf markit salts. Yilbf-it:r:asirig 

tith ltg s, ii uix tliltI fitiii ly ftotd i ifs It)he
tiii 


ptro)dltf:,!l witl i lI.s> luidlt ,rtlh
af r, 1tus ttreeiig these 
totul' t()Iii ilnt. itiiat(ulJt)tf r titl(t-go it 
 ivilits Stir:h 


as ,:olholl ll]fi()l o)ro)lf-lari) l ).p)ylllell l18)}. 

Bill call trl ili(tlli fiv1 'litd I rodcti ontl 
 lt chii itftes 

Iht
I fluidStltl's ieuIs otvetr tle nttxl several 


ftv:adhf;'f ' NItit to n rists ant!skipt it:;I Ifhat i low-

rlist
iiI 
 approtra:h 1),vits'!lt (.Iitl:li,ti'i tltesit ohijit:-
livets 119, 2, 5/, 8ot), 92). The histtori:al r'en:tr indi-

It
 

cates that low-resource, conseration-model 
approaches to agricultura! developiment, focLs irg Ol 
labor-intensive cropping systems using organic ma
nures and few pumrhased inputs, ha ve proven inca
pable of a,:hieving annual agriciliiral growth rates 
much aho'e 1 percent (92). 

lowever, elemrents of the (:onservlitioni riodel clii be
modified to incilIde (;ea greater r'elilti o )nurchased 

i l ~ t F ~ o S ~ ~irlyhits inl orde~t' r i( stirltie agrirciltiral growthd Oi g i Ht l i l g ini asisLtainable ' Wh i l iway (92). If wc define techitlogy to rep
resent the whdoh systete of culivati)in, in(i:li!ing liil
lowing, soil )rOductiort, and wafer :oi)iservtltio)
 
illt( ,t lln imprfrv(( conslrvi 1practices are
onte:chnic:al inpt~s co(ntained.( diruc:ll, illc:rop ) rodt(c

tion f(:lit(ioIs. rhltsc :(orstrvatioll inluls dire(ll v
 
iifltntrt e l p froducitivity cit (:t)nve ittittal irllpits
 
(stich itslabor, fertilizer, and animal tra(:tior ). Iin
prov(:t soi l It iity an "o'ur 
 tlliir t an,tiigltl(t crii
i:ally important to nhali(r at(f sustain the( land's
 
loinl n pr(,'ftic ivitv.
 

Significant portions ofl till Sah(:iel ( :ke:d in ,I vi
l, of i :c r oise d Cultiva l iur a n d Fa llin g pro

dui;tivity. Figure 5 illustrates this (f'nai 
 ic c (le' f' 
d i 

declining pro t:livity itdr'ylaild iAgri(:tilti LTilsc:ycle: is driiven~by rap(J poplulatio)n gt'i)wtft, slow
 
techliological 
adv'M :tt, floottr iItt it (tel ivery aitd sup
fort systIllS, ilti (fLUSti( ia 
 lt, gov(rtlllent policies.

lflreaking t( :ycle will 
require inrrttluc:iing appropri
ate and :ost-effe:ctive tecloItltgiets and related land
andand sustain uigt,,t(:nl prclr will enhancetlliui:tices thatnir'odictivity. 

fl(fuirenlrtts for extuitiftd food SLti)liets Create
ft'SStlre oil land rtsoui):tts which, in tturn, breaks

down traditional 
 fallow systerls iandpushes rmore 
cropI' ial I ani. 

soil fartility and. 


ei onto i rgin These chllnges red Lice 
thuretf r,, !:!,)d produfctivity. l'acing

iln ;retsiiig ity)tulut iin (h0ilsiti(s arid (declining (O1) 
yields, ittany countries illthe Sau l Iret(under evert 
great("r pressure to f'.urlher re(lice fallow and e:xpand
cullivation. Exlpandled crop()land and itucreas(sf de
manil for 
 in iathave also flitprttssuret )ti radtitioinal 
livestock l)rodu(flion systems (14). fite loss of Irai
tional trailing ttptor iliies for nomadi c hileriders has 
increasel the iiintrla(:(e of livestotck is tsi)ur:(. itf 
iltcoime; fieni:e, her siz his Itti(ttt totinicretase. 

ISOh gaziig and c:ropptfting patterns-the fItasii; prolu(:tii ur ssten-lllhav,, tfterethe,r nlrilititil t, dfe
(:iling prohuclivily aitrt ilt(xrsilig teseI'lifir:ition ill 
Iallny parts of' li( Saltl. Givei l fc l ii:illty nfialter
ing ipopu lation gruwfi and then Strong ilhIVrr(ltlti
ships that exist between tpulation growl, socio



Figure 5 

Dynamics involved in dryland production inthe West African Sahel 
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Technology and Agricultural Productivity 

in t e Sa e lin te Shelhave 


osvam'insete. (evrwaecotolilagy hetn 

high-yling ciop varie ies (tIYV'al.)i 
mos l os lofitable oly wien 
yield gains fro y 

YV were effective aind 
cwoitbihhelo with wal :oltol an ferlilization. This 

a favorable agllonoicneigvirou
niert for stli~cussful intr~odutiction of*these; new CDl'
 
var'ieties, lhoweer, water c:onlrlol is lar~gely absenit ill 
ihle Sahiel (11-1). Sanhoian soils also shallower, haveare,( 


o o ~e rtex tu irea io e to g lea 1l,rel-osio nl,, rt; lp a n d 
lower- waher-hioling capacities than dlo soils inl 

While illw hto:lnlogy and relatedl farm niianagenlelt Asa(9) 

pr'actices stinliated(agoriculturlal (lovelcpqmlnt elson ~Given ii-i curi-enl shato of water conlr~ol and conlser
fardolo rly:1483n85he I texalolehig lv-y ein ration,, ainalysis jire r~eassessing the approp~riateness'5 ah , 
firied sedsillteSaeli increas of' the high iipl-dlepend~enl seedlfem'lilizer,lechnlolooreallpu e o 
cop ol uo(lv -i A Fod gies for the Sahel (47. 51, 54). Sahelian farmers haveti Asi ca li ercai-


ci-p p-o~uclviliL tinAii nd llgenlerally ree(cled this aptl~rc ll: tl",V's
villAsi, i-ia, hecallse 
other parts of1Africa, hill no~t ill Ihw Sahlel. This sec-

A d itionailio ex ail i i s t il !e I o tm tia l t'ol,techli o lo g ic a l c h a nlge 111110 1 l tj 1 fl'lrfrl ';t l(:1 o01 ViI Or Siel in a e a sll 
ill he ol ili(Itheofillpl-ved oil an wael- with low Soil fertility alnd Soil illoistlire (54). Ill addiahe 

inalheaelon thellill! illJll pmlroessoil an ahrion,applying fei-tilizers ill seiniar-idI regions lacking 
lll~nagqnllltecniq~~srocsswater, a high pInohalbility of'n tis contr~ol is very risky, with 

{629}. eclihologies 
iniprove soil :noistuire and inaintain soil feirtility ill 

Th'le inlcrealses ill t'ood gr-ainl ollliu associated with the(lon1g run1-theL Most preTssing prI)Ohh11s illSahel

the G;teen Revo~lution inlAsia wereo basedI huigely Oil tal ailtue.11 

A Sahelian Green Revolution? econlollic loss These (hllittlhe to 

http:ailtue.11


Improved Soil- and Water-Management 

Techrnlogies 


Making mnore, water avai!able and improving soil 
conditions are needed to impr'ove 'he environment 
for crop growth and einhanco, agricllitural productiv-
ity in the saliel (62, 82 ). Resear(:ih lids focusIed on i 
variety of' farm-level to:lnhologies in the Sahe] aimed 
at improvinig lanro rid ater r rgment s)il fhrtil-
itv, andIlth refi'lrns to s:arc;e fartor's of pur'(duc:tion. 
The following h:hiliqes, all praotii(:( to sllire ex. 
tent in the Sire' , s(!!m lo ha, potential for the dry-
land ar I'hb e.rregirig roerhn-logis eihancelws. e 
the soi; lor cio a1f livestocfl, prod'otion and iiii-
Pr)VIlov g! rial fairimilg ira;:ri,:es. Allhorigh tfley cancreate tilt kirn Io agrororrir: condlitions ne::essary
for ii Salolian (;ur(! el((vollit ioa, lhie aI ,proalhes 
have nolIi.r willv irdoptlrl hY 'airllwr.r'. 

Tied Ridges This te..hiiqir invo.lves first prshivig 
the soil into ridgts andf tenii rcistrrlrting small (likes 
a(cross the firr(os, c:re;atin g aideir essioni where wit-
ter acculiliiates isle;. of)I ii liog (of. (rops 
i:lIId tin Ihe r lges, rle:eiv' grele'l ;urd lrmger ;(:-
:ess tui water tJIIrghmIt thei se' m. 

O tility andf 

!ry r:or. 01.i', wahIlr ar1 liditi ierosiol. sanders, 

Navy. milirjiirli rSrhi f tfhait 


"'ied riudge, pO11Ior oil h,: ini;rase ,'ielis 

tiilridges 

itrn:r'asmi! sorgilrri 
 vildis tlwrrni 29t--71 ipmrr':ent in 
ro'(oeit I rrii-hIlev trirls in litirki i l"ast)i1821. I)ugtm 
(23): Ni:ii ni (Ch;irrn irt 166): ;irf ()iri, Nagy. tnd 
Siivalfhgo 170) alsui firiril c:irrslteitlv higli.' yiethis
in t; ;ol-IidIge! liel s ill val'i iis siretiiarid errvi 'l 
urents. l)Iy ar(I Aillhr' I n li ier tstirwiththat 

small ailnunruts Of l t if lizi r inlh gi(nO harii iim ia ne-

Illlt. colserviiig sonil imristure i:,uhl tpiroihf twu-
hilI tofourtr dlm ii;res ill hiii i rin. i ti0- lo 

90-peri:ent in: r ises ill (iit lnI. ()Ilher wvater
c(i-isirvilioiter liiis~ireirlrnle .
I:iuii depn;sills iriuiril 

the hliise 
 Of Iu ls 10 i:ilij i tr!.,i ifall, s;rriI 1:allh-

irent sIasiiis:;tlll e r throiig teils. sl)irui
ol llt ir" 

(emtrill f.i w(ri itdgoonl rs wIItte'(!, wiI(re spulc:-

irg of plants, a;IIi wm lr
I jil iti rgrss fririows. 

Animal Traction Si il tillii' ii.,\rir;.i is viry Irur'-
inelmsive, liiitlioiAlfv rerlOrieil l iyhilnd. Alirmil 
tratin (Ox 'r1r1fiiinkiy w&,s,illihmkridtri.v ii tir 'Sael 
al Ire hegilniring uf this r:errt ry, irI is irsuif ru 1Itt ir 
15 percent ()I h I ji?). I trtii in iiluiltiviite I rea 
the Sillirl is Irrirririly iser liii,' see!rfilg aind weerlirg.
o)erations auf! very irir' . larly liii' soil tillage, exicelit 
in thIe ii id , o:thlmi;' ll 1 su whor is grurwIl i1i.
I :ash Oll I.(6). 

Animal Itrati:n gritm'illy i frivmns llre ljjIrrr fryil-
creasing soil poriosity, wvltr" irfillr'ttiur, atr :romser-
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vation of stored water. With this technique, more 
area can be cultivated with less labor. 

Fertilization Soil fertility declines without chemical 
and organic fertilization. L'xherisive, shifting cultiva
tion pra(cti ces have an iN'::reasingly limited future in 
the Sahel as land pressi *es increase and fallowing 
systems bruak down (73.. The''lexpected shift toward 
intelSifiCfation i0(1 (:OntirtILrOs (:r('0)ping will require 
cultural practice, that restore fertility. While nitro
gen and phosphate hot ifizers can substantially in
crease yies iof all food grains, hybriud varieties re
Sl)poi( better to fe;rtilizers than "o tir'a(itional 
varieties (70, 7J). 

Interating cIrop ald] livestock fariming (:all provide 
m anure, ai way to (ex ) isn(!ise f (H',ani( lertiizers. 

Farms in rlisely setll regions iree! stables for tlhe 
livestock and fodder at fe( d sul)l)henrents, whichthen re(luire! aiMore intemsive crop piroduction sys
tern. Natural deposits of rock phosphate found in 
several localimis in th Sahel (Mali, Niger, and 
(had) could lr'id e l ;h mlei tirsphate, blt pro
cessing illproverlleirs are rie;essary for' widespread 
corn rn:eriIl via hilitv. 

Anti-Erosion Dikes and Bunds Dikes and boinds 
iir'e
bar'iriers acr(ss rnirIff reIs, r:reate(f with bun
dies of' stalks and brari:he.s fixI totilhe grelir( with 
stakes, oir with low wiills of rock or rock and earth.
 
Dikes and hundi s in:r'etase rainfall infiltratior , limit
 
lIandf (egradati(on fruun suril ;rosi(in, aid limit the
 
loss of tni ll in( Il or itrlic ralter thaxl


, 
.ou!(. other

wise be was t-ii 'fffror1 fields wit h untitnoff Con
trol. Wright forirl stilislically significant yield in
jurovernents on fir erinimrmillet all(] sorghin fields ill
 
lBurkina l"aso from the 
iseuof'anti-irosion harriers of' 
this typ ( [1031). 

Mulching NIilh:hing consists of leaving crop resi
diles on tI1( soil 
surface to limil runoff and erosion,
 
r'(flrice evinll)r irt r, and erir 
 :h tlre soil with ( garic
 
raott tr (66). 'lre be lefils OI nihl:lhirg ar,; very seirsi

tive tIo he voltiire ot residlre usel m soril sUrfaces.
 

Agroforestry and Alley Cropping 'lailig trees in 
:rnp fiells inllirovs soril fertility tlirmigh ilh nilrogen
fixing lr'rotorrlies fIttIe tres, jnruvidfes shalh an(l 
lurohuute s the soril froirir I1I( sr:rr:hing eihni:ts of tllre 
stril, furirvidhfs it su rce r f' i1hIhI, roltii:ces erosioll, 
r'ini:xI:l!s suril ir:inrinirts fiOrii the lhw r slin strata, and 
plronivi(es a smilnric iffirewol 11(iml r.lfrage. 

Other puimt lially irlrlrisiig siiil-irirgrmr iunIt lech

nilttos iriclle Iliui lf"i:imil in rtmngr'Ilirr ifcrop
anl livestock pr'odultion, .rse oilgirei m ui'nriing alndrl 
lgumiirLus f'0i11(!ei' (rops loir irl)roving suil fertility, 



and use of blue-green algae and other nonlegumi-
nous crops for nitrogen-fixing (54, 103). 

Constraints to Technology Diffusion 
in the Sahel 

Ifthe previously described techni(tues are viable, 
then why are they not widely used throughout the 
Sah el? The extent to whichIa given technology will 
be accel:te f by farmers deplendl on the characteris-

tics of the t:finology aniiiits compatibility with the 
physical en vironitient, tesouices of tille farming sys
tm, farmers' goals and adolption criteria, existing 
marketing instiltlions anf rural infrastruCture, and 
government polic:ie!s llt afhcct the farnil se(:icjr (8). 

The Physical Environment 

(rop and livesto:ck productioin technologies nst be 
tailhn' Iti Ie extrme (:linit and weather condi-
tiotis itl [)oo soil nesOtir:es of tIm Cegion. Because 
of t ihe sncilii: soil a md wathi :ondit iolns, thany areas 
of teic Sahol are not recetlive to i itlliortititste 
teiftulooie s. Ilie growill . seaso n is sl. hrccilPit 
ion is gei rillllow and uil ,ys iregular ao untpre-

dictalhe. Tolptllit lrs uing tilie growing seasoni 

ure high, hi 'ig It I higll evalpoirItioul inf (rop wvhtr 
de ntias. Na iioliall is il ltuse atld er sive. The soi! 
suti'ce llenl fornlls a haml rust ihat isdif'f cuH!tIo 

ing increases as the slope of the land becomes 
steeper. Yet the potential for breakdown makes tied 
ridging less viable on slopes greater than 3-4 per
cent in humid regions (46). 

Animal Traction Although 125 animal traction (AT) 
projects have been initia ed in French-speaking W( st 
Africa since the 1930's, farllmOr adoption remains 

spotty (18). Many farners ahandon animal iraction 
after a short perio(d of'use. While non adoption or 

abandonmient is related to conflicts between AT and 
th(. resources adil goals of' low-resource farners (ex

arnined later), there are several technical constraints. 

The effectiveness of plowing with animals is limited. 
Donkeys, the primary traction aninial ili mainy areas, 
are not strong enough for intensive land preparation 
during the planting period. Oxen are often weakened 
by inadequate diets during the dry season. Poor 
health and high mortality of draft animals r.,duce 
the capacity of fallnei's to follow cr) prodluction 

calendars (that iiSSuime maximum animal health and 
efficiency) reconimenlded by extension services (97). 

P)owing is fifficult in somle IrealS until the fkrst ma
jor rains have softened Ilie soil. Hlowevet', plowing at 
this time causes delays in planting and can thus re
(fiice yields (Il}).Consideing Ithe importnce of the 
timing of planting for the success of the crop, i is 
uderstandable why plowing whole fihlds with AT 

is soihordinated to planting in pockets at this critical 
break at lal-i-propiartiomi tine. Soils also f ireqcltly period. AT phowing is especially limited where the 
seal-over' followijit rains, :using iiiireisedf sutrfiie 
ruoof alid Jecrased infiltltuiion ).38,.'19). And niucli 

of the arihhlrila i tie Saliel is ili fragile and low-
h!r ility soills ,'(821. 'ln.,:a physical conditions 
iwsitsraiti tlhe ridige:;.use of!liedn uiitial traction, fet-

liliziuli i, ailo tiiihching. 

Tied ridging significantly improved:Tied Ridging 
yitlhls initt,,,ltiim 1Ohhigi-qnutlity soids. Yet tfhe oftiets onl the om t os sogil tat oisYtiteale 

rainy season is short and sporadic, and where the 
soil (foes not SuppHort tl'(fhctioni of the higher val

ued cash crops that may generale the investment 
capital needed for profitable AT use. The parts of 
the Sahel where AT'use is highest-southern Mali 

and soutlhwestern 1Burkina Faso-have longer rainy 
seaSOliS ;innd producel(:011olth as a cash crop. 

AT could acclerate soil deterioration and erosion in
 
porio of iinthsIdl ahfrl"hecotIv'erImsh s ill arelless - ahsemce of measures that improve soil fertility
1 itn'tiin ttl iilih(It lntii the SutheI are less eni

cotiurgitg 17). 'tiel ridging does tnt aippeir to he 
viabhle ii siloly soils, lwecl:tse tlhe ridges easily wash 

or bhb iwwlv I ipklcp oI Ile riges in Ihis environ-
itit w(,i hfitoirc subsiantiill v more labor. Nicol 

and C:lrltilll . ggesl that ilnlfer suci coinditions, it 

is Iptch alihii IoIcr ii ng filter il fll! seilsol so 

lhe rifges n ill Iast In stioig )y,%iitl blosson-
ing, a,vey lress- swiitve 'ie of plantt growth 
(66(3). 1l1w1wr. itI l t:iisiiler wlielter t:-oe :otilsl 

ti ofii litI ridtgls providh!s gutitenh ret0uttis to laior 
Ilmln mlloting ta ro o of-fituit act ivities. 

'Tiedt rifges fitase yield ,ante,tliat simple ridges, 
ext:ept ill lowliltid 'Ihe foi' contour-arets Itf(i). ieeid 

Small faiily size iilIl)ears to impede AT Lse. Six or 

more faimily niemfwrs appear to he necessary to 

profitably use a draft team. A study in Burkina Faso 

showed thal families using Al' were about twice as 

large as those not using Al' 1-10. 

Theie appeal's Iobe it long hliitiig-clrve phenome
t uass:iated with AT.Taaiinu aniials to perform 
takes time and offtort. Jaeger concludes that ittakes 3 
to 5 years for farlners to master the technology (41). 
lI'meI's who ate unable !odevote the lime and in
vestlmelt costs to becoming better AT otperators and 



managers may achieve c-ly marginally better returns 
than with hand tillage and may soon give up (41). 

Fertilization Use of chemical fertiizers is rare, aver-
aging 6.4, 1.0, and 4.7 kilograms per hectare of ara-
ble land in Mali, Niger, and Senegal, resp)ectively 
(88). Chemical fertilization is risky in semiarid areas 
such as the Saihel (:dcauseit requires adequate water 
at the critical stages of plant (fevelopment to be prof-
itabie. 'j:e, therefore, is low, especi.lly on local crop
varieties. 13 t response rates inprove dramatically 

when fertilizers are used with improve(l water-

control techniques (6:1). 

H igh marketing costs also constrain the demand for 
fertilizer. Lainlocked Saeliehan countries without lo-
cal petrochemical industries incur high transporta-
lion costs in order to make fertilizers available to
 
farmers. Even when econmlolically viable, fertiliza-

tinii 
 rem ains low i manyi rural areas because of 
poorly (eveloped inlpul markets. Weak fertilizer mar-
keting systeims also ilnipede ite use of other technol-
ogies whiOse Ifr(fitabilitY depenIs Oin iidequate soil 

fertility. 


Moreove', cheinicil f':'tilizer does little to enhance 

soil fertility over 
the long rii n1. More intensive culti-

vation requires colileneintary applications of 
or-

gaini ilattir to slustaill ill agriculttrill system.
 

Mulching l(flieu:d eva)oratioi is a key condition 

for imrease f yields 
in (dry regions. The moisture-

r(tainiug atvf'itaiges of il(:ching are directly related 

to the v(olume of niulcfh put on lop of tit; soil. In the 

5alel, crop residues are the naili, and sometimes 


tfe only practicl, source of mulchilg naterial. If 

crop outpuit from l tfe previous
(jliuiitity oif residue univ ason was lox, thet!betinsuifficient t) signifi-

quilitlv fit 
 ti%faoiier. Inadequate suip)ply is the 

cnstai~n~t O ftilg01'. 111iC(iiuihO Supinyg. the 

iliany ('olpet lig dellin(fs
pcti o r.;s inl.Te, such as 


lixestoc:k tidder, fuel, andl 
(:(llst-i'tiii(m Steiial, 

No one part icular teciology fiickige wxill likely fe 
viablet lirololul the Sael, because eivironmenital 

c:ond(itions var cmnsideral'v. Agriculture is site
specific; whit in locationw'iiks one may not work 
il another, cvci ill ie saillu cou iltry. S il colilposi-
tioi a nidfertilily, ili(f egreeifpiqpali pressure 
oil the lainl. the aiioiitl of raifiall, and tiwix(loll 
vary froi area to area. 

rarmers' Goals and Technology Adoption Criteria 

The crops grown amf the technologies used on 
farms depend oii farniers' resources, goals, and deci-

sion criteria. These factors must be considered to
gether, because the resources available to farmers 

largely determine the goals they strive to fulfill,
which then help establish the basis for many farm
management decisions (83).A detailed treatment of 
the objective functions and decision behavior of sub
siF.nce farmers in the Sahel is bayond the scope of 
this report [see Dul)riez (25) for a more comlete 
treatment of these issues]. 

We discuss 'ourfactors that weigh heavily in decisions 
fares 

regarding the adoption Gf new technologies: farmers' 
sequential versus "package" adoption preferences; 
farmers' attitudes toward risk; the availability of, and 
economic returns to, scarce la)or; and the capital out
lays required for investment in new l)ractices. 

Adoption Preferences lariers must decide which 
technologies to adopt and hov to combine them. 
The technologies consi(ered above complement each 
other. For exampile, the yield effects of tied ridges 
and fertilizer are gieater together than is the sum of 
measure(d increases when each technique is applied 
alone (61, 78). Clear superiority of any one technique 
over traditional )ractices is not always assured un
less a combination of two or more new techniques is 
adopted. 

"Package" adoption, such as combining animal traction, tied ridges, and chemical fertilization into an 
operational package, diffeis fron the typical sequen
tial adoptio patterns followed by subsistence farm
ers (25, 27). Information about the behavior of sub
sistence fa'ners suggess that hey are reluctant to 
ist farmers susts thatthey ae lc
 

hainvest in cie xationls with xehich
simltaneouslythey have little exlpiince. Siimultaineously mastering 

several new techniques requiring substantial changes
in the household's resou-ce allocation is understand
ably difficult. Moreover 
 the learing curve associ
ated with new adoption showsone component quickly and benefit 

a rationale to master 
from its proper 

use rather than making slower progress in attempt
ing to learn sevei'll nie', nietfiods at once.
 

A's'appears to achieve tim greatest retuins when 
used on high-quality soils. hic economic viability of 
AT on l o()ier soils is iicc'tain. In such cases, the 
stc(ess of A'l' to enhanc:e land i)uctlivity depends 
On related soil- and Wx'tte'-lllililgelut techniques 
(50, 51, 67). For example, lied ridfes and fertilization
have significantly incireasedf the prodictivity of' ATin Burkina F'ato (6l. Withoul hese complementary 

practices, A' iii caste'm Burkiia laso was profitable
only with a subsidized crdit rate and high salvage 
value of' iiatuire oxen (4). 
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cial outlays and also the costs of getting informationManual construction of tied ridges requires much 

labor at times that compete with planting and weed- about the technique, the costs associated with the 

ing activities (62). Tied ridges seem most economical risk of using it, and the psychological costs that 

when constructed with labor-conserving ridgers stem from a resistance to change. Evn if technically 

drawn by AT (82). and economically viable, a new practice may not be 

readily adopted until the subjective risk of adoption 

decreases as farmers observe the experiences of
Fertilizer by itself also appears to be a questionable 

early adopters under conditions similar to their
technology in many arid regions of !he Sahel, since 


the risk of losing the cash out lay is significant with- own.
 

out niore effective water control. O1) the other hand,
 

yields from fields prepare(d with tied ridges without Use of technologies such as chemical fertilizers and
 

new HYV's has fared poorly in the Sahel, partly befertilization iire c:onstrailne( by relativel v lower soil 

fertility (I62). Alhoughl tied ridiges alone can alleviate cause the technologies are too risky without assured 

erosion, tihey,canlnot (oihat lolwv soil fertility. Nagy, soil moisture. Techniques that stress planting single 

Ames, and m)]ill concluded from their Burkina Faso crops in rows also appear poorly geared to farmers' 

study thalt *oly,vwhell used in combination do tle risk preferences: traditional intercropping (planting a 

two technlogie, pr)vide a subhstantial netq return crop between the rows of another crop) practices are 

and ret urn per hImr of additional labor at a 4evel of better designed to reduce risk of disease and pest 
risk of' l)sing tlt cash outlay that may le acceptable damage (68). 
to faIrineis" (62). 

Risk-averse farmers also seem to exhibit: reluctance 
lDesp ite tlihe :hai benefits oil yielfs when used to- to depend on unreliable markets as a primary source 
gether, the ipa:kage of tied ridges, fertilizaliou, and of items for household food consumption (20); large 
IThas alilde slow inroads over the years. ','he silnul- faintly size, which helps to ensure an adequate sup

taneois adil)tioii of these techniques constitutes a ply of farm labor; and a preference for local seed 

major chanige ill traditional Salilani fariling sys- varieties that are ada)ted to different forms of risk 
telns andilla lie pierceived as very risky to Sahelian rather than high-yielding but drought- and disease
faimie's. Yet, ihlpting (ll e technique without all- sensitive varieties (97). 
other mayi il tie viahilityfede uf either.
 

Rskn Ne technologies must be compatible with subsiscertaiiitc 
tence farmers' risk-minimizing objectives and food 

ouitluit and ec(oiiOiiic reltlius l)ervades farming ev- needs. Techniques that increase average yields or 

erywhere, but the risks associated with uncertainty aver tt inc reaseries o r 
net farm income over a series of good andlivig oi edgare ntic graterh~r th ()' saverage

are inmnfU grlteil fo{r thlose bad conditions, but also increase their variabilityi living onthe edge of sub-
isteioge. Ilitie ma ofghly n Sahlrei- from year to year, are not the kind of change farmerssore vnrae 


1
ian aigriinltuure is the highly variable' am uuredict- want. Norman observes that:
 
able seasonal rainfall. ()tlher causes are the existence
 
of(if a wide(! range ofIciop ianimal pests, umuflresee- The relatively low incomes of farmers seriously
 

able i flutnations for haller their ability to shoulder much risk. This
n: armlin inputs and outpUts, 

unreliable i availability, sudgen implies that adoption of new technology will be
giui influencesoif 

ttice-deres sing hoof aid, n goverleil policies much greater if, in addition to proved increased
 

that uake hiriing risky. profitability, the risk or standard deviation in
 

returns of !he improved technology is the same
 
Suhsistence farmiers ill aiutalurlly difficult and un- o, preferably less tha traditional technology
 
predictabl exvir inlen t cannot afford to make inis
takes that may voparnize their very survival. tncer

tainty aint the liniiited reserves held by the majority Returns to Labor Rainfall conditions throughout
 
of farmers have the effe:t, therefore, of )rodtucing the Sahel compress almost all (ryland crop cultiva

very strolng risk-averse attituies and behavior pat- lion into a very short period, putting great demands 

terns. Il the falce oftumnietaiuty, farmiers teid to fiol- on family lalur. Evidence suggests that labor short

low safe, tine-testepd proihuiction ani marketing ages at peak periods during the production season 

strategies. constrain farmers' ability to make greater use of new 

soil- and watei-in~igenent technologies (27, 63). 

low-reso o ce Salhelian l.abor shortages occur even in densely topuhlted ar-It is diffii:ult for risk-averse, 

farners toado(1 t a new arming technique. Adopting eas, such as in lurkina Faso's Mossi Plateau (78)
 

new technologies involves (oiisidferation of ite finan- and nr.hfllern Nigeria's Zaria region (fi), where the
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area planted to millet was constrained not by land 
but by labor during planting time. Local nonfPrm 
employment opportunities, increased school atten-
dance, urban and foreign migration of working 
adults, and/or cultural customs and activities prevent
farmers froi using laborimuch beyond that available 
from the family (!1)]. Roth and Sanders found that in 
the highly populated Mossi region of Burkina Faso, 
less than 10 prer:ent of agricultural labor worked on 
a hired or exchange basis (711). 

Some of these fa.tors, however, do not reflect !abor 
shortages per 'a:. Rather, they iniatteth ,
the low tuarodoctivity of agricultural labor, which hashas 
induce( people to work off the arn. If a technology 
increasedf labor' (ctiVity, households might I'l-MIr 
locate lalor hok to agri(Cultur.:, thus re:moving tile 

Ia!,,,-,.
:oist ilit. 


Because pn.itidctivit\v isusually measured with re-

Smy to IIIr(!,:nrrsithrf omllmsl per labor hour 
milay be il111me lmw;lilq~lgll rlecastre of'productivitylhan output per I:ectre in regions with a short sup-
ply of lfur (1-1. t!N. 1, -1).lInthese areas, fi'rmeirs' 

choice o I d(hgy I
f' n:h III he gr'ea llN influenced h.N 

the relative re 
urlls to l[hol inthe peak laborr-

(fe lmird por s 168).
0 u in 

Inrcr'else 
 Ifiaru u-Im.e I(er :livit.y, ther'efore, depends 

on t:ellnilogiw thort are
lnilpatibhe wil, farm labor 
patterns. Now technology moust either redice peak
ilor ofottlemecks 1byreallocaing lanor from high de-
inanml lexlpersive priods tolower rheminid (cheaper) 
Jrerio(ls. or tIhe lechlin'd gy oiust raise the returns to
agricullurill labor so that lhlor resorices shift fromn 

uirforn to algriciltral ictivities. 


Lole (511 reporls Ifat u~rhan workers iinAfrica earn 

four toiiine limes mnire thia 
 rural workers. Consid-

ering tfhe rIlgilnitle of estiliated l rflli-ruiral income 

disi'rities olid a generally irielastic labor supply in 

igrii Itlire, ina rili iri)rovniMlits in fa run labor
 
pr fiit
:livily l(:ausel I1)y
.ilher price policy or techn)o-

logi al inlnovatioll) icalllrlr
In exljcted to slbstalln-

tinily shill lali.r to farii 
 ilivities. Therefore, new 
ter:lo lvy Irl 'oeky r relily a;accelptef ifitcall 
shift Libor dhlenlui fIon) peak toslack iperiods. 

Returns to Labor with A'T AlT is highly correlated 
with large fa'iily size, irdicating a high lhhor
reijuireietlo luprlitailde ise (41, 20). Although the-
urelirlly halbf r- :;ving, AT' Iay ;r:ttally raise the de-

rIII for lbror in peak periods when labor poses
seriuirs coisltraiirs. AT r'eduiced laior' require:ments 
murmsuu'gri ,r fields il Iurkin laso by5,17 percent in 
seedtlfi proelori:lim, hlt raised r'equirements by l0 
Jrercmert al wee ling ligne compared with traditional 

hoe cultivation (24). Le Moigne and Rotenhan also 
conclude that ox-plowing reduces land pre)aration 
time but significantly increases the dernand for labor 
for weeding (50, 77). The need for more labor occurs 
because area expansion that usually accomINanies AT 
increases weeding requirements. Also, wced growth 
per hectare increases inarea; where row cropping is 
used, because crops must be grown in rows far 
enoogh aparl to accomnordath oxen ( 1l1). 

Since the greatest labor bottlenecks usually occur dur
ing the first %%edin, AT may shift labor requirements 

ime in which labor ismore constrained, reduc
tov tim toing the retLu rsthed:ivlini( lhor in peak periods. Developmentwhichr 

,hc
and adoption cr adequate mechanical weeders may
 
significantly reduce this constraint. ATI' weeders 
are 
used in severail areas (41) and have permitted increased 

'productionof cash crops. 

Returns to Labor wi!h Tied Ridges. Tied ridges can 

significantly raise crop yields, especially when com
bined with .fertilization. But ridges-which are utStLally constoctei by hand-arue also very labor
intensive. Although yields are higher when 
tied 
ridges are constructeId at planting lime, farmers in
 
Burkina l"aso said this activity interferes with their 
planting schedules. Farii ers expressedi a priority for
 

getting their principal crops (millet and sorghuml)
phnted as early as possible after the first major
 
rains (78). The technique nevertheless appears to he
 
gaining acceptance, especially in low rainfall 
areas
 
wilh available labor, indicating its income-providing
 
and risk-reducing benefits. Researchers 
concluded 
that tied ridges and fertilization "... can fitinto

the production system of AT faimers 
. . . but labor
 
constraints still prevent the technologies From being
 
adopted on all the hectarage . .. Manual tillage

farmers would adopt the techniques to a lesser ex
tent than AT farmers" (62). These Farmers benefit
 
most from tfle labor-saving advantages of' recently
 
developed arrimal-drawn ridgers.
 

leturns to Labor with Fertilizers. Ferlilization
 
alone does not ap)ear to greatly increase labor de
iands. But unlss highly subsidized, fertilizing cere
als may not be economically viable unless used with 
tied ridges or other waur-conrtrol practices. In this 
sense, fertilization is also subject to the labor c:on
straints of those lractices. 

Capital Availability Weak finan:ial markets are both 
the c rse nd consequence of'lovl-I)rodtu:livity agri
cultural techniques. Utnderdeveloped capilal markets 
lacking risk-sharing mechanisms contriuite to low 
agricultural produclivity. "Package" adoption may 
require cash outlays beyond the means if many low
resource firmers. Many credilors altillpt to mini

1.I 



mize risk by lending to farmers that have the greatest 
capacity to repay (5). Under the usufructuarl' sys-
tems thai characterize land tenure in the Sahel 
(where land is not privat-ly owned but rather tempo-
rarily provided to individuals I)a village authorityj, 
small firiners have little collaleral. Subsistence farim
ers reliresent a particularly high credit risk in areas 
)'.one to f'reiei droughts and lacking institutional-

ized illSLrandlCe ilr'illlentlltS. FlarmlrI'S alily he110t 
afile to borrow against a project (even with high re
turns) in thle hitue if creditors have no protection or 

reCCourSe: ilsiaretslt, missed opportlunities abound 
(B(. 'the situation generates ,gridloc(:kim whichb 

tolend to farmers with littlecreditors ari' reluctanl 

collalteral; a1i1these f'arlers build Upl little equity 
and ,:oliieriiI hc:mse Glow lack acc(:ess to credit. 

doarl u tvade 

Low lvri,:ultitril liodliclivity aIsO l)ro(l:es weak 

capital m; k ts. A technologically stagnant agricul-luie, unable t etnerate a sulrl)lus, :learly affects the 

f 'io c a ito 
level iiI the SU l of capital in rural ar-

illS (. .:57j..l1iieis witliolit aiccess to pro(fuctivity-

in:reasil)g techAl;ldogv and with limited access to 

markets will less Il1llenter into Ibe cash :conomy 

and Ilils w,.ill llitcipate in the development oflit 

a 	mcrkels.
rural c: til 


The Marketing System 

Fariii piodit.ioi anl marketing implrovements affect 
each other (1). The !)rifilhili tv of' new' farm technol-
ogy olteli hiiiges oil the iirganizatin of the mnarket-
ing system. Io:ause the rates i01' ret0 in oilinvest-
1nnlt ill nexx teOcliuiog (dipend Oii inllt and oultpUt 

prices ifeterimiiie d(irec(tly in tliteinarketing system. 

The iile:!inisliis of ex:hlilige ievlweei farmers, 

wh'olesilers, and retailes atfleet the teasibility of 
tecliiologies. At prt-pfaiting tiie, For example, the 
proifitaliil ity oif' i lpits depieiils 01)risinig coininert: ial 5thep'tihiliy f timely liivery, the level os' il 

and output )ices lohroughot tie marketing year, the 
lroi:t~ilily assoc:iated 

lge oflixul ~tseseiasitei with futures ipt 
degre ofl' 	 ifiu 


rilaifilin 

;illf ouill pices litel ill thle seaisiin, and( iaccess to 

credit. 

Gov'ermeiiii arket ilig hoards have reieived mixeo 

revie xs over thme :i regarting their abilitypasl e 

toi st iliulilite illlt use,! inolng farmers. The most 

Ctuhllmlit)lI c:ii i:isiis im:lumile: 

'
 " 	 loxw rlu c prices that inhibit production 

iltenives and imvestinents. 

* 	Uner-invesliemlt illphysical infrastructure, 

such as feveder roads and communications, that 

could improve market access and reduce per
unit transportation costs. 

0 	 Inadequate and late delivery of input supplies, 
especially of fertilizer. 

* 	 Subsidies On- inputs, 

which impede the emergence of private input 
traders. 

it would le grossly inaccurate, however, to conclde
that replacing government marketing institutions 

with private open-narket trading would solve the 

marketing problems illthe Saliel. Unlcertainlty, high 
transaction (:osts, and o))ortunfistic behavior per

traditional African markets. Substantial public 

support may be required to create a well-functioning 

private trade (8i, 9:3). Slhlt.'s "elficient hit o)l' 
description can be axplie(f to the marketing systen 

illustrate that while the private sectoir opnates 
fairly l'given the iornial constraintsvo)ts 

iresent inAfrican econinies, its
eert'ornefcgrun 


ance is clearly not (hesirahle or optimal ll5). 

Itshould be stressed that tta:hnology iadoption dle

pends not just 0)Iili)uit llarkets. Volatlile and ulapre

dictable price swings comolnloi ill Sht'lian :onno(
ity markets send conl'using signals to proidui:ers and 

increase the risks of' in,'esting ;n hoof production for 

the market. Ifgrain production is an unreliable 
source of incomle, f'%surtlulses ae prioducedl or 
narketed. This reduces private sector trauding inthe 
area, which illturn I'(i.n:eS theC aa'i dility 1'new 

technology. Without miore slable and reliable mar

kets, investlenlits illiaexv productive technologies 
may Ile impeded (44, (i, 117). 

Economic Policies 

Economic policies can stimulate or stunt farm-level 

incentives to adopt new technology [11,9(i. Tim
mer's stuuny on rice inilling in 1idlhmesia deni
strates that exchange rates, wige rates, price policy, 

s ~~gyafc
strongly iffect
interest rates, aill( trade Jolicies 


choice and aldlption of'particular techliques (94).
 

Minimum Wage Rates Miiiniiini urian wages con
tribute to the skewv'd urihfan-r'uril income disparities
 

.fondthlroigouul Africa hy ii labm of the
lrai.x'i out 

rll'al se(ctoir. lei:alise labor is ia scii-ie iiud oftel liim

iting factor in Saheliaiii agriculture, slack or Ulminpr

dulctive labor in the ulrbanl secto)r is a seloiols inisill

location of, resources. I ll'ladtef rlinli wages al.so 

contribute to an inelastiC: sulpjjly of' agriiCHltlral lI
bor, because mnarginal iul:ieises ill returns to farm 

labor will not significanltly reduce tIe incentive to 
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remain in urbanhieinloyrnent. U'rban-rurnial wage rate 
disparities, lh iorefore, may strongly limit adoption of 
even nohoeraely cori-enhaijig, hol lbor'-
intensive, tech(iqtes such as tie(d ridges. 

Food Aid and Food Imports For a variety of rea-
sons, mny1M)'Alrint(:1 govol-lllleits iltelli t(oIlltilotail 
low uirhai relail grain prices (t;, .'17). Ioplmrts and 
f'ool aii helpIo:hi'(,v this"ohjiectixe. I owmv.., wilh-
out alr etttive targeting feii:rnisirt, :olstrlr'rs of' 
all irom:lrl a srisiuizerl. Iliecliors ofI;etse for-

eign grit lill],( (hqpresss (hmiristiciJrii:es, heljr.rirg 
on tile size mid st'imotl f tie rh(miestic iwrket [1:, 
5,5). ti.ai'lt' te t risks arid costs ofl griain storage
shroirhf also rise., le:i tist nir1ulipw i:ted inrreases ill 
roar-kit volllot itrii, lllni\'ei tlr tsi within eiwh 
SitIS( 


I ijlt nt f llI f I if s i tlh lilt it yewrsof i 
itfrl hihni hf' at leatfhfl Sliriie.Sl.4i~icoumnties lii' 

w hi ch r h i(l1v ii i , i'1ii . Milli,
r 1i (if iil 5. N i-

.rid. Sue ,.w r'iiprlvl'lirifiifiierrr:e (i, 'ii. r 

Table 5-Declining food self-sufficiency in the Sahel,
1966-83 

I 	 Mali Niger Sengal 

Cornmer Cld food ineports 	 1,00itons 
t366 -68 14.0 
 83 234.71971-73 47.7 13.3 270.71981-83 95.0 293 427.3 

Pe'urcent 
Annual growth ra e,1966-83 15.3 22.8 ' 10.8 

Ratio of cereal imports 
to cereal production: 
1966--68 

11981 83 	 1 339 7 55 

Food ,; 1,000 tons 
1966-93 0 0 31.61971-73 50.4 19.1 30.11981-83 54.5 30.3 93.2 

Percent 

Dependence on food aid. 2 

1966- 68 0 0 5.1
1971 73 5.9 3.0 4.61981 83 6.1 30 9.1 

Food aid's shart of total 

markeling; ' 


1966-83 145 14 1 32,8
1981-831963 17-.7 17.7 1109 44 9 

1966-130 onlyA 3-year moving average of the percentage offood available 
(the sumi of )producton, net imports. food aid, and change n 
ending stock) accoUn1(?d forby food ad 

Proxy estimate food aid is tshare of ?5 per::'enrl of domestic 
p rod uc ion 

Source (88) 
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impJorted food. 1(1o( aid a::oonted for 9 percent of 
total food availabilil* in Smee,,al during 1981-83. Yet 
these data tuhilerestimiate the effVct of food ti(d on 
domiestic prices. Where ta large portion of produc
tiol is (:osrtme(l f'v houiseholdfs, prices are determined hy iarketed supplies, not total availability. 
Analysts generally agree that thr(oughoLt Africa, 
siiallholder irrarketirigs rarely exc:eetd 25 percent of 
their pro(lui:tirn, and are uslallv much les (12, 15].
'lithle 5 priwi(es a rlough estirmrate of, food aid's share 
o[ tolal urrktinigs forithese Salelii:r countries.
 
Siall r:hans in srliply :arsefd hy imports or food 
aid riray
1 eitv itf[ect pr(od(u:er prices and cash in
conies sin(: dhenal ehslicities for staple grains are 
gelerirrlly (jilite low il roost dfeeloping countries. 

IlTese pli:ies very likely will increiise te longrun 

lisparity hetweeri rr'al and rthirr living slandards,c;cel rilr'nitirrilhrn igration, raise hurdgel (eficits, 
am depress miriillllr-il ilcenltives for technology 
atptio .Iift ots n d forod i mlniay serve imporant 

shro't-terrri needs, llut wilroirl tlhe stirinulrns of' tech
~
n(, 1() ilic:rese ilrict:lu l l ii(:eliv,',s and p~ro

du:tir. i1lrtr'fsirng reliance on ftod imortIs unity he
it lithse iswell asitrestll (ih a slagilail agr-icultur'e. 

Exchange Rates and Inflation Agricultiral imports 
are relilivi!y,:v.;ap ita coulry's ox(hange rate isovervillel. Althoigh llelpiirg tirilll
costlIers,
 
r rvi tltrat tll 5tf'\ts its an i pli 	 it 

lix ot girri tlrehy diepressing :onlrllu 
 iltl'i (:vpiesholuw what would 

I~npvileif' r;xclilrigi l'ites were ' -dt rnuined. 

M a:ro(g o wruielrect(rllu rlic:)p liries tlill de piress agrict ll 

tural int:irnlixs tinrid tto depress laund( vithes, which, intiro, re(duce tihe ptreset valuie nif' liird-alg nlting il
vitstliets Iat wlltt lect an iIise land I)roductiv
it\' (90). ()vtrvl[tW exr:ihtrge rtes ilso widelln rlral
ilrhill iirtnrlte (lispllrities, thus produrciig t re Sulmeeffe:t on agricltlural lilhor supply itsinflated urban wages. (.ervli itilri toes, hrtwever, r(t(lit:e Ihe cost ofimported fertilizer, til would piohably inake its use 

f'rtive toillure r:(st-l 'artni'res. 

lnflatiton al1tI ex(,iftlge rl.!hS itlre :ontsideredl togetherhere elcitise irllalti: tcanibring fixed exclnlige r'ates
 

equiril
util iof iliun . 11doiestic infnllion is rising
lser tiln w.'hl rilles, which apiliars to be Ihe casefio' il:h ifillt - Silrl Ifhile fi), dilrui d f'o' relatively
lower pri:ed imlprlts will ittltilse while foreign dhe

i( 	 cr-ripsinndllf Ire Sil.rl'siie' eXportex ot c o will rhecliire,e tns wl ile 11less i:ill r:nrl-ert(l ies aIre ryvilled
dl I )Y it colllln sil
rttn ilint. Wilotit ihilistirrents Ire (hfects 
r ih in litlo, r"ri ot ju(iin(ilt i ie lt'u ir
of'h ig h inflatio n :a m i l p r o niol e a g ri cu ltu a l p ro

(tfri:tivily, eSl) r:iill\ ii eIlllong rull (96.
 



Table 6-Annual inflation, selected countries, 1973-84 

Average annual rate of inflation, 
Country 

Chad 
Mali
B3urkina Faso 

The Gambia 
Senegal 
Mauriania 
Niger 

Average for the Sahel 

1973-84 

N/A 
10.410.6-
N/A 
9.0 
7.7 

11.5 
9.84 

Average for industrialized countries 7.90 

Differential 1.94 

N/A = Not available. 

Source: (102). 


Conditions Necessary for Technology 
Diffusion 

Th e co: lndiliu l'n s IwctessijrY 1()I .id e sln'e!a d]iffu sio n 

oC r e icw of.chllh.itj;mroedticTcnhl Iia-ilmnlliges, 


li u.'st 1w prollrt ldc if llt, e ; .ricl:llllurill ct r is to I)C-
,;,'w 


Nel1w Mlk! loies Mus h iimp hlec
Tr ,. t o e i 

E ironl ilm ll tltilhjt o 

sit i';i~t{: sxh ifl 

s I I It(l iSi p. ;i: i I fe it lt t 
w fl Sarl , lIfilll) 

(Iti ec~mi ltit fullf%iliI~ 

ttti ts illt( )kiltl " lt)il-

and (:herotical lertiliziliol, 

tiois, subsoil flig0, and 
siralle and intdislietisiilh 

algri(AultIurial Sy ,tfll ill t1ll 

(:creal-lhlul il:crop rotaI

witer Lfillt'VitI are de

features (o' a sustainable 

Suilel. 

New Technologies Must Stabilize Farm Returns 

Nlost subsistenc:el htthl ds ttlo tl t lmIve the desire 
or alilif to imn',Ih tei:hollo-Hinsudtri.sk. Ttl:hde, 

gies tittist rcthitle risk bY ttltitliziitV., 10,515foni low 

rainfall while ietfrolt ilig ;Is well a . lt flhtte'r hllt, 
traiiiitintl 1)t :l:ls; (Ittriing ,(Juil .5~a~otn if thie fui:hiies.tralogioS at ie ' i enghaltn al 

New Technologies Must be Affordable Nlosf Sahel
iall Inodt (l:,is ire Ilw-resour:e' ar(0 er-;s wh l lise (;,,',. 
inp~uts, Flialluial i.-,'.ets illd c:ash sav\ing~s are; usuially 

lot%, and terl' s (d 1)(rrowiI/o ge i}H ,. refhe:t the 
rit ( lrli\Vits Iixitgetur tiV t ith 

hitlhi nsk anud tt-illildtiotl LI)5tS ~liS~oi~t(!d Wxith Lno
iferdvthel)ped rttril :alpill markel., larll cash-f'lows 
tfnd i : ies ;lrilshill 'l lia e he :ciuse s tfurplus
in a rk! t..i g s,.-d epe n d ()i t i ei r. N (!w tcc lin o lo .fith li 

will ec lsd ill M tult ili eo lyl ilabe cost 

is l tr, a ( I livel .. :, tI rm i tt10t1s s flit((tti)t t '1 ) tgcs O

tsoi l t)i tit : tp' tohi(5I(d ttil) Il (:,I(I )S. } etllsi, 

Il( itlml il h l itS itt f,li h T l'(v\iXltl i ll 

h;rmlll l 'ri;ti: Illt illll .Hwenll tll capfital. lkisk-;ivers;! tlarnm rs w im l to iim ize 

( a r 

Ihi,IhI ) stuittt il 

li i , rIl fi t l iitt:l I l l t f 

Characteristics of Improved Technologies 

Tolb e, illtcrl. -,l ill liew inn, villioll", lrailional :;;I-
and1It llh~tlI Si tIorili itto"\llti ilt I i ]-

h l) I11'1,, s t fee(l thllf tHie hedllniqtuc. ;Irc 

c:o l atildlf! tile rws,() atoll oats ofltiww.ith r.c(, 

hlotsth,lld . (;iv,o llft exisfiln filril u, s vshnnl is tlie, 

st-;arlinig plilt 1(,Ir chalnoi.. liew I ( :h Io ,w it!"-, 11u1sl 

hiave sImwcitic lla:',,,:h ris-;ic.. 
l t 

iroliti~ll\ lattf-thiti~ti tltt~'tt~5 itttlsi~I 

New Technologies Must Improve the Agronomic
Environment Ti'lie: nique s; i ust adhlrss Ihi( hasic: 
n , ,ed I hi m, ;, il It !]ilitY ;111I w iter r Ahiltio n, 
th uls c n:re lin g " ol l llliw (~ i'1 i I1 w ll w ill) h i g4 ha ijn ;I g r, 
p ol en l ia l gq i w , n' i iiu mlt, c h i g I I Y V '.-. e w.x [ ((:h -; l i , N 

11111"im,t ,ils () p in ot e a I t n a~ pl-l r odlu cl i o l 
.-ystelli (:(),ml )ill ihh w ill) 111(nr(. in mi, Icnwl ueial 
tha t i, i l wv i l l le ,.; Iw lh,'. lmI li Ir;, ]ilqion '! gr o w ilh 
Ofl Ihle s";ll . 

Pie ri c:t l;,! nld ; Ilhi l it r. ha ive ly in hfe iv(!, la n d 

allgilwnting systeml w ith highl ,y i s i th ! (11, ll Ir,-
-(Ilu(:il l s,-;ste!ln ill fth ! '-;llel Ithtd c: l slustainl lilt I)].() 

d(11lik ityt,() li r so ld andl p nrw:ide admh lluale tin; nnial 

r'eturn~s 173)l. 'Slthes ()tl by)t,- i-illid 1,891h:rtility, tr, m k t 

and by Mhorel and Quillntin 5)suige.'- that organlic5ll 

(! lt rg tdai (d i lr! ( . ) t a tch utf o sfi t I ttmlll ; A(lS 

Ian:dit t is t l h lllr ,htt 5 t 111.(;t )llttnett t n 


f I ts sst 

New Technologies Must Relieve Seasonal Labor 
Constraints Seasoneal laho r sh, rtages c:onst-;rain pro
duc:tivily, il n anyt ilrtas of till ,";; wl. 'I tioso short
flgor vt wott lltti itr tt rsovi (it Sltitttl ()'eve stld l 
ages il.:w h' adop~tion oft soil and wiater tochinologies 

Now\% tocii:hniq ms r

dll:e lilh{jr requiremlenit.'- or shil l its( o1' labor 

'ni iwak periods- lot shki:k period.. 

that requirn! inulch Ilabor'. Ilitist 

titgrslnrf~tlif roihtt;ivity o!I~lt lato,t 1 
F;ilrrs Inan\,ited tl cighit at tgirilio(sl to protfit
ably I's(! AT[' (.51 I, ). For exiiph;, lihon7 appears to
he it high d oilal i itIlli l-p owered Iliulliculitiva

tll's'. th a i wo uld p er l it tarn l 's to perhor il seve ral 
1t1nu clio n s w illh th ws a lln b ias ic: se t (I' eq u ip ille t. 
J a i n -,r a nd a n d er s its ( of ' ATVS<' r e p o rtr thla l 11 u1 t i pl e 
i IIII h , M I C ls { WPu ' Iid M 1 1h1 M old( r' -;W . S,:e s . r il ) is Cr uL 

for ove-ctouinil , seasmre l ]a!thor 1(I)t (llemsand ell
h a ni ii g p roit'ihidhi lily ' [42 ). m i I .SA ' '~o p era tion s 

calln als(-; sprkeild Ilhe ;l(, a (:()Sts (d' miu,,mmi l ovr,.c 

s.everill ac:tivilies, ipl.'{Iluwe higherl Yiels, oldilha:e. 
ho n g ru nlfo rlility a n d u : i olo'ilf i rala n d .a nd 

cl:l: tt: I ltilipl." (lh!e:t.'- th twe tltih,a'. ri Lltlln'I I sec:

for and Ilht sinall induistry s'-ector. 'l'lle silall industry 

sec:th w would h m m r ac:ive. dhw ho)inc~reased( 

denmand I'or Ohw sm-vic:!s (d local hli,:ksiniths, rcrat'Is

people, and mllmtl'atirers. 
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The use of herbicides may also hos! lalr t)i'o( (:- medin to long term vill be re(iuced if soil loss is
tivity in peak periods, since lahor (:onstraints are allowed to conlinue at current rates 190, 98.
 
often seen to be most iiVial (luring w(cd;hing peri
ods (68). 
The sc(cess of this practic is very sensitive Greater inc:entives for farmers to invest in landto the efficiency of the mrketing system through conserving and lnd-a ugrmenting techniques and

which such hei'l)iiles are dristi ilpt(l. 
 l)ractices need to he developed and put inplace.
 

Southgate, IIitzhusen, an(l NacGregor consider thatFaster maluring seend vrilis mna, also rlduce sca- changing troplerty laws inde\eloping countriessonal labor cnistraint., especially dluring harvest could Jir(i(ote resource conservation and technology
periods (-)J. For examle. Ly planting taster matcr- c:hange in acigrictilture (90). Incentives to conserve theing maize wili slccverr maturing millet or sorghum, soil are relatively weak in uIsutructuarylpropertylabor deimanls (:anlbe staiggeredl to redlui:e peak pe- right systems. For examiple, a farmer who perceivesnod ho(ttlIemc:ks. that it is possibcle to lose long-term access to a partic-

New Technologies Must Apply to Food Crop Pro-
ular plcc of land is less willig to incur the shortruncosts to enhance: thfi '1ure11productivity of that plot.
duction Small, risk-averse lurin lticisclchls will 13y thiegicin cultivation Iorestore soil fertility, the
gellerally dev()te mst (dtleir land ti)
ti d crc )stc frner may lost acces to the land as well as the infeed the himilv hlc:auis rural t(cccI markts ar( inr'e- come froin not fLrning it. 

liahle :,-l i Ie highly vclalih, pric:es. New tec:hlmc 
giis "i Nnb ui ysidtl ' scrl if tlca clhl.' tithe Additional researc:l on the relationships cietweenad li lii stapleh cii c l:i(') I'as i ) c,ulst h i l)e'iclet r I . lind tenure and land use( Imay provide a better un
and a izi', uic
wvhich ccii fI? 'miliuitl 0iphrce ccst lcultivated iea il the Silli l ( T). 'his is es pcecilly

oil nd n of h oilli m l t d o t o f'a rclurst er olir how to stimulate aioTtionl of agricultrue illthu r'cgiccs (ilIhc Saheuccl .ier'e cli nate )r 
n g 

lanaI hecl:rulcigy, 'l'he Office of elcr oloy Assess
lack ()frnarkcing inlrtisrii ,,icrtcci'c lrlibits sigclic it iicrt i luid :
ish c:ro p 'I i;t clli. (c i a rc l
Ist tsdf clcl L ll :c i- eltorins inland tenure fand other legal and inti rcc:(cilo n a l h: ll vit tdl l i ras whc crc p :iilti- Irm al system s deternl ii ing access to and con
xat ionl laii
ilit ae.iccIccjliil (dic lic v Sccid- i icc wiateri-
Ina raciilgcicc lhni(ItwIi(91}. 
 trol of naltuiril resources are policy questions 

needi Icghbtir ana lysis. A major constraint to 
eff:ectivec analysis oflInstitutional and Policy Conditions the impact of land( tenure
andl rescurce acce:ccss istihIllack of knowledge of 
he tralitional rilus andcustoms that ar'e oftenThe question of lcrholcgy alotlion c:anoit he ail- mnor'e influential illclcer'niliing Is(patternsdressed apart frcnc c:ritic:ali iist it titiiial and poliiy thaniformoal laws. Evidence of icrapid changes

consier'atioris that afect lI 
 dlc;ision.s of rural 
 and ouf disruitiii illwhat illy hia'e hcll hefar'nirmrs. c, st sccil (iand\1, fI-lirc lu:livc ciliilclh wilte' ,li'l'rililicitll l balanc: in these Iralitional systec:ln ;!oigi.s is wcll iis ':()tlu:ix'v legI,. market ing, ti(ins as tlhc rcsull o ifdrughlt, the growth of' theillalc:ial. ll(]geieril jIic li l'ci ils vi IT ;ic are (:iclc riiarkct :!c:tioii i roct iceioy,tliti io of' ,public

plelient'y inlits ini agric:ulliu'al pir(cclclicii. Vilh- (hcnlaiin laws, andcincrc'easedccl
icopllalion presand xitel' clr
out sioil lcil(i(li s,yiclIs a l(d picli li'i:- urgsti'.s undhelrline litc cuc:yifthese aspects of'

livit vyin tlie sallcl will dccline c 
 r in . Vi h(ill Ilit:.(7)1.
 
viahle ilrs illiti(,ilal poliie:ics, iliccc!tiVcIs c(l i()tl
o 
errwise x'iallc hcc:icllc) gy illiav lt cc\isl. Private and Social Returns to Investment Because 

po(cir Ieoleu living at susist-oni:e levels have highLand Tenure I"rcuicr'ing ccvichc:u irclii:aics .
slrcng currenrt cash neecdcs, they nay behrecluc:tant lo mak(,relili ushilc ac ng incr:'easing it 1npressi'c.ii liilt rrc'cStIIccciS With rly h1ngrur t)c;nimflits. llowev(r,soil ch;cgr'uccIliu, ndIchcc:laini ihgc rpir(lIclivil , 1suc:h inx'csticl ;ls may ucx'eer'yi rairlr
lfur the longwith tradili nal tch:l )ly I?.)). 'r'iitiiciiI lir l-csc run Jcr'cclli':tixt\' ccl igr1'i:oriculture ill tlc le(l.
Iatterns Iasd(1 ccn hiiling :ultivatin aud locng [il
low Iuriocdls viib. elcl hcihsili!l ic t l cast with Invrx'.snliuitll iii rincw teclhnology tcu;neits sorc:iety if'lower Ippulaition dlunsiti. s. 131i1, pcopuiilion growc\'th c(c:cniic: rnlh 'of ruir exceed,(s 

the 
tihe, soc:ial timae l)retfarid resulting land ircssores ir;i making tracitioinal ercciic:(C rile tl(c rili that cxc'resses tlhlpr(firence ofpract ices inti.lsilclc, cc!-lcc(ially ill siciciaricl cr arid societ.' i5 ii who 'lcl cr'sment rturis rallher thanregions with porer. shillcow typeucs c(l socils 'mricu in fcitli' retulis) (321).Hul int-llrlltllts insoil and Wimuch of thIIe Slicul (71, 971. 'rllc! c:acity lfiir icr cccnservation irc allractive to)fariners only whenagrii:nl-

tur'al produc:licn Ihr)uglccut IlIc Sihel illlie ilhe rate col' return on the inveslient is higher than 
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the farmer's time preferenc. rate. Htowever, the time 
preference rates of poor people living ijtsubsistence 

levels appear to he higher than typically estimatedf 

social time preforence rates, because the intmeliale 

needs of the poor are tisriallyN, very presing (.90). 

Therefore, invest miMts with iiilly 10o101ro1 Ipay()fs 
may be socially att ractive, but wotul(d not ht viable to 

an individual Farmer,That is, a high time preference 

rate reflcls imniiediate ash neeils, while it loxw rate 

reflects a gratler willingness to make iilvestrl1erits 

with longer ron p T 'fishi. would result ill air Lil-

derinvestin t' h)(!%,f, :hciolo~ies. F"or'e'xallmph, 

numerous stidies inhliCite ht AT reiquires least itl at 

to 8 years to ailhi e\ve e:Mn :feiefits, suggest-till urio 
ing ntvgillive net0 fellef its ifrrinig tle early \'tilrs of 

adopitioin ( .1). VFvill th ligh1 s.l:h in'est it its iiiiY lie 

so(:ill t ,iisit'eiiht fi'y iiitirimlwortlhwlile a' 

e:olliriri ri i s, I irilx slti.il Ina,% h) ierrt traits 

live ti sibsi'I(!rr:ci iriers \xitlhiigh i:trrrinti :asfr 
neefds. Ir si:hr sititmiors, sc:iail welar ri1a *%he in-

r(:easii Iliif lrvi%ng tlrii.';IIt lit,l rielieren:e rates 
down thr gf c:relit (I'suisid y u;rili!lelrits ti erl-
coirirlge laIl-migiuulenltirig irivestilrIrs %ilhlrinrorily 
lorgiin payv)tm 

Soil c)rservx ltirll urt S Illiy rI il ire irii'iidual 
farir'r is hsir)hfir-i., sliirt-h rm grins is lirl i ghii 


l tu hiilr Ii fwi rrliire hris irsrllfrrtltriirv rights 
that i~iilil iiliii-wi' hm!iv' lfrit,,'l fuIr im.irIIIfi-
ate ain)l. Hei;ir. itbiid i wI if societyi:r-os-selior 
ierefits rm the (o)lrsei\'tli()ll [iriel d"s,, iei:iily 
in the hIm rilI'l. itis (olti( Ii;'lh w ,'thfr the 
fii'rrier smiold f'-h i1 I w t:,Iiits rssoi:iiejd withA)", 
tie r i reriitlir t l .tiiheniresirs, l"i exirri. II .S. 
C(ivernill llt bus s IwIilt ' tio Iiiiin:e i()v.I t hiillimJ 
rillig! ()f sililifize (h loIlci ; rv liollSl!t vii iI 'i riiiais 

sincie tIt! t:)t;' (72 . t ;Ihinili ,\ I l ii:l goi .i

melis to fiinaii:i hriil olo:urr, ;Iti(ii siherris is ix-
treielv liimit in lhi: Sahtl."ever the's;, Iirivilto 
in:entivyes ti iii y st ill cmiscivit iilr ira:t ii:es h virig 
lorigrun sii:iiI In,,,ietils olro nd TIe tii Ieiirt i aI 
st relrt lieli , 

Credit (ririlit iwiilihiilil a!iitie lirfiirili:re of 
rural Ifi ncia:i irkil illfll t w::I dfii w lw l )li() if 

),J. s ' i:wrdiri', 1-htt(hflr 1ilii. i liI11t1 'vs.S hlieiaI l 
farirers fireanli t llri llli klilii'. h)'ti i iw11(mr 
techniroloiy Io I;1:k ()filiinlile credil 2;5' i, 60t. 

We1nirrst iet] r th]is irflulrliir resfoi(llsel errint whltl 

r'eflects r Iroeio:eilit cmiirsliiit or simitly ;Ilack of 
ercrinr err ii:ally vial Ih'teiluouloh\y, 

Use of newIte(:hrilogies gerierilly refquires a cash 


ortlay, iilkilIg fir-i'ers Imore vrhnnerrhh to price 


swings (57! aIi tocash shii-tlraes. flit many%farmers 


ha,,e their M'I il.s of raising c;apital w\ienr it is 


needed (7, 111. (Cre(dit policy should recognize the 
potential for farirers to finance their own technolog

ical change (57. A major issue is whether these in

formnal c;apital markets are relatively efficient or 

whlher' Irmiisa;ction costs, high risk pL:emiums, and 
other costs of b)orrowing borne by fairmers impede 
or prohibit adoption of new productive technologies 

where they might otherwise he used in a more favor

able credit enivirolniienlt. Problems of implementa

lion11have plagued credit prograrns throughouLt the 

developin world(5). le triinsaictons cost of receiv, 

i grefi, (lisfirirsef( to individual farmers in small 

aiounts and hrongh l'r-rtimnt transactions, often 

initi ts to at:; iIIln iish(t) to 100 puercenl of the 

i:re(dil aofva:lced (AAf. 

fioirr credit .ivililhility may ho oth it cause and a 
:oniseqt.hrir ri :e i ulr ral prou clivity, restrltlow ricri 
iiin il l i wv-irtiul, liiw-ir'o(hlctivity farm sector. 

Iligh risk of crop ftilire---arl thus nirrepaynent of' 

crefit---iri thie Sa hel irvarialhly increases interest 
rlates. .ow fshriesources ((:inirsii hy ri)ragrolomic 

condilimis Ih;t trilrril pirodtctiorn of mainly low
lie! icoirse grains) iilhillit lhe savings necessary to 

self-filn:e ir\vesllt iri iinnew techn logy. tariers 
in i (: till irun r r i:irlrilnitiC:,rr h toPllniir It rnU(r
the gr'ilix'f of()(:ili:ailal rnarkets. This balance of' 

low-initt liiv-iroiufilivity far'ming rifh;cts the rela
tirrship litwr n imrgri : conditions, low 

incentive:. ii mol)pt new te:lihrology, constrained ru
rdicapital ii rkels, aidl igriculttr'arl stagnation. 

(iivern the hmI'Ur ne( four iri:r'easef land conscrva
tio hy (ryl1i.id furiers, it is e:essar'y to know 
where tire s wre s i d degralr(irtdation problemsrio 

u( i:c Ili(i i iniil firli rs be corrpensatedr ianll rrmurst 
Iefore tIrev viii aflf~i improved soil-iianr agenlent 

prctii:es;. 'lre liticl Iroi:ess can then determineh ti 

where aI;1 lmiw 1:h sia rce g elrilienlI credit 
shon li leI ;Il( (tdhi eifh social welfarelI :lrce 
thr til im ii!jiipii t erinIm:iiilogy transfer in dry
l in ;Iiris. 

Coarse Grain Dermand and Technology Transfer 
'Tlii itonllil ht (t- 'iisit] iirrnlogy adoption cal
nlt Ibe iull ,vc ii l. cii r-(Iapa)rt fron o( odity (e-
Inlli :\lliim.igi i illtl r)nstitute tlhet. aii sorglir 

fulk iif (lr- of thesevirul c:ultivitior, Int irijortan'; 

gril s ii Siu liatr to ra)idly indif ls isfrlling (1lrr 

:ritsi rice miul wwhal impoirts (87). Jrfailizalion 

isliargelv resiirsilte tiiIris corsunjplio shift, be

{:ir-rse rice is ri r ;ini ui:ker lo pre)are all( re

quires less ci:uukill; trlel. -,hi: rre particularly inn

iirirnt issues innll iareas (17). l)epressed 
demnlai For dmresli: crops irrva-riahly reduces farm 

pritces, eltrellrns to surplus trdli(hlioln, and the 
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economic payoff to new techitology. Scil a,,(]dwater
 
technologies that reqiire cash outlays w..'ill
likely
yield low economic relturls and suffer low addoption 
rates in this kind of environnl. 

Strategies are needed tor increase the (lentand f(or do-
mestic cere;tls. Ralisinig tlat dlemaIniit'd would raise 

farni 
prices and the ifii:etive to in'vest in productivity-
increasing tecliology. For e,:an ple, itiil)i'ov(d pl')C
essing techni(tes that re(uce (:oking tinr and :)t 

tastes 
iemanl for sorghu it millet. Mthos to process 

and appeal inore to tirball umiy litreise lr'ba)l 
iiinl 


m illet to taste siii ir to rice (:it ndt t sil e 71).
Reduc:edRedce(:isoconlsulme=t subhsidies ()I il.p'ted grailSi[V' uhsdie( n(lli(
ii eul grai](:',. 


Wouililalso improl'(ve difllillillIll( for' 10141 ll reitls. 

Improved Seed Au ilprll'ed ;igl'ouIilC environ-
iteint call crerte. collsidt-rahil , ler l)tenltial
groei' ot' 

the soIc:es slI'l illtroI:tion fllnew I IYV's. Sanders,
 
Nagy,arnl Slhjpi:.o strauss that cri ,t breeding lutist
 
follow and the geared I) ai iluproved agrortornic en-

viroiineltt (82). 


But we hoist realislicItllyv ekv];ailh tlfe pohitial for 

rr mi'rttSil- 1 Xl tr t I~lll tlufes to 

tratrisfoi tl lcloill'iru e rlitentli t, ir
Irle ilgi Jtlim 

riuris, tikin, i dtc ,itl htirgn,
ertiliz t1 , imirial 

t'Iructioo, tttllllllittg, andt oidhoirk caln iser've the 

resottre i !s,
lrase, cl ill , lol stlhilize r p: ollt-

d(ictiol, tt(l l:ili be ;illlptell given exislirg loral 
re-

sotr-ces lex':pt Irti'ilfrlilizali uh. I ll'uw\'lr, these 

techntriques Littllnt eitstl.t' 
 it llt'\vest illitlhw-ri'illtll 

year. 
o' extile, tied rilges ,:11 I itl)rolve ifil-

Irali(ll'lotIl lenefi tI ( t:r
l)siftlw ii ills lo rnot 


co 
te,at critit:rl leriols. l"l-'ilizatflrt caitto c nl)lr'-
r ,rl .ib l sl1r iyliiglt-ve ig, iiltlI-d .ll( 
 (1virielirs if
 

Owt irl)itl delivery systrli 
tIull i.l'els iserrliti: or 

illw :tife'..I IYV 's ittlt le stl:l:esslill within the 

11resmtill tteIxt tf sellp'rilliCi ilttl availitbiliy, 
toor 
markt it;lrstic:tirt, litid
telfatl-lvmel r:tpitill aid
' 

low and errtit rilhti. 


Ntw seed vatrielies slotild] bc t bl
New sedvi'iet ies s lottt l hh: o'ouperforin-e vt lsoltlrtl' teo't 
rnd Im'liliztitlill,
rel lrtw lellve n litw-iluel ori-

(iiltion illII!Sathel (fig. 
 i). 'Ile putor r'cord tf 
I lYV ;.oi iiri it II tr egir Ilti If It traced tt (X-lls 
r:essivt: onltlxi& ;(ot itlltl-lrlrr . hill varielits tht 
I'rvide higlh ,'ils titldrr l;trillllhl esert trch-stltit 
conditiots, w hil lill rtltl to tly lital 
sililsishtt:e ft u;r1,1 Thl dratin 

lru ' r(!s nrtc: 
ctnlitiots (1.';l, 
 lic IIYV-

drivrir yiehl itt:retses tf tlt ('r'rei R e'tvoltir ittettivt 

bext:tuttml 
tlrtit.i(and init l-markeling rctrstraiils irie ullvi-

aled. Several iin'ltlatiolaj crtei's Iltve r'e-orientedl 

Asia ,may ri Irr illIlI: Satwi mnless agro
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t Figure 6 
I Desired seed characteristics

agricultural systems 
for Sahellan 

Yield 

;.New variety. 

such as E35-1 
seew sY 

-Traditional variety 

B
 

nput/nanagemenl levels
 
X = Input/rnanagement required fordominance of many current Improvedlevels 


varitiele 
A : Input/managemeni level at wNct yield of traditional variety and new variety

areequal. 
B,C.0 Inpul/managerent levels used by s.,eutence houseloldsmost 

L_0Sou .
: ur-ce( 

their 'Ireeding strategies (as shown inl fig. 6)to COM
hat these c:onstraints. 

Because of Iie Saltel's (wish rainf'll and soil condi
rions,breediing strategies Irlist imlpI'ove nircughttolerit ce, seedlirig vigor andtldisease resistance. 

Varieties with shorter crop cycles or iodified plant 
structiires may also( hold co siderable piromise for 
IrI(eSrliel. Iniprovetoenis in seed varieties should 
leu ire less froit, and ulepeoid less on, a coun 'try's
 
inmut listrihiltiont systelir or 
extension calialpilities in 
eorder to raise farit pror(hclivity and income. By fol
ltwirig these breoeding slrategies ill the short Rin, 
new (1o) iIil
IiOVeitniuts will be 11oire rohust to the 
unavoidally diffictult 
growing conlitions intle
 
region. 

ut' 
rat( of growth in lroductirn that an innovation pro-

Extension pThe ofilceacceptance influences the 

viules. An iinovation that detibles prodtction pro
viles tnly it 3-lrli'tnt greowth rate if'diffusion oc
ctirs evr'mily over it perirod of' 25 yearis (57). Yet, if 
a:ceptel Iby all (F'it'tmers in 1tyears, the innovation 
raises pro(uction 10 ltereil. Lxtension servicesliuist vigorously ironiote new tuc(Inology atdoption if
tlir tr'uhiology is ttthave a ricallitgfll imlpact. 

Although it given lechlnolgy ialybe economically 
viable Iinnle r i't c rejtlicaible on protitt tdilit s 
dlit:rs' fields, tlt(! fitiarneir's subje:clive evaluation of 
its reul'itability and risk itrltlt, critical dete rminants 
tf adloption. A well-trirled extension setrvice (:an 
heflp bridge the: gip br it'e t id,ly lilfTering ob

and sutbjrit:y t s (il).m'Alutlitio 


ovhrove' niichn it:i argricullural technology is location
spe:ific, vhich! pothentially allows large pockets of the 



region to be bypassed by tlidiffusion process. Local 
research and extension resources can help merge 
new technologies and local farmin ,practices. Adapt-
ing general agricuilturaul tclinictues to particular 
farming environments is a major responsil)ility of 
local research ' od extension (71). 

Marketing and Policy Conzlde rations 'Ili level andt 
reliability of inlplt ail(] output prices influnnce adop-
tion (f new teclhnology (:6). Risk and ilicertainlty 

heighten the lioteutial fI' ilnefificiml resonrce aloca
tion andIfle poteitial f'or a loss o!' outlput from a 
given f ol!'nres(oii'ces. 

Ilistiitions and lioli:ics dtsigiieml to redtt: rice 
unctecrtaintyv and vola tilit v, without drai ning tihe iH 
tional bldgta.call sread tof' th(:liolo-(flli0ll liew 

gies. lore research oi siliall-irii andI trader 

responses to price risk is no(eded to evaluate the (y-

nilic costs and hene!its )flu)lse st ltegies. 


A reialle input d, livei'v svstciii is needed to increase 
tec{:hnology ,.i(flttion. lr e,'xanitl le, soc:essf'nl AT ire-quiies ieliahle veei'iitiry sFor ilies,liie(liines, ai, r-

e(ui)ipment. Solnm cc:ss Ims hemi iotel with verti-
cally integrated crolp nairktling (irgaizati(tns that 
have actively iiomloite(I the ilhotti)in of Al' through 
conilrlhleiisive, sulport of illill mcls all(l reliable 
maIket ac:es s ftr silltlis productlion [i{. 

Nailly Sliliail tolllri -hive elijlisizd hoof self'-
slii\'n(:y illtheir liatiiil (hvtololleil plans { -1). 
Aclhievihg this ohje:tive may peend llt only (u via-
tile leclii'ology. hu: also on c ,reflvlygui((d lpolii:ies, 
some of whi::hi miav Ive jolitically unp lar. lfor ex-
amp~le, in the absent:e (f lalior-saviiig tto :umoliigies, 
labor sh(rtages Ia ,v be iiitgalted soimiowllat h)y re-
dui:iig the gil l) hetweet rril ainl irlhailli ilncOilnes. If' 
this is done hy raising agricullural prices, goverlil
menits mav iincimr si:aledh opeaitlinig defic:its unlss 
urhan retail rices incinase. If'i: is done lbvlowering 
iirhaii wages or real imulcones, ilrhaii interests can 
aftect politi:al staibility. alld o!'thmn have (ii. 

Wage riate. iliI ei'est i e, trai, ando od aid policies 
are ioweiftil tooils for ii[kiln:iig iicentives illagri-
culture. 'fforls t pli'oiiiott the adoption oifviable 

technology iimist illdlh it condu(ive ecollolic eivi
rorment for souccess f!m)(. 

Conclusionsy 

Rainfed agriculture sti]lorts 80 iercentll (f'the Sa-
hel's 38 million inhabitants. The high optlatlion 
growth rate, averaging 2.8 perc:ent prm year, means 

that iota! population in the region will double in 25 
years. This population growlh rate, coupled with 
lower per-calpita food p0:0odu(:tion since 1970 (primar
ily due t)declining yields), has increased the depen
dence oil f1ood imlports and food aid throughout the 
Sahel. The (ood the land degradationsituation alnl( 
and desertification problems will probably worsen 
over time. l'hese tiroblems ari-e caused in part by cul
tivation prai:tices incoampatible with high population 
(ensities andifmore intensive land use. 

Because of' the limits of large-scale irrigation in the 
Sahel, priofuctivitv in the vast rainfedl areas must 
increase if food pnrodluction, income, and standards 
of living are t(orise. Improved onfrin soil and water 
mianageinidi alone can slinnllate agriciultural pro
(fli(livitv. etteir r'esolice imianiagement illay be of 
even greal- iiiiportiice in expalndin, tht, potential 
f'r the successful introdlction of new I IYV's that 
require a nlloi'e 'rliie agirnoliliC elivirollllent. 

Ad(loption(of soil- and watl-r-ianageni(it techniques 
illthe Salhel is highly ilifhlimiced by the natuiral envi
rollillnt; flarmers' i Soi'l-ces, goals, anI adoption 
criteria; and the i ist itit itial and economic setting 
inwhich(crops and live;i)(:k are lr(iced(. These 
con(ditilns can seritusly t:tnisti'ain or Irevent the 
widhespireadf dilfbisin otinew technology. 

The eu'x,iroinmmitall iistriliilts to (evelolping aIl)pro
pIriate (:li()togy hieilieem ueiiti'eirlnliihasized in 
'(:(Mlt developmentagri(:uilturl po)licy fin iMs. Some(l 
specialists ai'giue that agricultural griiwth is mainly a 
nilatte'r (f getting the "righl" sel (f'prices; that is, 
prices that t:i'ealte in(:etives foiFarmners to ol)erate 
more eftficiently. While armiers will iro(uce nore 
efltiiently with hettor pirices, f'ariiers wi!l (10 So only 
with tie existing lii'(u(hlitin resources. 

A w ir oduct ion Iniiction hased (.ii technology that 
is fully integrated with pro)ven traditional methods 
and tle cull'tral setting is need( illlng with appro
priate lrice sigiils. Witlhout land an(d waer conser
vatiou, lrice ilncenltives miay siiply intensit'y (:urrent 
cult ivat ion ipract:ices aiim :oitiine to iicourage the 
degradation (f lait al the expense of' lougrun sos
tamahle agri'iultuire. 

The re0(iliiiishiip hewlweeii iiv te(:fthnologies, 
i:iprovel I'alii Imi.ageleul, a:I lhe Ihysi:al an(d 
so(:itiCoiitoi i(:tilk'iri(imit illwhich Ihey Ol-e'ht isp'tei 
complex. lhe enviro)nnileI so(ietimies prolihihits the 
ise(of, some lir'utli(i ipractie:s, such as tie(d ridges 
on sandy soils. 3uit smetllines t(eln)!(ogies such as 
muh:hing can ineulily Ihe eiviroiluent. Technologies 
may he ci:(mtnalilde wilh certain environm(ental as
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pacts, but not others. For instance, tied ridges may 
be technically feasible on heavier soils but hevond 
farmers' means because of' availahility or timing of 
required labor. Because of the variation in soils, t:li-
mate, infrastructure, and p)li(:i-.s ii the Sahel, it is 
difficult to identify teh:hnologi:al innovations that 
are viable options wilhoit iif(ormation abuoit spe-
cific situations. tlowever, the fOlowini are sonc 

general guieliiies that may Nh! helpful. 

leichnology il tle Sahel iieeds to Im)rove soil fertil-
ity andi increase soil moistire. Without improved fer-
tility aInd hetter Ilieaits of c:Itll'iiig n(d storing wva-
ter for plant c:rot livestock lir uhictiol ,v'illuse, p ;ti 

not significantly iiicreilse.
 

farm ietiriis need to sorehe stlbiliztd. thible agri-

cultural r' llis %%ill , :lilcc invest inei il:oent ives.
e. t 
Viable technologies mist ulinilize Iosse; restilIinlg 

froin h.w rai
in fall v.hih et ual ii igor otprfo.m i g 

traditiot ,,l toI'
piitAit:t's dlirilig a.verig normal 
seisoIs. 

New tec:litologifs should 1ply to staple griinliirps. 
which an:i:oi t for Mt) wJ'i Iitd ;liltivile are ill 
tle Sahel. if they ari to ailflt:t overaII agrici:tlt iial 
lprihii:tivity and r.ur;l dit,s. IThis is espe:iall., iria-
p.rative where c:liil iiiilr i-tiikIg iItfrasl rii-

Il . 
levotte ,ri!t.:,1 li i i d 

tlre jir'hllit (.;Is c:i)j tpi littu Nisk'-iiv~ se ltariii-
ers will omst it s 1(,ti it iilv Il 
needs when 'rIIl mar'kels ;1,i!food tilliilhh;. 

New tec:hnolgies mist h( Iflallmed it theIo 'w
resturce, cipi tal-liIn itt I Saii1it ii hir-iiiti's. 

New te:linologies intl/or ji;niigtwli priticties will 
heImore reatIilv . et iat fil tt it:et it thLv lltor
reqti ireineit st st ift Ii Ini' to~to It ak httslack Iuriodts. ltur shne'ts hit IhI sei eri.s lil.y 
os.Laborges tl ;IreIh t~ 
.li I k:y):hi . :c;t crlnill 
platlin ',tlerililt iintit sl. 

riuei's iIn(:eI~iites I odtttltttf ew tt~ltidigies also 
de pien d oilil l.Ii it us aind tttlic v' conittli otns. More 
SeC , hiiidn t itii t riiiitgt witcts, w ill t wit ! it in-
cetl ye for I)tiltv,,cs iii l -i iiset\il 
nlitues ;il pltI iiii:ts. 

Impn'i<vi!t ;t:t:(!'s I lit i :tiilil withIt tturn:s-th :t w Ira\V 
a:tion costs is alsio iioled. '[lie t'iis otfi:ctlit 
shotuld refle:l the fict Ht mtitich ot the returns to 
lanld- a rllkilh',\-c:oll,,.ervillg pl'ac(ti, es aIc:cI'Iriver ai 

long time:. 

Credit arrillgellients aul/or otherloeals fl'assisting 
farniers to make necessary t:aitl imlp.ovelments 

should be designed so that society shares some por
tion of the cost with farmers. Some of the long-term 
henefits of resource :onservation will also be en
joyed by society. 

Demiand for t(mestic food and Fiber commodities 
needs to be stimulated, or else there will he little 
economic incentive to produce them for the market.
 

A reliabhle inpIUt delivery and sullport system is 
needed to increase technology adoption. Extension
 
systems must he strengthened to increase farmer 
knowledge and understanding of new technological 
options. 

Successful efforts to promote the adoption of viable
technology inust include a conducive general policy 
environnent. Wage rate, inlefi.est rate, trade, and 
food ait polic:ies are powerful tools for influencing 
intentives in agricult ure. 

Further increases in population density will soon push 

lie returns per hle:t techae witi traditional rainfed 
nology to an Upper limit. Siihstantially increasing this 
return deienls on impirovedl yields, which, in turn, 
depend on latbor-saving ;,idi risk-reducing soil- and 

tent patr-maliagenpractices. The resulting improved 
agronllnlic environieit will also he important for the 
introuiction of' higli-yieldiug crop varieties. 3etter re
source ninaIge iment iust receive greater attention in 
the Salhel's efforts to align food iroduction growth 

with rapidly expanding population. 
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