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RESEARCH ON SORGEIUM·BASED

FARMING SYSTEMS IN NORTHERN'
NIGERIA AND BOTSWANA

D.W. NClnIWI, H. SiptIc &Dd n. Bakul

INTRODUcnON

I r

IDcpartmeut of ApicuIn&rII~ Milliwy of AsricuJturc, udDcputmCDl ofAgricultural Rcscarda, rapcclhdy.

ID the inlcrau of brcviIy, we compare DOrthcnI lfJFia &Dd BouwaDa oaIy
.-itb rcIcrcocc 10 tbrec JCIIU8I topic&: Carmer .r;piratioaI &Dd coasuaiDu,
Clrllling 5)'$lClll$ manaacmeDt, ud Cood ICClIrity 1lralC,iia. Tbcsc lapia are
DOl mutlll1ly CldIlSiYc &Dd Ihcrc are of CIOUl'1C 1C'1'Cl'l1 other rcIeviDt Iopia.

The II.Ibjccl~ :0 us is a IIIJP topic: allll bu 10 be Iaudkd WI:I}'1dcaMIy. Tberd'orc, we oaIy 4iIaIu iauea .hicb are dircdI)' rda1ed 10food lCQIIily. As _ emplwised aI lui ,ar'n axI!cteDce, !here are IWo
Iidcs 10 food seauiry. food availability &Dd boustbolds ul'iDa !he resourcu10 obtairl food (RIIkwli ud Eicher, 1!l87). Both are DOW iDdlIdcd ill Ihc:
SADCC poIKy for CO!Id accmiry (Dbilwa)'O, lSlEI7). WIWc rteqp'izioa &heaiticaI ut1UC of !he &bae 10 IIIICI'O policy, !his papet COCllICI CIa !hemiao or boaIcboId kYd. AlIa, nlha tIwl prclClllia& dclaiIccI iDCormaIioll
00 rcaearch ~ ud Clllpirical fiDdin{JI, we make~
&laIemCAU about IOIpum·pro;juciaa IIomchol:la &Dd faraiDI I)'IlClll$
patterns Wh !he aoaJ of dctMDI implicaUoas Cor ful1&rc n:aeardL

Thc papee tqiDa by compariDa CarmiD& cirmmst'''CCI &Dd IOl'pum
prodlKtioo S)'tClll$ ill aortbcna N"1pia &Dd BlltlWUlL Tbc compariloa
providcl • bad&r0WlCS Cor dL&racterisiD& Carmel.. food ace:ariIy 1tnIqpes.Thil isC~ by a bid review of dwJ&a ill rcaurdI approacbc& Ihathave oa:urrcd CMt !he Iut 20 )'Un ill boc.b cclllllCric:&. We propoIC IhaIlben: is much complcmClllarity bctwcc.a micro-~I CarmiIIa S)'tCIIII work &Ddmicro pol.:C-, ID&I)'Ioia ill dJoru to aI1aiII imprOlcd food ace:ariIy. CD !he
buis or Ihis pcnpcdM, we disClIII ill !he C'llIIt1: ItCdioa IOIIlC isaaalTcetiDi !he c1ficietq of fullll'C mkro-lcYd food security rcICardL

COMPARISON BE'IWEEN AREAS
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More detail on tbe two areas an be found elsewbere (Bakrr, 1987; ATIP.
1986a; ATIP, 1986b; Norman, Simmons and Hilys, 1982).

FarmeI' aspin1Kms aDd alIISUainls
Tbere is iI certain universality in tbe a5pirillions of farming families. In
etonomic terms, farming families try to tnaximiu utility (salisJ'iiaion) which
increases with real income, but deaeases witb higher Ieveh of errort and
ria. AttempU to maximise this utility tUe pLlce within a 5Ct of
COOSlraints. As a resuk. it generally is DOl differences in aspirations but
dirrerences ill the CODSlrainlS which lead to the mll$l important differences
in farming systetn5. Such differences UD be grouped in a IlWIlber of ways­
One cb.ssifw:ation is as CoIJovoo1 (Normau, 1982):

o Datura! conditioas (e.g., climate, soil, etc);
o factor (resource) endowu!elltl and pricu; and
o tnarket or support systems Cor illpuu and outputs.
The farming systems used by rural peopIc are determined by all of tbe

abow:. The lliIlunI envitODDlent determines the necessary toDditions Cor tbe
prCKnce oC a Cartning system wbiIc the 1OCio«oo0mic circumstances provide
the sufficient conditions Cor the presence 01 a farming system. Thus,
diJTuences ill sorghum·based fartnillg l)'llems between northern tflgeria .nd
Bouwua resuk from a combiDatioa ol the utural envitoament aDd socio­
ccooomic circumd.nce&.

Haphne$S of the natural en>ironment
In both areu, the mll$l w:w:re Cartning problems generally "em from
limitations imposed by a Lick ol walei'. The sea.sonaIity 01 rainfiilI and its
low aJIJIual lad impose serious COIISlrainU on growing aops. and result ill
major variatioas in the demand Cor bbour. In tbis 5Cnse, Botswana Carmen
operate UDder • much banber dimalic regime than tbl5C ill lIOI'Ihern

tf'CCrla.
Also ill both areu, soils are lenerally ol pool' quality. sulTering Crom

p.\ospborus defJcienclts aDd low Jeo;ds or organic tDaller. Particularly in
Botswana, soil& tend to have: a Joot- .,,;,;ter·hoIding capacity -.d are subjeet to
CflI5lin& CoIIowing beavy rains.. Soil erosion is a tDJjor probletD ill both
areas, but is perhaps tDorc: w:w:re ill Bouwua eue many fJdds have: beeJl
c:ootinllOllSly ClI1tivatnd Cot sew:raI cIecades.

Bouwana Carmers Caa: two temperature problems 'IIIIIidI are DOl as
important in DOrtbern tflgeria. FU'SI, the moolhs when tDll$l plant.ina is
concentrated, because there usuiilIy is the grutest rainfall, are also the
bOltest months. Soil tCDIperaturts olteD acced tbe ardinal lad Cor
sorabum seedling viability. The secoad problem is the 0IIJd ol cool ai&hU

1
...

at the end of the susan. U there are even short drought periodJ, during
which sorghum "oPS growing, late JanlW)' and February plantings tDJy not
have enough time to mature.

Variability in YClor endowmenu
N. summarized ill Table I, Cumen ill IIOrthern Nigeria and BotsQU have
signiflC&Dl!y differelll factor endawmenu. Farming f~ tend 10 be;
mWJer ill Bouwana. The me ol the efYeetivc aopping 1abour tOfce is eveD
leu re1&tivc: 10 IIOfthern tflgeria tbu Is lugestnd by family aizu. In
Bouwa.n.I, \Yo'o-tbirds of the actiYe rural pop:&1atloa are atteDdiq a.chooI,
IeDding lM.stock, or c;q.aged ill olJ·CanD Mge employmelll. III contrast,
Botswan& CanDas generally haYe more land, liveslock, and facd capitaL
F&rIIIS ill Bouwana IlSllally nlI£C &om 1~20 1Ic;(wes, DOt iDdllding
commUDal Jfazing areu, COIIlpue" to leu tbu five bea&rea ill DOrlbern
NlgCria. Moreover, Botawana farma COC&i&t ol one or two CXlIItiiuoua bloch
oll&nd while thoae in tftgeria often are COIIlposed ollClltered plata.

M06I Cartners in Botawana aMI one or mare mouldboard pIoU&bs and many
ll'W11 donItey carts. &cause ol • Dal.ionaI equipment sub&idy progr&m~e.

Carmers ill paru of the COWlIry \lOW also bYe purchased row pl&nters and
c:ultivators. In additioa, Botswana CartDera b.m:: a COIIIparabIe nz:cc; ol band
tooh and rcccpC&cIea u thoae llMInd by tfJ&Uiu CanDera.

Farming auategiea a.D be ligni6anlly aCfeetnd by the ability ol CanDera
to YIitbstand prodlldioD short!IJb. 8ot.swaDa CartDera uYe a much lI'eater
ability to deal with aop Wlures because ol their eoauol ol eat1lc aHeU.
While many Botswana CartDera do DOl own c:anJe, more tban baJI' are able 10
draw apin.st their canle illventoriea ill the Caee ol adw:ne citQlmll,ncel,
thereby stabiIiziD& their Ilandard ol1iving.

NatioaaJ resource endowmellls an also aCfec1 Carmen, U receD1
experiCna:s ill both N"lgCria and Botawana bvc: demomtrated I>urin& the
197OI, oil rCYCDlIa in N"lgeria were tiled to fund DWlleI'ODS qrioIInual
prosr&Jl1lDU- Such progriIIUDU baYe been~ alfedecf by the Call ill oil
prices. In &uwana. £OYUIlDIent bas used revenllts from anJe and
diamonds aporu to s~ I&rming lamilies-sub<hnt;.Uy JDiti&atin& the
ID.OU serious efYec1s ol the ocgoiDa m·yur drouaht.

Market< (or inpuls apd OUlpu!s
In DOrthc:rn Nigeria, u ill muda ol Africa, there are both Cormal and
informal tDukets for illpuU and outputs. Informal trade 0CQIlI amocg
housebolds and ill periodic markets. The periodic: markets facilitate inter­
houseboId trade and prOYide • dwIne1 Cot evacuat.ic& surplus prodlldioa
frum rural to urbiI..D centres. Food itCDIS are~ on an inesuJu b.uis
aDd thae is wbshnlial SUklIIal pri£:: vviatioa. 1'belc is limited trade ill
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1ibk l.SdoCaiIlpd"'......,..-~-~­
Zorio, ..... (1"').

",\$3. b,1n6. 'Noholo~pelQ.taP-.s .. """", ZorIa~.. dll"­
Sauna: Am (llII6o);~__ ODd "'" (llIIZ)

Fumiac IJIlemI mM acmClC
Farmers ill both areas have cIeveJoped iDlriate farming I}'Ilems Ihal permit
family Iabow ulilimioD Ihr~ the )ar IlDd prcMde wa)'5 to pro61ab1y
iaYC5l capital However. there are some IIgnirICUl alIIIruU ill fanniaa
ayuCDlS managcmCZlt betwec.n abe IWo areas.

prodUdion inputs.
FoUowing a patlern Ulablished during the iXl10aiaI period, the

GO\'Unmenl ol Nigen. bas inlcn'CDCd e:llcmively in ~wal markets
(Norman, Simmons, and HI~ 1982). Ma.!lY awoa.chu ltave keD tried for
fcrtili5cr distribution, but aU have met wilb little IIICCCSS. OrpDiud seed
dislributioa was limited 10 COUOD IIDliI lbe 197Os, resultiD& in limtted use of
improved vvielie, of mou crops. Marketina boards CIiol lor most
co:nmoditles, but Ihcn: Itave beeII mUl)' prpblems ,.... the awkdiD& board
I)'5Icm.

In Bouwua. Ic>caJ trade lai5torically hts bull "'-in-led by iDfonnal
CIC!wIge£ between bouschoId5. Wonnal trades are made for labour,
tr&clioa, plhued item, and IIouschoId prtlducu OD both a cash and barter
basis. Imcrbowehold~ Ji&zWic;antJy iDauIe the aa:ca ell poor
laraiDg families to required productioa reIOlIl1CCS.

ComplemCll1in& boI.l5Cbol4 eria"iO. ill Bouwma there is • Detwork of
privately 0MIed pcral traders whida CI:.-h 10 CIICIIliaIIy aD WIagcs.
The geueral traders~ imported agrkulrW'al MIJImoc!iliei aDd other
household goods 10 rural areas. M05I ol Jh,t ilem& solei are ciIber procuaed
or manwadured, ud are of Dearly 5laDdartliKd qualiry. Pricea are IlIbjea
10 a price coatroll)"lcm based OIl~ pica aDd traDsport COIU.

A rCCCDI 5tIIdy of the tradiD& DdWork ill the CcatraJ AIficuJIlIraJ RqiOD
(Baker. 1987) ~ Ihal the trIdiDg aetwork is IIIaki.D& a major
CODtribution 10 fooc! ICaUiry cIIIe 10 the prolisioa oJ. food commoc!iUc:a JDcI,
10 a Ieuer ClllCDI, agricuJIuraJ implemCAts a.nd feDc::iDa maIeriab. IDpuI
avai1ability is • problem in UIIaBer Yi\lageJ, particularly for major
implemenu, bul reasonably priced transport i~ lYai.IabIe. The availability a.ncl
low prices or imported. mWed fooc! p. ,tlearly afl'Cd lanIICfI' iDceIIlive&
10 iaYCSI in 50tgbum prodlld!llII. Thll&, food ;lcauity is iDcrea5ed Ihrougb the
marketing I)'5ICIII, buI the iDecDtive to I.:hieve food adl'~ is
decreasc4.

Seed for lorIbum aDd oI.ber aopI is avai1ab1e IJarouah the Botswma
Agrkultural Marketing Board (IWdB) dePOIl locaIed ill abe Iarp viIIqea..
MAMS aho aDIlOUlICCI pI&r&1ltCed producu prica befon: the~ of
each5CUOlL
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Entsmris cmpbl$is
In Bouwua, rural people tradilioJWly haw: been pastorali5ls while ill
DOrtheru N"'ieria the emphasis has 1011& been DO crop cultivalioa. In addilioa
to cultivating rainfed land, Nigerian (armen. haw: also cultivaled lIDall
amollllU of land aur riven and 5llcams that WI be irrigated with Wnple
irrigalioa 1JIlems. The&c traditioaal orieDtatioas alGliDuc to distinguWl the
areas.

In porthcrn N"JgUia, aopl ItiD coastitllle a more imporUnl compoaenl 01
farm and household iDcome than ill BotswaIla. lDcoole (rom crop produetioll
acenunu (or more than a two-thirds 01 the toaJ iDcome 01 mOil hou.sehoIds
(MaIloa, 1977). Off·farm OCQIpalioaa. primariJy within thc WIage, are an
importllll Iabout 1CliYiry, but ICCOWII for oaIy a qlWtU cl bousehoId
me.)lDCo

In Botswana, crop produetioll is the third or rourth mOIl important 1OUrc:e

of iDcome ror mOIl bowehoIds-rollowiD& liw:&tod telldins (and aaJu),
wagc employmem, and beer brewing. kemittallca from Camilia mcmben
workiaa outside the WIage 1100 tend to be a morc importanl 1OUrc:e of
iDeomc than crop produetioll at Icul (or poor households. I>urina the
ClIIgOiDg cIrou&h4 ~ tranaCen Crom the PJYUDIIICIIl bm: prOYided more
real iDcomc for many bowdIoIds than has crop produetioll

Dapilc the importance 01 liw:&tock ill Bouwana, there tcnds to be leu
eanp1emCDWity berwcu liw:&tod and crop cIIlerpri5u t!wI ill N"Jgeria.
ADimaIs J1CDCfaII>- are kept Us a ICparalC area from where cropl arc gaML
nus, the role 01 iYCllod u a prcMde; 01 manurc ill Bouwana is miDi'lU1.
lD DOrthcna N"JFria, IUd complemelllarities arc maiDiaiDed thrOll&b
pasloralisu carraIJi.aI their eattJc 011 the 6dda 01crop Cllhivaton.

While out-ol·Wbge wage emp&oymclll ia~ important ill BotswvJ, iD- I
viIlagc off·(arm iDeome opportuDilie& an: poorly cIcvcIoped, compared to •
nortbuD N"'iCDa. For aample, traditioa.al marketiD& systems wbicb prOYidt :
muy employmelll oppommities ill Weal Africa arc WnWIy 1IODaiI:!:Dl Us , I
Bouwua. Tbe~ for t.Ilis an: DOl clear. ODe major fader may be :
that \hen bu bceII DO "CD&iDc cl 1l'0Mh" ill Bouwua to (Oller ib "
c1ew:lopmeDt. ill the fonD 01 crop& produced (or clispo&&1. Partidpatioa ill
tile Soutl:cna Africu Oaatoma Uaioo bu abo ruuicted opponunitiea for the
cIe\dopaIcDl cl rural uuIkcaIe~

Sorghum modW1ion practjw
Farmen ill boch areas WIIIl to iDcrcasc total prod:laioa from tbcir croppiDs
eaterprise. but are II5iIIs clifIerelll Ilratqica for atI&iniII& it. Some cl tIac
key cliffereac:ea are u roUoM:

o In BotIwma, the much Iarp IUDOWIla 01 IaDd cultivated per WDiIy

mcmber imply a 1&nd exlCnsUlCItioD (labour uving) (arming I)"lcms
maugemelll 5llatcgy. In DOrthern N"lger~ (armen haw: more ol a
land inlCnsUlCIUoo (yield-increASing) 5llatcgy.

o 10 Botswana. the prevalence of calLIe led to the inlrodudion o( animal
traetioll more than eight )'Can ago. In contrast. in oorthern Nigcria
mO£l crop cultivation is doac by bud, requiring more labour per unit
arca. Rc1Ieding the tillagc mClhods, ridgill& and h.ilJ pla..'Ilina systcms
arc prominent Us aorthern N"'iCrU. while Us B«nva.na mO&l crops arc
gowa oa the f1at. Farmen Wnply broadcast the ICed ud plough it in.

o FC1I'I:r crOp! arc (c. can be) growa ill the wUicr climatie
cnwOl1IDcIIl of Bouwana. ThIU, in DOrthcra N"Jgcria, (armcn often
pow differcnt eo>pI (IT We thaD thoce that they COIlSUUlC. In
Botswana, lOfIhum ICna U the main rood crop and cash crop.
IW&tiw:Jy rew rarmen grow special crOp! jllSl (or u1e. This mcus
that lOfIhum plays a rclatiw:1y more imponalll role ror rarmen ill
Botswana thaD ror those in IIOrthern N"1gcri&.

o RcJlecting their inlcnsUJatioa 5llatcgy, farmen ill northern tf'ieria
IlK more chemical rcrtiliser, apply greater qlWluties ol organie
manure, and weed two to three timc&. In Bouwua, (armers
broadast pIaIIl and plough as large an area as pouible after cach
rain. PO&l.p1anting opcratioas generally are coafmed to oae wcedill&
and bird &c&ring.

o The gender divWoa 01 labour is substantially different berwcen thc
two areas. 10 Bouwau, adult remaJu prOYide mO&l 01 the labour (or
iorihum productioa, u well u (Of holl5Chold maintclW1CC aaivitiu.
MaJu traditioaally have beeD rupo<wble b te~ calLIe. AzUmal
traetioll ploughing. a task DOC commOll!y round in lIorthem Nigeria, is
the ooIy arable rarm.iDg aaivity which is dominaled by mcn ill
Bouwua. In COIltrast, maIu account ror n;orc than three-quartcn
01 the labour (or crop prodlldiot: ill northern N"ljlCria.

As a ruuIl of the rupeaiw: mllllgCmclll I)"lcms, uaditioa&l sorghum
yields arc mudl '.ower ill~ than ill lIOrthern N"lgcria. It ihould be
emphasised that L"e DW1IiCment I)"lcma ill both areas rcpresent reasonable
rc&poasu to the re&1ilica of the Ilalural CDVirOllUlcnls ud JOOouonomir.
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In Jicht 01 the aboYc area c:om~ it &bouId DOC be surprisina that
rarmen ill the two areas haw: signi[lCIDtIy differclll rood &«Ilrily &::Iolcgies.

FUlllcn ill IIOI'thera N",&cria depeud on achieving a high c1egree of (ood
aeJl-lllfficicacy. Staple rood vain SllppUu Wlnot be reliably obuined
tIlroup market pwdwea. Tbe limiled amOWll ol cash generated through
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aooIutioa is cleKribcd below. UlIIil- DOW, the Ialcr COIIlpcICIeZIU Lislc4
FJlCfaDy have DO( replaced the C&Ilicr OIICI. Rather, the Ildditional
COGIpoGCIIU were iDcorporated over time ill reapoasc 10 pcrceivl:d wcUDC&.IC$.

1. Prior to the 1!l6OL There WIn two IIlaia thnIaII 10 tcchDoIocY
deveJ..jlln':DI w,:arclL Btth pmlui!y focused IJQ booatiDg the output
of cspcm~ Oac: stralCli1 emphasised ~varicty impr_CIIl,
willa the 00jcaiw.& 01 iaaeasina yidds &lid iJluet UJd c!i5casc
~-=. There was a lWitcd amCJWll of 'iT0Il0Il:Iic rcaurch II)devclop recommcc.d&!i:las 011 p1lJl\ lpaciDc. fcrtilia&tioa. aDd otherhllWandzy pnc:ticea Cor the __ varicticL The ICalDd c:ompooclll
CD!ailed the acIectivc traIISfc:nloa of asedwUc:aJ aDd biologicaltechDolosica from areas 'II'ida more proiuetiYC CarmiDs l)'ItelllL
lkiilllli"i ia the 1950. Ilatioa lased, iadue:tM reacardl to develop
tedllOlogiea adaptc4 to the Il&lllral caMroameal became izaportUL
UnIe was kaowD aboul the C\IIIdIIJCliD& 01 local awkeU and IIIppart
I)'ItCII1I reacarcb was DO(~ a lip prioriry.

2. 196Os. lD IIOrthcm Nipia, ddaiIed qll&lllitaliYC atudica wereIII1dcrtakeD by aociaI scicIIliIu ,.ith the aim 01 \IIldcnt&Ddiaa the
ratioDality of IiIIIUd resow'CC ftrmen wilhiD the iocio ecoaomic
CllWoamCD1l ill .mc:h they tw:rC opcratiDc. 11Icte umaDy was IittJeiDtuactioa 'II'ida Jtalioa.bued uchDicaJ KieAlisu. . Social ICiCIIcc
reacarch (focused OD izaproyiDa faltDiD& I)'I\tmI aDd food aeaIrity) was
a.ilJ ladiq ill Botswua.

3. Mid·l970s IIId early-l98Oa. The popularisatioa of farmiD& systems
work look place wah its cmplwis oa the diapoIis of cxi&liD& farmm,
I)'&lc:ms; aDd tbc cIc&ip, tesliAt. aDd d.iucmiDatioa of rdcvaIIl
impro¥ed Icdl"oIoIlic5 Emplwis duriaa tbiJ period was iDaeasiaBIY
placed 011 coopcnllaD witIl aperimCllt IIatioa bucd ICitIIlists IIId
illvoIviaa farmen u adiYC participuts ia the p-oceI5 of dcveJopias
rcIcvaIIl improved tccbaolosieJ TIle cmplwis Wflcd from c:oIJcctiaa
qll&ll1itatM data toq~ 1IIICSmlaDcIin&- TowardJ the cud of the
pe,riod, iDacuiag lXIDCCI1I ... ClJreucd about buiIdiaa IiDbges Wh
extcasioa IIId policy D:I&I.zn.

4. Mid·l980s. Coacem over food aeaIrity WIICI is IcadiDI 10 &.II
inaeasia& emphuii 011 policy iuIICIl.Dd macroec:.ooomic III&1ysis.

~

DIIria& the put 26 )'l:&ra, tRmcDdoua ptopa ... bcca made ill the 11'11raeardI 011 farm produetMty ad food IICClIriq iaIICI ia bciaa CllIIduded.
AI a ruuIt, OUt udentaadiDa 01 IIIe dctcrmiuDIJ 01 Cood aecwity bassreatIY i&creased. AI tbiJ poiat, it ill a1m0ll iDc:oDcem..lk that iatcr.dilcipliaary OII·farm raearda could be d."l5COIIIiallCd. II &lao ICClU that DOI
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wu of aops such IS eollon, or from off·farm wilhin·villrge emp\oyznellt, islargely lIudcd for lIonrood household requiremellts. Ni£crian farmers UJIlIld do produce more cf lheir food lhan Botswana farmers, but are quire
.~ptible 10 foo.! shortIe!!s. Thtrefore, lhcre is a WCIlI ;na:nln'c 10
~t!.l~ bvt.(,tn:cr:t!: i:l crop produ.c:bo if the in\lalme~. provide a
ru..'Ucab!e ud rcli.;blc rC:l:1U. A majc-r UsIOe facing Dorlbern N";gerian
farmers i& lhe bilincc i:l mve=el>l !:e."Ii:-.ell sorghum and odIer Jops.

III COOUGl., fl.mli!<,: f=w ill ~war.a lave sysl~y tried 10
:liir:~:·· r:u: 1iD.i:t,gt: betweeD r~ prod~ Ind food ",...curi,-y. \l,'hile lhe
rz;~~ oo;c::ti".c cJ 6!C""ir.g 6OI'ghwn iI 10 m~ bcwcllold food grain
requirement! (BueT, 19m), co housebolds adUa1li' rely OD food KIf·
sufficiellCY. lDuead. mOIl food is purebued IIliD; cash from a lXXIIbiutioa
of several .aurCCl. U the raW are good IlId a lufflCiat quantity of
sorghum is produced, it is a ~laJme CYCIIl. The money which wouI4 have
beell lpelll 011 food becomes a.vai1abIc foe other itemL The food s.ecurity
&lTltegy of IJoUwau Carmen impliea that apital or labour iDYcsLmenu illIOl"ghum productioa 1aU&1ly are II()( a lOp household priority. This poses a
major cha1leDge 10 technology development reaurchera.

CHANGES IN RESEARCH APPROACHES
There are two complemellWy approaches 10 inaeasiDg the productivity of
fumiDg families &lid improvillg their food auwity situatiOIl.

o Devdop and ~minate relevant imprOY'cd lechnologiC£, which enable
bolUCbolds 10 Ioae rCIOlUcea previousJy Wlderuli!izu Ul/or inaease
lhe productivity of reaourcea already being II\iliz.ed.

o Develop relenat policiea (e.... priciDg systems) and support systems
(e.g., extelUion, aedil, imprOY'cd input distributiOll programmes OD the
inpul aide, &lid markell for lhe produeu produced). The deveJopmelll
of relevant policies &lid IUPport systems UJI elllail a combiutioa of
maao- &lid tJUao-leveI research.

Bolh compODClIIs are needed 10 racilitate iIIacased agriculture
prlXluctivity &lid imprOY'cd food lCCII1ity. Which iI relatively more imporl&lllu Iocatioa III!! time specific. ID this 5CCIion we charaeteriac: lhe research
which has beell COllduetc4 ill order to facilitale the developmenl of aorghum·
based farmiDg systeml &lid diacusa lhe need for t miao-maao balaacc illfutlUe research.

O¥cniew
Throughout Africa, lhere has beeD &II evolutioll ill the approaches used 10
addrU6 the lIecda of fumins families over lhe Wt 2D 10 J() yean. Thia
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~ rU1InII to tllc Iiaaibas Cldar
Farmetl dearly take iIIIo ac.count the impad of inlervcnlioll5 lID their m06l
Iimitiag resources. Oae of the main Icuons from farming l)'ilelllS work is
that tcdmology dc.vcIopmCDI tcsC&I'ch mllSl also pay attelllioa to ",,'ich
factors arc mosl limiting for which farmers. Whether IanJ or labour will be
the more limiting factlX will lead 10 be 1ocatif'.A1 specifIC. Howevu. ratioI of
Iaad aDd labour caD be very audcIy limplifJed into tbrcc possible siluatioll5:

o 1II.lfus of low popula1ioa dcmity, the peak demand period fIX Iaboo.>
is IikcIy 10 Ix: tlIc IllajIX coastrainiaa factlX 00 apalldcd output.

that differellces in tcclmical elJicicacy oftell Item less from managerial
ability tIwl from compromises made 10 deal with inadequate income
and resources. For example, ill 1I0rthertl Nigeria Ibc urgelll DUd for
food and cub make it aca:uary for members of low iacome families
10 work at off·farm oc.cupatioos, Ibereby forcing rarmcn to de1.ly
planting sorghum and millet and dchy the finl wudillg (Mahoo et a1,
1~). As a result, poorer bousehoId are disproportioaally reprcsclllcd
am~ the Icut teehnicaIIy cffici.:nt producers.

Compuable compromisca are ob6cncd in Bouwana. NC&I'Iy hal! the
households rely 00 other bOuschoIds for trletioo rcsourcu. 111 order
10 gain IC.cea&, dcpeadeal bouscboLh have to provide ash IX labour
for p10ughiag the traction awacr'1 field. 111 order to obt.ain cub for
food IS wcII IS pIougbing. lOme family members emigrate far wage
employment. 'ThuclOfl:. Macther paying in 1.Ibour or cub, dzlught
depeadelll bousebold& coa.si5tcnlly elld up ploughing Iatcr and oftell
have Icsa~ available far~ 11Ic result i& a aignificant
iIIvcrsc relatiollship bctwccn levela of sorghum productioa (due to
yields and area ploughed) and household rC50lU'ces (Baker. 1987).

o Relevancc of tcdmiaI lOIutioas. Wlter abortagc, is the QYCt.riding
coD>trainl for m06l farmen in BoUwaaa and for many farmers ill
IIOftberu N'JGCOa. 11Icre are alternative tillage and pIaatiDg practices
which addzCSl waler ahoruges. Whether they CIII be implemenled
depends. to I gre.at atclll, 00 the resources farmers have at their
dispoul. For examplc, in Bouwana it is critically important 10 ensure
pIoughiaa is doac IS 100II IS poWble after rains, ill order to make
lUte water is available for germination and plant growth (although
lOlIIe farmers do take the chaacc that germination will resull from I
posI.planling rain). Obviously. timely ploughing is easier for I

trador-owaing farmer tIwl for a farmer who has 10 hire donkeys.
11Ic cha1IcD&e is 10 dcvcIop rclcvant guidelinca for poor farmm IS

-n IS for farmcra having ac:ccu to grealer levela of resource&.

o III areas of transilioll 10 high popui.ltiOIl dezuitics, i& is poISible Ihal
both 1.Ibour and land COII5UainII will emerge. The peak demand period
for ~bour will be a COII5Uaining influence and 1and will emerge IS a
problem because lOiI fertility will decline uadcr pcpulatioa pres.sure.
11Ic possible dual nalure of tbcsc COlUU aiIIIa will be cuccrbatcd by
the increasing aced, ill order to lWlrln " IIIW&dory level of living,
for farm families to spead more time ill adivitica that require year
arOWld commilmeau-iacludiag off·farm iAcome earning activities, IS

well IS cariJIi fOl livalock 0WDcd by t!le family. ~ Iaad bcwmca
more 01 a coastrailll, the valllt: of .Matock ill coctributing to
m&iataining lOiI fertility will bcalme puler. Howevu, the problem
of feeding livalock will also bcalme ~cr; and quite likely will
involve a thaagc to more 1.Ibour iIIIelllive mctboda.

o 111 areas of very high popula1ioa dauity. where labour bcwmes
wrplus, Iaad is IikcIy 10 be the m06l coastraining factor.

11Ic relative fadar ratiol PeD abaYc~ lWll b&si.: priorities in
cfflXll to introduce rc1cvaat trdaoJocica; finL, improvina the produetMty
of labour II boUIcoeck pcriodl, and accoodIy. improv'oIII the lIr&tegics­
such IS iauoduciag mecbln;Ulioa to~ die problem oflUiOC1&! labour
bottlcacW and bUK'JCmiuI tedmoIogy to incr~ Iaad prodlldivily-are
too limplistic.

There are three key iosucs which mlUl be coosidcrcd wbcD dctcrmiaiDg a
1Irllcgy 10 addzCSl farmetl'limiting faden.

F'nt, ialerveAlioo& designed 10 ioa~ the rctlU1l to the m<l'l limiting
CIder iadircaJy alfca the 11K and/IX prodlldivily of other laden. FIX
cumple. Iabour-uviog techoologju sllCh IS bcrbicidca IX iIIIer·row
mcchaalcal cWivatioa-if used to peak labour pcrlod.--ao improve yi:1ds
due to mlXe timely licId opcnJiOQl, Yleld·increasing tech.aoIogics (e....
improved leCd; fertililcr, pest, d~ and weed coauol; improved eulturaJ
praeticu; etc.) will-if tbcre ia DO dwIgc in the power base-lUually
incr~ 1.Ibour demands. Dcpe4ding 011 the dejlrCC to which yidds arc
incrC.llCd, tb.ia ~ ha~ citlocr a~ ar acp.tiYc impaa 011 labour
pre:luctivily.

Sccoad, multiplc biocfiag comuainll WI be prCSCIII in a~ arC.l,
particWarly if rcsourcca arc ilIcquitably c!iwiblItcd. Howevu. is ia IlOl C.lSy
in IICmi-arid arC.li to dcaiga IccbDOlosi« that rcauIt ill an incr~ iD both
Wid and labour prodlldivily. FIX aamplc, in a IlWIIbcr ol imprav~ aop
l«.booloeY packqea cumiacd ill NOiIhcm N'J&Cria, ~ oaIy oae that
incrCllcd the prodlldivity CJl both Iaad and labour in a Ipccucular My was
IDIizc.

la I!ou\\UI we have had CVCD mOle Jlfoblcms idcIIIi1)iaa packtiCI Yo'hidI
re1aIc to Iaad w labour CODlIrainu. ODe pouibIc t.ceIIooIosY ia double-
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ploughing. !he fUll one at which is undenuCD in ewder to permit mewe
waler 10 CDler the profile and be available al planling 011 the IeGOlldploughing operatioD. Our raurch OYer fiYc )'UrI has ihawD Ihal Carmen
ClcWg a !aDd COI1Strainl UII obtain 75% higher yields and incru.ed Wm
profill by double ploughing. Returns 10 ploughing labour also IeDd 10 behigher with double plo\:ghing. HCIWC"Cf, the data aupporting double
ploughing Cor Carmers who Cace only I ploughing ew wwIi.Da labour
constraint, DOl a land wastraint, arc leu~

Third, a YerJ obvious requiremCDI ia the DCCeI&ity d Citt.in&I~logether with the complemelllal}' aupport IystCllU. Few ewnple, in DMhem
Nigeria the maize technology mCDlioaed aboYc could oaIy be adopted byCarmen wbelI the World Bank came ill with a aeriea of agriaIhuraldeve.lopmelll projec:u Ih.d had eood diwibutioa Iystellll Cew iIlputs and
provided markeu Cor the output. III BouwaDa, double pIouBhiq ia DOl eaay10 a4voc:a1e aurCD1ly, partic:u1&r1y lew tboIc Carmen bcin& a labourlimitalloa, &iDee a QUTCDI deYelopmCDI programme ia buWy wkidisi"l
single plougbiDg of the \and. 'IlUl IlIbiidy ia DOl avai1abI.e Cor a &ec:oodploughing and therefore the COSII and returns to lumen arc leu CaYO\l:abI~
tIw1 they would be otbt:rM.e.

EJ;pIoitiDg IlcsibWtJ 9CnlII brWiJl& coastraislu
Limiting ClelOfl UII be addreued either through breaking coastrainu ew by
exploitin& flexibilily thaI c.mu in cunCDI fuming Iystems. For ewnple, ill
1I0nhem Nigeria planling labour is a limiting Clelew. Farmen avoid !belisnitatioD by planting COII?1l after food aops hnc beell p1allled. Although
lower yields are obtained due to late planting. the dimatic ClMrOlUllelllpcrmill v.llI1e retur1I from laIc &eISOD 1abow' and 1aIld that would oIhuwi&c
be undel'1l1ilUed.

III 8o(s'QJUl luming I)'SlCIIII there arc many Cewer OpportllllitiCi few
exploiting flexibility. Few ewnple, because of low yields, it was IIC(UiU)'10 break a pIaIlIing labour COIlWain! by turuing 10 animaJ tractioa. The:
area cultivaled increased and IlOW Carmen are Caced with a weeding labourconstrain!. The: ti.rning of weeding annQ( be greatly 5hifted because urly
weeding iIlIerCerCi with ploughing and 1lC'«WlalCi • second 1tt'Cedin& while
laIc weeding conIlicu with bird &Wing and early Iwvc&ting. A sood
allernatM: Cew Ol'CrlXHDing !he limilatioa i& 10 introduce row planliD& and
med.anicaJ iIlIer·row cullivatiol1. This would be what we term 'break.ina
the COIlWain!' r&ther tIw1 exploiting flexibility.

III gCDeral, breaking COIUInins UII lead 10 aubltallli.aJ imprOYCmellU.
However, invc5lmellll required Cor breaking COllSlJ'ainli gellerally arc much
srealer than tboI.c IIIed ill 'apIoil.ina flexibility. Abo, then: arc ott"
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IlegalM: equity impliulioll£ lS5Oc:iated with a "bruking coaslraiDl&" Ilraleg)'.
Therefore, it i& desirable to purwe a balantt.d approach. ~ if the
opponWliliei for exploiting flc:xibility appear 10 be Iirnited.

We ~ve made IOUIC progrw CoIlowing thi& IlralCS)' in BoIIwalIa. For
CDlIIple, we ~ve tried 10 break the Waler limltatioD throop IICW IillJge
1)'5lems, aU of whicb require alClUoi of tradioD fCIOlIJ'a:I. AI tbe samc
lime, we ~ve IUCD advanta&c of the Cact that in many bol'5"hoId, Cemale
labour i& UDderlItiIizcd dllJ'ill& the~ and plllllina period to dcYdop arecommClldatioa that _CD &bouId iznaa time ill poIl-ateNW""CIII 5taDdmlJlaFlDelll (Ihinning aDd IwId gap fiIJin&). A nore e- pIAIIl populatioDmakes better we oflimiLcd amOlllllS ollOillllllislurc:.

UDdaIlaDdias tile • 01f'anDcrs" )IQClica
Thuc is plcllly of C"idcDa: that Carmen in both (1l'CU ~ve dc\'ised ways of
luMvma io Ihcir IUab rid: llIIaraI CllWoame IlIL Rca&rdl 011 aopmiJIures, c:&rricd out 26 )'CUI • in IIOfthcm N"~JUia, &!lowcd quite dearlythat auemplS 10 improYC Cood ICaIriIy &boWd pay acrious al1cJIlioD 10
lumen' c:ziItina Ilralesiel aDd practiccL

Dala collected 011 aop miIlurca ill IIOfthcm Nipia &!lowcd that thegrlllol marJiD pel IIccurc _ bclWCCD 60 and~ JUabcr fot aop miIlurcs..AIlbougb the tola1 labour iDput few powinJ aDf~ ill IIIiItIIrct _ bjgbcr
l!laD in I01c WIDds, the retur1I pel~ bout cNrizla tbe lI'ajar labourbQ('kncck period (llUlC/lu1y) _ 2O'lI> higher few ,:rop miJ:lurc&. Thcrdcwe,
mW:d aopping DOl OII1y aIWiiated the labour bouIclned, but also paid off in
lerms of retunlI 10 lhal limited IClIIOlIa1 labour. The reau1t& also &bowed\hat growina aopl in miJIures save a more depc:Al!abIe returL 'IlUl i& DOl
aIlogctber &urpri&ing siocc diflCl'Clll ClOp' ~ diflercal PowiD& cycb,differing demud& 011 soil DutrieIlla, dift"ercDl I'OIlIUI IIabiu, aDd dif[~IUla:ptibilitica to Wec1 aDd c!i&ca&e attach. AI.. rCIIIk, faihuc llI' putiaJ
failure of ODe aop QJI lOIIIetimes be CDUDlCtIoCled by COIDpcDIalOl'J IfOMhby another.

We arc BOt proposing that growing aIlP' ill mil2urca ia always tbc beatllralCjD'. III fld, Ihere is lOUIe cWSCDcc to thc coatrV)' ill Bouwana
because 5CCOlIdary aops luch u c:owpeu Icrwf to (r.at compete lIlrJbum fewIhe limited water. However, Carmen~ IJIia and Icrwf to pIa.nt
QlremeJy low population& d ICalOdary allpl ill LIleir 1OfIbum-bucd aop
maturca. FrOlll U agrOllOa1ic It&DdpoiIlt, their mhlt1fta are d1'CCliYcJy IOIc_gbum plantinp. However, tbe ICCODdary alJlll do .ue • mljor
roatributioa to cIieluy dM:nity and JacJp JtabiIizl; froductioa ill JCHI Yo'bc:IIIhe primuy iotJbum aop Ca.iIs.
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The ac.cd fOf optioa& aDd guidcliDcs
The more unpre<lidable the rainfall is, the more likely farmers will adjust
Ihdr cropping r.lralegies depending on how the year develops. In such
environments (if nol all environments), it is unlikely that a lingle ~ralegy

will work every year. Therefore, technical scientists need 10 think in terms
of a number of options that can be sugg~e<lto farmers.

A ~Iy related issue is the nee<! for guidelines (auxiliary informalion).
A5 ByerJce (1?86) has argued. technial .acntisls have tended to concentrale
oa developing rccommeDdatiolll (prescriptM: information). They aCten Iuve
Dol given guidelines oa fallbacli 5lratcgics if the recommendation is Dol
applied accnrding 10 specifieations, or Cllra information that can help
CIIensioa 5laff and farmers adapt the recommendalions to their CIWII

circumslanccs. Such auxiliary information is very importanl and needs 10 be
iIIcorporated in rccommenQUons.

MiDimize the rcquircmcaU for~ inpub
A5 indiated earlier, farmers in harsh climatic environment buffer their
farming systems through off-farm enterprise& and Iiveslod aemiti($. Thus,
l11y proposed inlervention must be cvalualed in lerms of whether the
1"C$OW"a:a used for implemeatiDg that intervention could be betler and more
reliably invesled in aetiviliea other than arabic agriculture. For eaample, in
Botswa.a.I, few farmen are 'Willing 10 invesl cash in crop productiou since
relatively few paceM: crop prodUdioa as a reliable way iO produce a farm
inaxDe.

Unless goycrnme:>U are 'Willing aDd able to subsidize agricuIlural
productioo, agronomist may be best o«upicd in the dcvelopmelll of praetia:s
that r~e rc1ative1y low levels or CIIra inputs. Similarly, pla.ot breeders
should coacenlrale re1aliYely more OD modifyina the plalll 10 fll the
CDviroamCDl rather than c:xrceting the environmclll 10 be modiflCd to fll the
pIaIIl, a 5lratqy that was 10 &p«UcuIarly wca:ssful in the Ueen
rewNtioa.

TccIuaoIosY ladder aDd fuma AlbUdica
CoIMnlioaal~ is that lhcre is a Icchnology ladder, initially involving
the usc ol divWble inputs well as improved seed and fertili.!er. f0110wed by
pesticides ad berbicidel, and thCD later by Jumper more indivisible inputs
IlICh as lDeeh'nintioo. In areas ol high population density where the
Iaod/labow' ration is low. wch Slrategie$ ollen are feasible; but in areas
with high Iaod/labour ralios, Ihe fin! 5lep up lhe lechnology ladder is IikcIy
10 be labour-saving equipmclll_ This is the C&5C in Bouwaoa where
limelioeas 01 opcruiOD is 110 importllll, and the fanl 5lep for many farmin&
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families is oblaining access 10 draught animals and a plough.
II is apparenl in the very harsh enviroomenl 01 Botswana that, ~ithoul

draught animals and relaled equipmeDl, there is re1ativcly little llW caD be
done 10 help farmen more reliably produce lheir food Uain requirements.
Therefore, improving a= to draught power through the judicious usc of
pricing policy and support l)'Slems muugemenl can help the more
di$adnollgCd farmers meet the pr«:ooditioos to impraved productivity.

The: commitmclll ncccs.sasy CD the part or the govtnID'Ielll in providing
lumpy inpuu is relatively uealer than providing divWbIc inputs. Therefore,
the wuc 01~ for trae:tioo and equipmclll is an importalll aru where
there oudI 10 be cbc coordinatioD bcrweeo tedInicaI Kieotist.s aDd policy
analysts. When deaigning farmu assistance pt'O&tIDImCl, ID importalll wue
is eosuriog equal access by maIc and female f.umcrL This issue i& DOl

cIisaI.ued ill this paper, bill is quite importanl in 5oUwana.

SrnteinUw lad produdiviq
A5 human and animal populatiocs iocrcase, prcwua OD the rdativdy fragile:
Iaod base abo ioaeuc. Soil cooocrvatiOD is importalll ill IlIStaining the
po«entiaI for food seauily. However. uofort\l.Wely the cbu farming
familiu L"C 10 subsistence Ic:vds ol 1iving, the mOfe abort-run 1hcir
articulated DUds inevitably become. ~ueIIlJy. fa IIOi1 CODSCrvWOD

5lratcgiu to work, there must be a c:otlVUgCDCC bcrweeo the short-run
private interests 01 farmen and Ioag-run socictaI interau. 1D ccruin
&ituatioos, Ireta UKd as faddu and fuel eao provide this tODYCrgeDCe, bill
iD &CJlCfal, &uch =rvatioD can 0D!y be implcmcnUd throuP &ub&laIIlial
L..vels 01 sublidisatioo aDd/or comidcrable poIitieaI WI.

1D BocIwaoa, a aatiooaI coascrvatioD 5lratqy is ClIITeIIl1y being
dcvdopcd. The Itrategiea bein& suggested will COIl axWdcrahIt: amow1U ol
money. AIIO, the cr.Kial wuc 01 controlling cattle K:CaI OD the axnmwW
srazio& areas IliD remaiDs wsraolYcd. C&ttIc OWDUship is Ycrf a1cwcd in
IloUYiana !IlId lIOIDe ol the iDdMdlIIb rcspoa.siblC for c!wI&in& policy are
the ODCI who Itand to be IIIO'l from wch controllcd a.rxca. Thll.$,
pcnouI and poLitieaJ eoaaidera1ioDs are likcJy to iD.O.-ee policy duWoas
alfcain& the balana: bctwceIl private i.ad IIOCictaI intereatL

Balancz bctwcaa ao-farm aDd oIf-larm opport1IDitica
AI. cIisawed ahem, farmers in IIC1lbena N"iiCria aDd Bouwua eopae in ao
inIriealc wW ol aop&, lM:Ilod, and elf·farm aaivitiea. Ulllil DOW, we
haw: addrwed farm pIOductioa, with ao cmp!wis lID IUpk food Uain
(lOl'ghum) produaioa.

Dcapite the focus ol this paper OD aorghUDI proc!lICliOD, "'C bdiew: it is
KCCUary for polKy aoaIysu to have • w:der pcnpective Ibn limply the
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adoption of tedmologja. Polky anatyW IIld lupport I)'Slcml imprOYCllent
Deed to addrCII the Yfbolc farming 1)'SlCIII. Off·farm cmploymCDl is a great
genaalOl' of cmploymCDl IIld income. More aplicit allCDlioa is DCCdcd oa
the part oIlIWIy jOYCt1IIIlenllto cmplaymCDl ill the illCormal t«tor ill nua!
areas.

CONCLUSIONS

By bclpiDa IOrgbWD'producillg Camilia, who aJDItitute the majority 01
Camiliu ill CoUwana aDd DOr1hcnI N"J;Cria, to p-oducc IIIOrC lOrJbum aDd
enpge ill otha iDcome-c&nling adiWic&, we QII alIItliJute oipi6candy to
their attainiD& food 1CCUrity.

R.elIcdina oa the past two dccadeI 01 rcaurcb, it is appateIlt that mall)"
cmn bYe bcczI made ill our allClllpU to bclp IIIlaII Carmen anaiD food
1CCWiIy. Bill tbcR hal aha bceD lOGIC prtJFaI ill cic'vdopiDa &D

un~0I1UC&1Ch prioritieL
From our expcricDc:c& we arc a:nniDc:cd thaI, ill onicr to cIa.ip aDd

cIcYdop techno!ogies that farmen arc Iikcly to adopt, if is~ to put
ounclYcI doIcr to the IIalUraI aDd lOciocaloomic c::uviroamCDl ill 1IItidI they
operated. nil hal pcrhap& bceD the grca!C5l ItraIgth aDd COIIlrib\1licxl 01
f&nnilI& I)'UcmI work. Stemming from f&nnilI& I)'Slcml wort, there hal
bceD a mcwc away from mOllOlillUc tcdmoIogy paebacI aDd toward the
izlerc&scd t&r¢in& 01 p.-aaicc&. ~

MIlCh prllirCil is ItiII ~uired, particularly ill dcYCIopina reIcvull poIicicI ~
ad support I)'Ilcml that complemw the role 01 rdcvant lechnokJsies ill :
imprming the productivity &lid food IoCaIrity 01 farmina familicI OD a'
IU£laiIIable buis. Appropriate poIicica IIld support I)'UcmI C&Il widu the t
pouibIc applicability 01 tcdulolorPcs dcvtIopcd to addrcu bctmlgcncily ill a
the aanua! IIld 1OO0CC0ll0lDic czMrOll.lDClU. 11111I miao-lcvcI f&rmiIIB •
I)'Uems work aDd maao policy anatyW arc importa.al complcmenll ill ,;..
dIoru to anaiD food aeauity. 'f
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