
Livestock as a source of energy in smallholderfaruning systems
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I irttt .fctt' tnat t.J, sn?oll-sc-ole /ar-r?ers tt,ell t r t l,
tltts L-enlttt'1, tls popttlrtttcuzs il t(-t.eose artrl
ll.tctc l.s ittcrettsi lz.q pl'cr-rst t t.e on t-esoll/c(,s so
I I.te r reerls o.f' d rrtt t,ql.t I rt t t i,tct I pott,er./a t.tn(,t.s
(n'a cl.tct rtgirt,q. tl is intportattt tbrtt resert rcl:t_
c'r-\ rtttrl lhose irtttolu,ecl in r.leuelopntertl
t'cL-o,gn t'se tbis. {f tbe.y, (lo, the_y can prouicle
ll-tc sttpport tbar tbe.frtrtl'ters tt,ill rteecl in
itttltt'ot'in,g lbeit' liueliboocls tbrott,gb Ibe ttse
,f'rntitttal enet',q_y, itt cctttf tttt,c-licttt tt,itb lbe
l-t r t nrrtn artrl nt,rctt"iserl .fttrnts of' pcttt,er tlsrtt
(n'e ot)ailr.rblr: tct lhent. Sonte.f'ttlttt-e (trects of'
resel rclt a/-e i cl enti/iecl.

Introduction
I)rarrglrt unirnals cor-rtinLre tr> play an inlpor-
t:rnt rc>lc in zrgricultural production and tr:rns_
pr>r't in many tr-opiczll cr>trntries. Althougl-r
clrur,ght ani,ral powe. rurs l;een slrperseclccl
try tractors on l-nany of' the large coffulrer-
ci:rl lzrrnrs in thc tropics, it continues to be a
reler.'ant tcchnrrl.rgy in sn-rall-scale agricr_rl-
tlrre. l'his is ()n fzrrrns rvhere it is not eco_
nonric ()r practical to Llse nlotorisecl forrns
c>f' power. Draught animars zlr-e rraintzrinecl
over a wide range of agro-ccological zones,
but ure pzu-ticularly,conrmon on snrall n-rixecl
Ia rnrs 

"vherc 
rain-fed crops are grown nrainly

f.r- food production. In this papcr sorne of
the ,rzrin issues {zrcing tl-rc snrallholder farnrer
in using draught aninrzrls intr> tl-re ftrture are
clisc.rssecl, faken largcry frorn recent reviews
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ltv I'c'lrl's()n ( 199,s ) lrr-rrl I,c,lrr'.\()n t,r ttl( i()()() )'l'hc lrirrr is tr> scl the s('(,n(. lor-tlrt,Prr1rt.r,.: trr
f i rllr >u,

current uses of draught animals
Drar,rght rr,irrzrls a,cl lrLl,)1,s,still 1>r-r>r-iclc, :r

cor"rsic'lcrlrlrlc propor-tiorr r>l' ther tr>tlrl p()\\...,r-
t,rsercl in ugricultrrr-rrl 1>r'r>clrrcti.r-r in clcr cl,p-
ing crtrntries (-llrlrlc I ) \!'lrilc rrrrrr-r\ .1 tir.
countrics ir-r Asilr ancl Llrtil-r.\rrrcr-r(.;r ;u.r,
nte cllzrr-risir-rg tl-reir l:u'gcr clrsh (.r-( )p f rr r-rr r,s ;r t
lu rclutil'e ly' rapicl nrte . the rc is .still (.()nsiclcr--
zrblc Vari:rtion ryithin thc (.()Lrntr-i(,s (>1. ,\ll.ic.rr
i. thc Llsc ,l-tractor'.s, clr-rlrrglrt lrr-rirrrrrl pr>*..cr.
;rncl hrrnran p()\\,cr-. In .srrb-Slrhlrr-:rn,\ll-iclr.
Scrrrth Afl'icir,ncl /,it-rrl )zrl)\r,(_' Irlrr.. the .qr.t.rrt_
cst u.se <>l-tr-zrctr>r's rrncl lcrrst u.s(' ,l'l)ur)l:rrl
p()wcr Ior cr'()p Pr-<>clrrctior-r ()[)cr-atir>ns ;rricl
IJcrt sura nil ;r ncl ljn-i'tabr'c ,llr lr t. t ll c, g r.r:r r t

e st use o{'clruught lrninrul p()\\,cr- (I'alrlc 2 )

Table 1: Proportional contribution (vo)
to total power use in 93 developing
countries (EAO, l9S7)
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Table 2 Sources of power for primary land preparation (COMS EC, 1992)
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(.or-rtinrrccl nrc('lrlrr-risrrtior-r ol' rrgricrrltlrrul
pl'lrcticcs u,ill ( )('crn' u'he rc rt is cc()nonri-
r'rrll1'fcusiblc. lrn(l clnrrrglrt aninlrls u,ill lre
rcplitc'ccl on tll<>sc lirrnrs that cun pr'ocluce
e nough t<t jtrstilv ntzrintenlrncel trncl Llsc o1-

l\\'o r>r lcttr r-u'hcclccl tl'ac-tor p()\\/cr. I Ict,ul,-

c\rL)r' thc ir-rc'r'ctrsir-rg c'r>sts ol' nurchine n, ()p-

ct'lttir>n. trncl the c<tntinlrccl relcvanccr of' .snrlrll

I-urnrs ir-r tlrc p()()l'cl-purts ol tltc- rrgriculturirl
scctor, lnclrn thlrt thcrr: i.s likcly to l_rc 2l c()n-
tinrre cl ncccl Ior clruught unirnztls in ugricul-
Ittrc ut lctrst in the lctss procltrctirre 2u'clrs,
()r-r I'anns u,llcrc sizc lrncl scalc of'e ntcl'prise
ntle <>trt ntcchlrr-ricrrl p()\\rcl', trnintal pctw,er
is thc onll' nlcur-rs thc Ilu'n]crs hlrvc ol'ctrlti-
vrrting luncl. otltcr tlran Llsc of'I'unrilv lal-rour'.

z\lthorrgh clrarrght uninlrls nral<c their grc:rt-
c.sI cr>ntriltr-rtion irr zrgriculturct, thcY ulsct ltlrvc
2rr-r inrportunt rolc in l.ransport pzu'tictrlurlv
ll'<>ut tl-rc nrrerl lu'c;rs intct nlzrrkcts in the trr-
ban ol-peri-rrrltan arcus. It has lteen csti-

Ihc urc>r'lcl rclie.s largel,v on 2rr-rinurl transport
ol'goocls. Ar-rinrirl clrrts lrncl sledge.s 2lre rrsecl
t() tmnspor-t go<>cls rrncl pe<;ple in rtrral arc2rs
cspcc'i:rll1, u'hcrc roztcls 2re Llnsgitablc lor'
nrotor vchicles ()ftcn jor-r rneys 2rre short
lu ncl prc>r,iclc thc llle 2uts of- servicing the
.sn rirllholder i urnring sy,.stcnl rvitl-r inptrts sr.rcl-r

lrs Icrtiliscrs,2rncl scccls. thc rnerrns to trans-
port the harvc.st fronr l'ielcl tr> honlestezrcl.
prr>clllce to nrzrrket, zrncl grain to ancl ll'<tn-r

thc nrill. Anirlral pou,er- r'cclLrces tl-rc clrurclg-
cr),' ol'nlzrnv o1'thc hor-rseholcl actirrities sucl-r
rr.s u'lrtcr and Irrcl collcction. wl-rerc rvhcelccl
vclric-lc's cunnot lrc usecl, such lrs in nroun-
trtin()Lrs 2rrczr.s w'hcre ro:.rcls rlrc abscnt ()r
pr>orly' clcrrelr>pcci. pzrck irnirnzrls nlzryz be
rusccl to tr2rnsp()r't goods. workir-rg eclr.rids,
pur-ticlrlur-lv in certain parrts of Nor-th AII-iczr
(c.9, Morocco, Ethiopia, J'unisizr zrncl Egypt.)
zrncl Asi:r ( e.g. Inclia. Pakistun. Inclonesizr )

nrakc 2r consiclcrablc' uncl inrportzrnt contri-
bution to tl-rc trrlrzrr-r cc()n()nry, lreing usecl
to tr-:rnsport proclucct into zrnci 'uvithir-r thc
rrrbun:.lre:rs. cunlels in the N.{iclclle Ilu.st.
llumzrs in the South Anrericzrn highlzrnds, yaks
in -l'ibct 

ancl thc .surrounclir-rg coLrntries zrncl

r-r'rlrle.s ir-r tl-rc Vzestern l-lin-ralayzrs are fzn,ourccl
I<rr pacl< trzrnsport. clue tr> thcir altilitl,to
ll'ctrk in these particr_rl:rr cnvirctnnlcnts.

Agrrin ()\\'ltcrship trrrrl u.sc ()l'l)llulv,I tlrt,
prtcl< rrninrlrl.s i.s u,ithir-r tIl(' snrlrIIlroltlcr Irrr-rn

ing scc:tr>r'lrncl thc bcnclit ll'()nt ilr-rinrul 1tou'-
erccl trzrnsp()r't is r>ltcn gl'clrtcst u'itlrin tlris
scctr>r. It irtrpr'()\rcs tlteir trcccs.s tr> nrlrrlict.s
ancl t lre pro,r,isiort of- ir-rpr-rts 1l-<)nl (>rrtsiclc

Drrrugl-rt lrniurlrls urc alsr> rrse cl in the t inrlrr.r'
inclrrstll' lrncl t() p()\\'cr stlrt i<>ntrl'\' c( 1tri1tn)(.ltI
strch lrs \\,trtcl' I)Llr)l[),\, ,sLlglu' ('lutc ('l'Ll,slrt'r'.

:tncl grirrcling nrills. Lc.ss u'iclcsprclrcl rs llrt'ir
Llsc in thc rr-ro\/crlrclrt t>l nrlrtcrirrls ir-r iri rilcl-
ir-rg projccts lrncl rrxrcl. rllrrlr lrncl rc.\crrr>ir
c<>nstrtrctir>n u'ithin r-rrrrrl ul'cit.s. lltrrr-)\' oI' tlrt,
f-r'ir-rgc ;rctivitie.s ol- tlrc .snl;rlllrr>lclcr Irrlririrrg
sy'ste llts It is iltrp<>r'ttrr-rt tr> l'c('(>qni.st' lltlrt
ltnin-tlrl e ncrgv ('lrn ltc' hrrrr-rc.ssccl tr l prr>r iclt.
scverlrl ir-rc-onle,gcltcrlttir-rg lrr:tivitics Ior tlrt.
snllrllhr>lclcr Irrr-nrcr' ()Lrt-s'itlr tlrcir rr.s(' in tlrt,
procluction ol- 1c><>cl ancl c'lrsh ('l'()l)s \ I( )r'(,

vcrs:.rtilc. rrncl tl-rcrcf'orc r-r-r()rc l-r'crlLlcnt. Ltsc
,rf- anirlral pourcr is rul iclczrl lf ir)' to sprcrrcl
the nr:rintcn2rnce cost.s. A rcsting clrlr rrghi
aninurl still usc.s rc,s()Llrcc.s. Lurlike rr'r'est-
ing' t r:rctor'.

Traditional or new technology?
In sorlrc 2rrczrs ol- tl-rc u,orlcl clrrr rrght rrnirnlr ls
zrrc p2rrt ol- tl-rc traclitionzrl u,:rv r>l' crrltir,rrting
tl-rc lzrncl. for instancc in Eg1,pt. Incliu. \cpui.
Incloncsia. Irthi<>pi:r, Nc>r1h Aflic';r uncl in rnosi
o1' I-:rtin Ar-ncric2r. peoplc zu'c 2rc('rr.sl.r>nrccl to
kecping, tr':rining urncl lt-r2utuging titcir
clrzrugl-rt :rninl:rls. Irnplcnlents rrrc rc:trlilr'
2t\r2tillrble lr>crrllrr. Llsr.rlrlll, nrlrcle ll'onr lot.rr l

rlratcri;rls, u,ith u lr>c:rl s1'stcn-r t() r'cplrir lrncl
rcplzrcc tlrcn-r. Irrrnn size uncl llrnrilY strLl('-
trrrc tencl t() cletcrnlinc' u'hctlrer ir-rclir iclrrll
f:trnre'rs l<eep ltninruls thcr-r-rsclv-cs ()r' r.nrrkt,
Llse r>1'thosc 2rvuilablc locirllr. 1'or lrxrn ()r'
l-r ire .

In sonre ru'c2rs ol-tl-rc u.orld drur-rgirl rrr-lrrnirl
porvcr" is a. re lzrtir.ch' nc\\, te chnolctgr lor-
r.rsc in cuitivirtion :-rncl crc>p proclrrctiorr I;r.rr'

ir-rstuncc in \xzcst AIriczr, uncl nrur-h ol' srrb-
sahzrran Afl-ic2r. Llntil rcccntly, arnirnal cliscu.scs
prcrrcntccl tl-rc kccpir-rg of' zrninr;rls in nllrnv
zlrczr.s ancl tl-re traclitic>nul rnethocls ol' r.rrlti-
rrirting the lancl nrircic Lrse of rnanurrl llrl-rotrr-
only. It is only urithin the' last ccntlrr'\, thut
nrany peoplc hrrvc nrrrcle Lr.se ol.clrirrrgl-rt
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ltnintlrl.s on thcir' I'lu'nl.s in thesc :.rrelts. Ilc-
clrLlsLr ol- tl-rc rerllrtir,c ne\\'ness ol- thc tcch-
nc>l<)g). conrparccl to other places, the're is
rrot neccssurill, the inflrutstructttre ltvztilable
locally to train ancl n-ranage animals or pro-
clucc and rep2lir appropriate in-rple nrents. As

rl rcstrlt the anirtrals uncl irnplernents in,ail-
lrblc rlrc expcnsit,c and involve consicler-
able investnlernt bV tlle Irrrnle'r', be Ir>re hc
c:rr-r sce tl-rc bencf"its ancl thc clrarvbacks fi>r

hinrscll-. ()f tcrr intplentents 2rre intportecl or
mltlrrrf rrcttrrecl by conrpzlnies selling 2r rllngc
r>{' agriculttrral ecluipment. Althougl"r spzrrt:s

r-nay be availablc the muntrfacturcrs or re-
tailers cttn be sonre clistzrnce f rc>nr the f zrrnt,

:.rncl so re pair'.s cannot l;c clonc irt situ in tl-re
I-ielcls, as they so o{'ten can be'uvith ,nvooclcn

inrplenre nts.

Arrinruls 2rre ol-tcn nrore dil'ficult to train in
these 'non-traclitional' lrre2rs in Afl'icu. 'l'his

is be'czrllsc tl-rey are likely t<t hzrve been kept
irr cxtensil,e grazing systems and therefore
h;rve hacl less contuct u,ith people and less

l-r:rnclling than thr>se draught aninlals reared
near the honle on snlall farms in Asizr. In
the African 'non-traditional' systems farm-
crs c2rn lack experience in handling ancl

training aninral.s. The consequences of tl-rcse

two l-actors are tl-rat when thc animals zlre

r-rsed fbr work several people rvork with
thenl, olten one person lcading, one oper-
zrting the in-rplement zrnd one or two others
clriving the aninlzrls. Thr-rs when rnantral
cr-rltir.,ation nletl-rods are replaced by anirnal
power there rnay be less saving in htrman
lzrbotrr in przrctice than appears in theory, in
certain activities.

Even 'uvithin the traclitional areas of' anin-ral
power Llse, skill levels vary. Tl-rere are sorne
people who have poor skills in using ani-
rnal powel-. They often have a low aware-
ness of the technol.gy and of tl-re best way
to Llse their aninrals and to look after and
nlanage them. 'l'here is much less transfer
of skills fror-r-r tl-re older generation to the
yoLlnger one when people have turned to
agriculture later in their lives, after l-raving
worked outsidc the sector. Low skill levels
are also seen in the use of anirnal power in
transport in the peri-urban sector, where

pct>plc rvitltortt ir livc.st<>cli lrlrc'l<gr'()Lur(l rri:rr

tttt't-t [<> trninral-clrltu,'n tr-ltnsltor-t ir.s lr l)]clur,\
of e:trt-ring 1l livinH. 'l'hcsc 

1tr:r>ple llrr>r.iclc
utn itnltortant link l;ctu'cen thc .snurllholclcr
Iarnrers ancl their lllr-rrket.s. Incrc;-rsccl rr\\'ur"e-

ness ol' rnzlnagcnrcnl lrnd Llse r>l. clrlrrrght
anintztl p()\\'cr- c2rn irrtprr>r,'c tlrc c2rsc ol'u'<>r'l<-

ing und incontc ge ncl'uti<>r-r as u'cll rrs lrcing
benef'icial to tl-rc lor-rgcvit)'. herrlth lncl u'cl
fare of' tlre unir-nirl

The contribution of atrimal
enefgy in cropping systems

Arect cultiuctterl

In setni arid rtreas l'urn'rcr'.s ()\\'rlrng clr-lrrrgirl

ztnirlrztls tencl to hlrve lur,qcl' lantrs thlrr-r t lr< >sr:

r-tot r>rvning anirrtzrls. Iior cx2ut-rplc irr 'l':rngrr

region , 'lanz.ttnizr. lr srrrvcv ir-r I990 .slrou'ccl

tl-rat rno.sl I'arrns \\'cre rrnclcr 2 lrzt u'itlt < >nl\'
'cr sr-t-t:lll nrrnlber ()\re r 3 l-ra. I Iclu,cr.cr thc
farnrers owning zrnintrrls tenclecl to hlrvc
farrrrs over 3 ha (Starkey and ()r'irnll-r, 199t).
This pzrttern can be uttributccl [o tu'o f'actrtrs
( u) :-tnirttltl p,)s/e r rc(lrrircs gre lrtcr irtr csl-
tnent than is neecl in nlzrnuzrl lirbour s() ntrrl<-

ing it less attrztctive tc> Iarnle r-s ()lt thc srnullcr
Iartns (Redcty, 1988 ). ( lt ) I';rnners u,ith ir('-

cess to zrnirnal p()\n'er incrcasc thc 2u'ctr thc1,

cr-rltivaLe (Irrancis, 1988; Panin ancl de I Izre n.
7989; Surnberg and Gilbcrt, 1992). 'l'hc inr-
plication is tl-rat therc is LL positil,c crlrrclzr-
tion between ctrltivatecl arezr ancl use ol'ani-
rnal power.

Clearly expansic>n i.s possiltlc n,ith unirtul
po\ver in semi-zrr-id Llreas thzrt 2u-c l'lrnllecl
extensively, if only because lurntcrs tzrl<c lcss
tinre to prepare and plant lancl i{' thcl' Llsc

animal power than if'tl-rey Llsc nranual till-
age methods. Labour szrvings cern be c'()lt-
siderable. For example in a colllpzrrison ctf'

manllal and animal power inpr-rts into rice,

and marze production in central Nigeria lzrncl

preparation took about 315 h/ha Ior rice
(ploughing ancl harror,ving) ancl 65 5 h,,h:r
for marze (.rideing) using rnzlnllal lztborrr' t>rrt

only 94 h/l-ta f or rice and 28h/ha for nraizc
when oxen were used (Lawrence el al..
1997). 'Wl-ren the Llse of anintal pow,er- r'c,-

sults in less suitable, marginal land lteing
taken into cultivation, then it can enc()Lll--
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rrgc .s()il er'().si()n rtncl lar^rcl clcgruclrrtior-r as u,e ll
rrs p(x)l' crop 1,iclcls. Iinrit (7c)c),t) suege sts

that this has ltccr-r thc case in Niger, u'here
rtnir-rr:rl por,,t,cr has becn largely usecl t<> ex-
tencl cropping ureu in order to incrcase to-
tal production Stocking ( 19t18) has high-
lightccl .sinrilar pr'()[rlcnrs in otl-rer countries
ttsirrg anitnzrl p()wct- in crr)p proclltctir>n.

Ilxpansion is only pc>ssil>le rvhet'e therc is
potcrrtirrl tc> crpancl. In tl-re nlore intensively
lurrnccl hunricl 1u'c2ls. in -f :tr,':t and Ilzrnglirclcsh
l<>r- crzrnrple . u'ltere u-tosl cultir.'ataltle land
is :-rlre acly uncler crops, it is virtttally in-rpos-

sil>lc to incrcasc tl-re arerl planted, however
aninral powcr c2tn irnprc>ve tinre liness r>f firrn-t

actir.,ities ancl incre2lse yiclds in tl-ris way.

C't'{tp -l,,ields

Irrrrn-rcrs r,vitll 2lcccss to ztninl:tl powel' tetncl

to opt for m<>rc cxtensir,.e prodtrction than
lhose r-rsing l-rancl-tillagc l ecl-rniclues ( Irrutncis,

1988). u,,ith 2r resulting lorver yielcl per hect-
:rre. I Ior,vever. pror.,idecl thc are21 ctrltivzrted

:Jl.:ease'cl. 
r>r.trpur fl-on'r thc farnr can in-

Adoption of anirnal powel" in crop procltrc-
tion is often associated u,itl-r tl-re use of other
inpul"s such as in'tprovecl seeds and fertiliser
ancl so it can be clifl'ictrlt to distinguish whicl-r

hzrs had grezrtest effect. In the cotton grow-
ing regions of' 'West Africa, for exantple,
n he re anirnal power was encoLrraged by
tl-re cotton con'rpanies, food grain prodtrc-
tion increasecl in solne areas when anintal
power was introduced. I-he prodtrction of
{'ood crops benefited not just frotn ntore
Iirnely tillage, but fronr the fertilisers wl-ricl-r

were applied to tl-re cotton cash crop
( N4ahdzrvi, 1992).

The Llse of animal power can irnprove time-
liness of planting (Sl-u-rmba, 7984), and there-
fore can optinrise yields per hectare in ar-

eas where growing seasons are short and
time of planting is crucial to insure a good
crop. However in areas where weeds are

^ 
problem, and good weed control is es-

sential to optimise crop yields then use of
anirnal power may result in lower yields per
hectare. This can be due to two factors (a)

soil inversion using an animal drawn irnple-

rutcrtt ( t-t-tottlclbcxrrcl 1tl()Ll.qh ot' r'iclge t' li tt t'r-
Irnrltle ) clocs nr>[ t'csttlt in i,t.s gootl it tt'c'crl

srttotl-rcr 2ls u,'hcn.st>il tltvct'sion is clt>t'ttr

nllrnually ancl (lt ) incrcitsccl lu'c2l cttlttr lttetl
nteirns tl-rat we'edir-rg tt-ta\' lte clot-tc lcss ll'c-
c1-rently and lcss rvcll ulie r cr()p clltcrge ltce ,

rt:slrlting in it lorn,cr yielcl pcr hccLurc

ln u c()nlprtt'ison c>f' ttt:.ttluLtl llrl-lr)ul' rttlcl ltrli-
rural p()wcr in the cultivrttion ()l- t'ic'c rtncl

t-natzc in 2ur inlltr-rcl vltllcl' t-cgiot-t in c't'tltt'rtl

Nigcria r,r'cccl inlestatir>n wit.s ltcltvict' lutcl

wecding took l<>ngcr' ()It tl-rc ()x-('Llltivlttecl

plots in both ricc arncl tt'utizc -l'his clicl n<>t

.significantly aI'f ect yie lcls ()n t hc: tt't'r'(le ci

Jrlots. br-rt when tve e'cling \\'2[s not clonc,

)ziclcls we re ultnost hztlvccl fr>r t'icc ltntl \\'crc
almost nonc e ristcnt Iirr- nrltizc, u'hct lter'

aninral powcr or trt;.tntt:tl lalrotrr h;rcl lrccn
used fcrr lancl prc'p2lritti<>n (Lltu'r'encc cl rtl .

1997 )

In northern Nigeria ()n clillercr-rt soil tvpcs
Llsc oI unimal po\\'er hacl a bcr-tc'l-ici:rl ef'lcc-t

on weed control. Usc c>f ox-clretu'r-t inrplc-
ments for ridging utncl renl()ulcling riciges Iirr'
nrillet and sorghLun procluction resLrltccl in
plots of lancl rvl-ricl-r re(llrirecl lcss rvcc'clins

than tl-rose preparecl using tl-rc traclitional
harrcl hoe tecl-rniques (Oltrkosi :-rncl

Ogungbile, 1991*). I-[e ltbove turc> exa;rlples
illtrstrzrte tl-re inaclr.isability of' attcnrptir-rg tcr

generalise'uvhen 2Issessing tl-re irnpact r>1'

anirnal pou/er on crop vie lcls. Re.sp()nses

will vaty clepencling on s<>il ty'pc, crop rtncl

rainfall pattern.

'l'ransport - crop buruesti ng cutcl ntctrkc,ttrt,q

Carts, zrltl-rough rrore t:xpensir.e thlrn il

plotrgh, c2rn be used mr-rst ol'tl-rc ye:rr lr>r' u

range of activities. wl-rich c:ln be incor-r-rc

generzlting. Aninral transport c2rn reclr-rcc

post-harest losses from pests byr 2llorvrng
timely removzrl of crops from tl-rc fielcls ( scc
Anderson and Dennis, 1994), Farmers with
a cart seem to nrake better Llse of' crop resi-
dues than tlrose farmers that do not llave
access to a czrrt and are better able to utztr-

ket their goods. Ser.,eral studies have shr>u,rr

that farmers witl-r ^ cart can get ^ higl-rer

price for their goods, since they can sell
direct to markets and avoid l-raving to sell
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tt> rr nriclcllcn}lrn' r,isitit-tg thc Village (c g.

Sci-re nllltlln. 1986 ) [ral'l]lCrS u'ith '.r ctt't lti's<r

Iir-rcl it cltsie r tc> l]'l()ve lllllnLlre or ptlrclllt'secl

lcrtiiiscl l-c> tl-rc I'ielcl to lltloste r soil le ltilitl'.
( rrcatt.e l' Llsc of Icrtiliscr and lll2ltlltre hats lrccn

rercr>rclccl ()n ['ltrtrls rvl-ricl-r Own tIn ltt-ttt-ttltl
(--lrrt ( Schernlllltll. 1980. Ancle rson :tncl I)cn-

r-us. 199 I),

Sirnilztr itencf its havc becn t>tlscru'ecl ()n lI

st]lttller Sc2tle in scmi-zrrid lrrcas rvhet'e l:.trtlr-

ctrs ()\ ,,I1 a clon kcy ancl it is ttsccl to c Ll rlY

tl)2luLll'c ()I le rtiliscr Lo Ihc l'iclcl, to tztkc rCSi-

cir-t cs I'rct tn it 2t n Cl C2l rrv C rops t r > llllt rke t.

rvl-ieLl-rer ()r n()t these anitnztls 21I'c lllso ttsccl

in iatncl prcpal':-ttion.

Changing needs of draught an:i-

rnal power farmers
'['l-rc u,ot'lcl Ix)Ptllation is prcdicted tcl in-

crLr:.tsc l'rtttn 5.'t [lillion tr> allor-tl 10 llillion
u,'ithit-t :t lcrv clecaclcs. litrgely in der''eloping

c()untrics. 
.l o lcecl tl-ris aclclitional poptrla-

ti<>n. l"nore lar-rcl rvill nec'd to be devcltecl tcl

crops, rcclltcing t[-rc lar-rd availallle fclr pas-

[r-r r-c ;rncl f'ocldcr' ( SansoLlcy . 7995) ]'his

shottlcl tncztn tltlrt lllore crop resiclttes ancl

2Igr()-inclttstri:tl lry-proclLlcts u'ill tlccc)lllc

lr\/2Iiluble f-or l-c'cding livcstock. Irarutet's

keeping livestock in thesc crl'opping systettts.

rvhcre grazrrlg lar-rcl is decrcasing, will hltve

to rc-e\r..lluate thcir Ibcding strategies ancl

llay have t9 aclopt cliffcrent fecding sys-

tcn-rs. In Alrica nunrbers of sntall rtttninztnts

hirr,e tcttclecl to incrcase 2ts ;-I pr()p()rtion ol'

tlre lir,,cstoc-k c>n t'artrls 2ts f zrntl size and grl7.-

ing ill'ctls have clcclinccl. '['his is except in

thosc LIre2IS rvhcrc clrzllrgl-rt aninlztl por'r'er is

LtsCCl f'or croppir-rg ancl tr'.rnsport ( LeeLlw ancl

Re), , 1995) trir>t'cx2tmplc (roe /1991 ) fotrncl

rhat in the sclttthern porticln ol'the sctrli-aricl

Zonc ancl in mrlst of'tl-re sub-httnlid zone o[

Scnegztl altl-rougtr poptrlatiot-t pressLlre is in-

crcasing, work oxen still clonrinate tl-re live-

stoc-k e uterprisc ol' tnixecl f-'.trtllers' In arc2ls

rn,hcrc clratrgl-rt anirnal p()wel' hurs tlcen 2t

t'clrtltrc ol nrixecl f-arnring entcrpri'ses the

strategics to ()vercolne tl-rc redttcecl qLlan-

titv ztncl qtrality <>t grazlng land have llecn

to tnctvc tO t-t-totorisecl powel-, Or to moclify

anitral httsbanclrY Practices.

In parts <tl' Sotttlr Asilt t hrrt llrtt't' lrigh l)( )l)r'l-

lati<tr-r prcs.sll'cS lrtrcl ltt'c llrt'ttlecl itrtet-t.:ir t'lr'.

(e .g. itr Victtt:,tlll. '['ltlrilrrrlcl. \lltlrtt'sirt ) tltt'

recittctit>n in gl'ilzir-rg llrtlcl ltas lll(':tnl irl l)I:llly

OI'thC riCe gr<lu,ill,q ltl'C1I.s lt c'hlrng(' ()\'('l- l'r't Ilr

btrf'l'alrt to t-t-ttlt<lt'isccl p( )\\'cl'. in tirc li )l'l)) r il

trnro-rvltcc'lcd P( )\\'cl' tillct's lttlcl srrta ll t t';tt'

t()rs. IIO\\/e\/er ()1 S11'tltl1 Iltlrrrs rli ic,s.s lirlrrl 3

l-ra it is trr-rlikcll' thlrt tlt'ltugirt ltnit-ttltl 1lt )\\'cl'

rvill Clisal)pe2rr lr.\ it ('ttll ('()l))lX't(' ('('ottottti-

cally, u'ith llctr<>l-clrir ct-t tt'ltc't( )l'.s l.trlclcr t llt'st'

conclitior-rs lt<>th it-r ,,\sirt ((.lrrrlllllcll. l()()3 I

luncl All'iclr (Panirr. 1995) ()n l'ltt'tt'ts u'llt't'e

mc>Lrtrisccl p()\\'cl' is tlr>t l'clrsilllc l))l.lllv llt t'ttt-

crs ltl'e lll(>clilf ir-rg thcit'hercl stt'ttcttlrc -l'ltt'

LISC t>f 'tt-tttltiptlrp()sC' ltnitrtlrls l'ot' rt'orli. i cr

tl-rc Ctait-\, (-()\\rs lttlcl llc'c1' ;ttritttlrls. l'('ll)( )\'c\

thC nccCl trt kCCp u'rlrk ()xcll ltircl hcllc't' \.i\ Lr:'

()11 Ie cCl rC(lLIlrCt-ttelt-tts. 
'tr'llrs l,\ :tll lll( l'(-;t*

ing11, ('()llllll()l) .srgiri 9ll Clt'lttrgill ltt-ttttt;tl

I-urnls. n()t irrst irl r\.silt. llttt lrls<, irl \irit:r
r,vhcrer grazing luncl is clcclir-rir-rg li'ot'c\-
altplC SLtrveyS tly Seve rltl tlctrtilcr (-()LII-)tl'lt"\

<tl'thc Anitlrltl -l'rlrctirltr Nctn'ork l'r>r Lltste i't'l

anc] Sr>ttthe rrl Atric:-t (A l'NIISA ) hltvt-: sllou't-l

zt SteaClf it-rCrc2tSc ir-r ti-rc t lsc' <>1- t't)\\'\ lr>l' u-ol'i<

in tlrany afc2Is With tl-rc crt'cptit-rtl rll-illltcc's

urhcrc it is cr-rltttrltllt' tlll2tc't.'clltltlllt' tt i Ll'\('

C()wS l'ttt' tvt>rl<, rlt- c:,tttle f ot' t'tttl:.tt. thc'rr tltt'

tnoclern clrztttgl-rt t'tt tl-tinltt'tt is Ll5Lllrllv il( )\\

trtrly rlulti-PLlrp()sc, proviclin.q ll-Iilk. ;rncj oi'

trltitn:.ttclV ll)cllt in ltclcltti<>n l<> u ot'i< rtllti oi

C()Llrse ll-l:,tI-Itlre as I'e rtilise r clr l.trcl. In lllltnv

ser-t-ti-zrricl pttrts rl['thc u'<>rlcl. irl Al'r'it'rl irl

partiCtrlar. incrclrsir-rg prcSSLll'(l ()r) I't't't I I'L'-

S()Lll'CcS ZrnCl lt .Stl(l('CSSiot-t <11' c-lf)' )'C:'ti's ll;t\ ('

SCCn l"atrtt-tct's surttc hir-rg tt't ltlt t';ttt it' Io tlr lt t
keys t() pr()viclc p()\\,'cl'itr c:r<)1) procltlt tion.

beczlttse clctnkcys h:tt'c-' ;r l-righcl' sLll-\ 1\ ;tl i'.ttt'

in clrougtrts 2rncl are Chc2tpcr Lo t-trltitrtaiti th,tn

cattlc.

'l'hrottghr>ttt tl-re u,orlcl. irl 2trclls rt'ltct-e ti-rc

prevalencc r>1- :.rnitrlltl cliscascs. plrrtic'trlltrly

trypan()Sonli;rsiS. h'.ts rcstrictccl ;trlittral kec[)-

ing, traclitic>n:rl prac'tic-e .s gl' c'r9p c ttltir rtti.tl
hztvC LISCd tnzrnttltl 1)()\\'Cl'. Irr i-ll'tl2tS u'iict'e

changes in veget:,ttion dttc' tri p()pLlllttit>rr

pressLlre h:lvc rcclLlcccl tlrc inciclcncc o1' clis-

ease veCtOrS. the c-hltnccs t,,f aninlals c':-ttch-

ing scttne of'tl-re enclet-rlic cattlc etttcl crlttinc

CtiSeztSeS h:-t.,'e CleCreltsccl ztnd tts '.t rcSttlt lll()fc
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lrr rnrcr-.s ru'c pl'cplrrccl to risl< kecping rn,r>r'k-

ing lrninlals lc>r'trrursport lrnd crop prc>cltrc-
tir>r-r. 'l'he (,arrrltia 25 Vcat's llqo hucl vir-ttr-
rtlly n() clrarrgl-rt rrninrlrls, lttrt no\\, clrlrrrght
;tr-tir-nirl pou,e r is rviclc.spre acl ( Strnltrcrg urnd
( iil[>crt. 1992). Sirtrilarly,, in othe r ure a.s.

bette r cliserasc trncl l,cctc>t' c'<>r-rtr-ctl ltlrr,,c nre ant
th:tt ltnirrurl prtu,cr is rtr>\\. lr\.:tilaltlc tr> nlore
pc()l)lc in .snlrrllholcler agnclrltrrre.

As nrot'c n'tergir-rrrl lancl is brotrght into c-rrlti-
vlrti()n. tc> nlect tl-rc incrca.sing clcnlancls f or'
f oc>cl. thcn sr>il ancl rvlrtcr c()nscn,rrtiorr be-
c()nre llore ncccss aty . N{any furnlers are
beconrir-rg incre2rsingly cc>nscious of- the neccl
to nrair-rtain soil fertility ancl 2r\\/ure ()f [hc-
clunrlrgc that erosior-r c2rn cuusc. Engine:ers
Irncl soil scientists ..u'e \\,()l'king tr>gethc-r rvitl-r
llrrnrer.s in thc' clcvclc)pnlcnt of in-rplernlents
ancl tillzrge tec:hniclues thart can hclp to cc>n-

sclvc soil and \\,:ite l', particularly in rnarginal
arcas. Sonte ol'the practices rec()nlnended
lor conser-r,atir>n tillzrge increase the clernand
f c>r both labour rrncl zrnirnal power (Ellis-lones
and Mtrdhzrra. 1998). This has inrplications
ir-r thc selcctior-r of- zrninral.s I'or urrtrk. zrncl

alsr> ()n the rrcccpt;rbility of conservatior-r
nlcthods lry I'ar-nrers witl-r no opportunities
to choose large zrnintals for work.

Irarnrers are har,.ing to rnodify their anirnal
hr-rsbancly practices in tl-re tnore intensively
I:rrnrecl and densely popLrlated areas of Asia
runcl Afl'ica. In tl-rese areas zrninrals are tencl-
ing to bc tethered or kraaled for longer. both
Ic>r securiry and cllre to thc reduction in zrvail-
atrlc grazing land. 1'hey are often f,ecl on
storccl crop rersiclucs, collected fresh forage
dr purchasecl frtods. 'fherefore lnore time is
spcnt collecting and carrying I'ood for the
anintzrls in the year than previotrsly in these
farrning systems. Clreater reliance on crop
residr-res ancl purchasecl high qr-rality feeds,
for those that c2ln afford them, and greater
pressLrre on contntunally owned grazing re-
soLlrces have frecluently been reported as

systems becorne more intensive. Often
greuter reliance is also then placed on lo-
cally reared stock rather than those brotrght
in frr>r\ grdzing systems.

A strfficiency o| grazrng lanci in the past has
generally meant that drar_rght anirnals have

l-rccr-r Ie'[i tr> Ir>r-lrgc ()n rlul,q.-'llr ncls. I)irrtit'rr-
lltrll' c>trt <tl-scrrs()n. llr-icl .supe r-r i.si()lt (>l l-ct.rl-
ing has bccn rtrinintul. 'l'hc g,l'c:rl<.:r' c'ont rol
tl-rat cut-lrncl-r-rrrr-r, nre t Ilr >cl.s <>i' lcccling ('lul
bring, c2ut irtr.,olvc tl-rc I'lrrrner'.s in nt()l'L,clc-
cision-ntztking. '[-hc:r' clrn il' thcv s'islr clc-

cicle ()n tl-re trntorrnt lrncl t\'1)c, c>l'lccrl tlrlrt
ertch class ()l- livcstr>ck u'ili l'c('cl\.c ul .ut\
scltson.'fhc' f'rrrnrer'.s ncccls srrf'l'it'icrrt rr-rl or'-

r-r-t;rtion on thc otrtc()nlcs c>l' this',strrrtt'grt.'
Ieccling tr> nrakc bcst Lrse <;l' tlic l'lrnrr lcccl
rcs()Llrces.'l'lterc i.s r-rrtu' c()nsiclcrlrltlc clullr
zlvi.rilaltle ()n thc ncccls uncl ('()nsc(lLlen('cs
of' feeding on thc perlornlrlncc ol- rlrauglit
anirnals [o cnablc 1:rrnrcrs t<> nraclc inl<>r-rnr.cl

dccisions r,l'hcn nr2rn:-rgir-rg tlrcsr: lrr-rirrrrris

J'his infirrntution c:-rn ltc trscrl lr) lor.lrl .rri
vise rs tr> procltrce lircrr.sccl r-cr r)nlnrcncllrtrons
on nltrnagerttcnt str':"rtegrcts i<tr i<>cl2r\-'.\ llllt-
rn:rls trsed for r,r,,r>rk.

Manragement of working animals
.l'he nlanagenrent o1' drzu-rgl-rt ;rninral.s shoulcl
inclr-rcle cff icient rlrzrnzrge nle nt ol- tl-rc pr)\\,'cr'
itsclf, l>otl-r u,hcn it is re(lllircd in scusonrrl
tasks zrnd ovcr tlrc rest of- the vclu' s() tirrrt
the res()rlrce is not u,,aste cl. \ rrnrltcr' ol' clrrvs

u.orked depends ()n cr()pping pattcr-n.s. rrnl-
ntal availability zrnd lancl o\\,nership. fior
exanlple in IlJar,,ur w,ork periocis for clratrght
cattle variecl widely fror-r-r 10 to 110 dzr\rs pcr-
year even in one village ( Kornzrruclin-Nla slur.i
et al.. 1993) $7hilc in 1'artz.tnia Lrsc cun
vaty fronr 60 to 180 days per ),,clu'. n,ithin rr

relzrtively snrzrll 2rrca ( Mgaya ct al .. l9g,t ),
ancl owner"ship ol'zr cart c--2rn nrcrrn a I'urther
increase in Llse . In .soLrthern Ncpai ancl thcr
plains in India, it is not Llnc-onlm()n for f zrrn.)-

ers to make Llse of their ox-carts f or trzrvel
and transport on alnrost cvery/ ,lry r>f- ther
year, when the aninrals are nr>t recluirccl for
fleld tasks, and roads renlain pussable. Lend-
ing and borrowing and conl.runul Llse .|
animzr.ls to ensure tasks are cor-ilpleted zit

tl-re rigl-rt tirne are practices tl-rat hzrve becn
adopted by farmers to nrake the nrost of tl're:
animal power they har.,e in atn area,

Management of working aninral.s c]oes not
jtrst depend on the reqr-rirements for lvr>rk.
but also on the other outputs that are ex-
pected in addition to work. In areas u.hcrc
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rc'ligion pre\.ents the use t>f' corvs for rvc>rk

()r'the reuring of'cattle for tncltt. drattght
;.rtltttrals are t>n11' expccted to provicle ll'l2l-

nrlrc in aclclitir>rl tr> u,ctrk. l'he tlrirlc ani-
nluls in Llse hztvc gcncr:tlly'rcachec-l tttlttt-t-
rity. (.ornparecl to othe r proclttctir,''e otttpttts
Ir'onr cattle, a 't50 kg ox doing a day"s u'ork
ol' 5-6 h re(lLlircs 2ln encrgy it-ttztke eqLtiva-

lcnt to tl-rat necclecl to procluce about 0.75

kg live weight gain or altout 5-6 I of rtrilk.
N'Iar-utgement is easier Ior tl-rese clratrght ztni-

nr;rl.s sincc tlrc l-ltnlters or-rly neccl to c()tt-

siclcr- the v',c>rk lo:lcl ancl livc r,veigl-rt of tlrcir
lrr-rirlral.s. 

-['hc 
s2une anitnztls arc ofte tr kcpt

l>y ctnc [artrtet' I'or tl-t2tn),' )rcars.

In zuclls rvhere rttezrt nutrkcts 2tre good, sonle
f zrrnrc'r's regLrlarly rcplacc tl-reir urorking ani-
trrals every/ 3-5 ),ezrrs. 'l'hey btry in yortng
rrnirrrals Lrt 3-,1 vcars of agc, train ztncl rvork
thcnr trntil thc1. rlrc B-9 years olcl and sell

tl-rcnr I'or nteztt. Irr>t' zlpproxirtrzttely tl-re price
of-one S-ycar-olcl steer. farntet's czllt btrv [rvo

)/Oung urnirnals trgain. F:-lt'r-tters 2lre prcpzlrccl

t() 2rcce pt tt rcclrtcccl w'ot'l< ctt-ttpttt frotn tl-rc

ne\\/ anirnlrls for 1-2 ve'ars as tl-rey gain ex-
pcricrrcc Sonrc f zrrnler-s cven sell af ter onlv
7-2 vetrrs of 

"vork. 
J'his sy'ste m ol' trlaint:rin-

ing u,orl<ing zrrrintztls c2ln l>c f ouncl tl-rrougl-r-

orrt Asia. Africa ancl l-atin Atnericzr urhere
rclirrblc nrarkcts fc>r' nrcztt cxist. It is lte cr>t-t-t-

ing :.tr-r incre2tsir-rg11' poplllar rt,zty of tnanag-
ing u,<trk rtrrninlrnts.

l)inrinishing lancl resoLrrccs t.o rnztintltin :tni-
nrzrl.s llas lecl t() 2In inc'rease in the Llse ol'
1e nrzrle zrnirnzrls lor u.ork. Managelnent stral"-

cgics bccorne nr()rc cotnplex u.hen a fanrte r
u,ished to lrse his cows ( or nrare.s) for r,vork

zrncl expects thcnl also to prodtrce an c>l f -

spnng. Supplerttcntztry fecding is necessary

to zn,oicl r.vcight loss and cnsure good bocl1,

cr>nclition bel'orc partllrition so tl-rat earl1,

rctu rn to oestnrs is possible ( Pe arson el
ctl .,7999), 'l'he ainr shoulcl lte to fe ed to
nraintzrin livc wcight, btrt this is not alrt,ays
possible, rvhcn requirentents for pregnancy
ancl lactation Lrs urell as for u.ork har.,e to be

ntct, Lirre urcight loss in rnrorking fernale
czrttlc irnd buffzrlr) can leacl to reclrtced o\/a-
rian activily uncl longer calrring intcryzrls (e.g.

Winrrgroho uncl Si[urnc)r:1n9, 7989: Zcrbini

et al.. 199il. I I()\\,cvcl'. in s()n)e c()untrics.
l>rcecl cliffcr-cnccs ir-r thc etl'fcct,s r>l' trtttritir>nrrl

stress on ()\/rrrian lrctivitl, Itltt'c ltct't-t r>lt-

sctr.,ecl. tlali cltttlc rrl)pcrtrt,'cl n)()l'(' .sLltsitir c

thatr tl-rc Mitclru':.I, ( )ngolc ltncl l3r-lrhrtlrut ('l'( ),\\

cattle in lnclt>nesi:t (Wijt>n<t el rtl., l()()3)
'l'otal rrtilk vicld clttr alsr> clcct'clt.se ()n \\ , rt'ii-

ing days ( Vlatthcrr,nur n ct ctl ., 1 99J: :\cc

Pe arson et ctl., 7999) Irutrttters l'c('ogltisir-rg

they cztnnot fcecl .srrfllcicnt nutl'icnts [r> tttrtit't-

tain co\\/ live u'cight c>l'tcn ('()r-nl)r'()ntist'
'l'hey ttcccpt tl-rc1' lu'c ttnlil<clt' t<l trtrtit"ttrtit-t
procluc-tion ( n-till< v iclcl ltncl c'ltlt'ir-rg rnlct-r rtl )

il' tl-rcy ulso Ltsc t hcir c'< )\\'s l< >t rt'orli.

Future ateas of fes earch

I;eerling ortrl ener,g-1, e.\'pettrlit tt t'c

Altl-rotrgl-r consiclerablc rc.scrtt'ch cl'firrt hus

been put intc; estaltli.shillg a Icccling svstcttt

f'or clratrght rtttnit-trtttts ( see Lltu'r'cnc(' ltnrl
I)ear.s()n,1999) sr>t-t-tc gups l'clll2tit-t uncl vcri-
I'iczrtion o1- tl-re S)r.stcr-t-r is ncc'clc:cl [rxpcr i-
rnents shotrlcl bc clcvisccl to nlcrl.surc clirectlr
the cf-ficicncl, ol' trtilis:"ttir>t-t of' NIH 1.or u'r>r'l<

Otl"rer experilnent.s ztncl cllttu c-olicclir >r-i lr-)

tl-rc ficlcl are nccclccl to tcst [1rc fccclirig ..]'s-

te rn on 2ls compl'cltcr-tsivc lt se lcclror-t oI

zrninlatls Lts possil-rlc uncl lir-rcl u'hcti'tcr llrc
sy.stcr-r-r is zr goocl pr-cclict<>r' of' uninlrl pcr-l'or'-

1l-r2rnce ancl rc(lrrir-crlcr-rts ()\'cr shor"t ( 2 3

n'ceks) ancl long ( 1 )/cztr) 1;criocls.

Draugbl cc,tttts

Ite sczrrch h:rs shou'n tltut clair-r' ('()\\'s cun irc
rusccl fr>r u,ork, br-rt tilzrt redtrctions in nrilli
production ltncl c()nccptic>n rlrte lll:lY rt'srrlt.
pirrticr-rlarly if f'ood intukc is ir"rsr rificrt'nt tr r

rnzrintuin livc rve ight. Not sr-rrprisingir , tlici
hzrs tl-rc greettest c'1-1cc[ r>n ltocll' u'ei.qht trncl

bodt, conditiorr, n-rill< procllrc-tron uncl l'cpr'()-

clr-rcti<>n of'drriry c()\\rs, u,ltcthcr u,r>r'king or'

not. Increztsccl intakc rrncl uppurcnt tligcst-
ibility ol' rortghagc cliet.s b1, u,<>r'king ('()\\'s

to tneet encl'g)' l'c(lr.r irenre nts nt2ry r-ro[ ]rc
sufhcient to countcr-zrct rvcigl-rt losscs on p(x)1.

diets. In tenns ol' unclcrstztr-rcling tl-re pl'()-
dr-rction charltctcristic-s of' w'orking ('( )\\'.s,

there is zt ncccl to (p-r:rnti{y' thc energ} p2u-ti-

tion to thc' clil-f crcnt Ir.rnctior-ts r>l'u'r>r'l<. l:rc'-

tzttion itncl r-e proclrrction. 'l'ht-' nrecrhar-risnts
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lr)' u.'ltich ltocll, l'escryc.\ ci>nt ribr-rtc t<t t[e
cnc'rgy L'xpe nclitrrrc c>l'rvorking c()ws rlre nc>t

cle:-rr. Irtrtr-rre rcsearch priorities shoulcl aim
tc> clcfine rtrininral nr-rtrient requirentents for
pregnzrr-rt ancl/or lactating working cor.r,s to

.l'he rclationship bctu'ccn urork. nrilk pr()-
clrrction and r cproducti<;n rcclr-rires aclditionzrl
rcse;.rrch. w,itlt lrttcntion bcing given [r> dc-
tcrnrining ltreecl clil'fercnces, so tl-rat appro-
priatc: aninral.s c;ln lte iclc'ntif ic'd tr> nreet nlilk,/
repr'()clr-rction rc(lLlirenrents in clillerent re-
gior-rs. u,hile srrltplying draught powel- at

cnrcial tir-r-rc's of-thc Iarr-ning calenclzrr. Vork
incrczlscs cncrgy rcquirernlenLs of co\l/s ancl

rrr-rtrie nt intake nee'cls tr> increutse tr> nleet
thcse recltrircrnents if working cows are to
be kept sLlccesslully. 'l'heref ore researcl-r

ne:ccls ;tlso to f'r>cr-r.s on clevelopnrent tech-
nolr>gies for ensuring adeqtrate feecl on Iarm,
wl-rich rn,otrlcl include the evaluation of lo-
czrlly al,zrilaltlc ,sollrces of sr-rpplen-rents. In
each loczltion tl-ris reseurch sl-roulcl be con-
clr-rcted witl-r u consiclcrzrtion ol' the r,vhole
frrrnr. and those r>ther f irctors wl-riclr rr-right

:tlso influence ucloption of tl-re w,orking fe-

-11,',",::::l''' 
*'hether it be a btrrralo' a cow

I{ercl productivity sinrulated over a period
c>f- 10 ye ars indiczrted tl-re greater returns to
investnrent in aclecluately fed working dairy
c()\a/s conrparecl to non-working cows or to
tl-rc traditional systenr. T'his was rnainly the
resLllt ol tl-re l-righer value of the work out-
ptrt. in spite of the higl-rer leed costs and
ielatively lo'*,er off-take of nrilk and calves
(Shapiro et ctl., 799t+)), Farnters' access tc-r

sr-ritable feeds and veterinary/ services should
be exanrined. Farmers in peri-ttrban areas

that are characterised by scarcity of land
cotrld find drar-rght cow technology most
;-rttrzrctive, given a profitable market for milk
and calves and adequate srtpplies of feeds.

Disease ctncl utork

Investigations ol- a limited number of dis-
eases have shown that they can markedly
redr:ce the work capacity of dratrght cattle,
witl-rin a short tirne of the animals becom-
ing infected. \Work can also reduce tl-re

tlypanotolcritnce <tl" N'1)rrrtlr clttlc'l'ltt,
nrechunisrns lr)' r,u,hich thesc c'l-lccts ( )l)cr'

ate , both the c'f-fects ol clisclr.se on u'orli rrncl

tl-re effects of'work on thc inrurunc l'esp()lt.\c.s

to a clisease challengc. renrrlin to ltc cstrrlt-
lisl-red. 'l'he recent c<>ntrollccl strrclics (c g
Clenrence , 1997 ) sugge st this is u'r>r'thu'lrilc.
bttt is not an c'2ls)'tatsk 'l'hc vtrrilrtior-r in
wc>r'k perf'onllancc ztncl irlrnrLlllc rcsp()n.scs

to inlcction in ir-rclir.,idtral ztninluls ('an lrc
considcrable, since nr2rnv I'actr)r-s (':-rn bc ir-r-

r..olved.

Not all clisctses nl2r)r hlrrrc:rs clrurnrutrc iul
effect on working aninl:rl.s :rs thc r-rovcl cltrrl-
lengc ol- N'l)arner crrttle u,ith 'l'. L'()ngolertst,
investigatcd l>y Clcr-rlcnce (1997). I'ie lcl stutl-
ies 2rre requirccl tr> clLl2lntil'\,thc intpec:t ol
other cliseases on work [o us.sist in tlrc clc-
velopr-nent of appropriate cost cllcctir.e c()n-
trol nleasrlre.s to ntaintain hezrlthl' rvor-king
animals which are zrble tr> r-rnclertzrlic thc
work requirecl of tl-rer-r-r. Sttrclies rrsing gc-
netically tinrilar grollps of cattlc r.rnclcl' ('()n

trollecl exercise concl it ir>ns 2rre appr()ltriutc
to an investigzrtion c>f'tl-re cl'f ects o1'rvork on
the immune rc-sponses [o varir>tr.s discuscs.

Irttroclu ctiort o/' arti nml pct uter

Because of the virttral clisappeur2lnce r>f-[ht

tsetse fly frorn nt2tny parts of Afl-ica, ful'lltt: l's
now havc tl-rc opportunity to Lrsc clrrrrgl-rt
animals in sittrations u,herc thc1. hzrr,,c r-rot

previously existccl. Irtrtr-rre' rcscarcl-r sl-rouli
focus on the measllres necess2rry to :rclapt
animal power tecl-rniques in thesc l'egl()n.s.

particularly to strb-hr-rrnid or even l-trnticl
tropical conditions and crops in Africa [)os-
sibilities inclucle tl-re derreloprncnt of inrple-
rnents and techniqlles l-or tl-re cultivzrtion r>1'

vegetables ancl y2uns ancl the Lrse of zrninurl
power in meclitrrn- ztncl large- sczrle plar-rta-
tion crops especially those strch as sllg2rr'
cane and oil palnt which procltrce by-procl-
r-rcts wl-rich c21n be usecl as animal feecl,

Modtfications in tillage pract-
ices to Promote so il and u)cuter
conseruation
In many areas due to pressLlre on land and
reductions in fallow period.s, fzrrrners arc
cultivating steeper hillsides, p()()rer soils :rnd
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lrrncl ir-r 2lrezrs ol'rnatrginal rainfall. Soil ztncl

rlrurtt:r c()nsel'r'urtion tcchniclLles are l>econl-
ing increzrsinglf irnportirnt uncler thcse con-
clitions ?ls nr()rt: ntarginztl crop lancls are
ltrotrght into Lrse. Investigations of the urost
suitaltle soil ztnd water c()nsenration prac-
tices to trsc rvithin specific lzrrrning systems
using clratrgl-rt unintaI porver are needecl.
I{c'conrnlenclations for difJercnt crops ancl

soil c-onclitions u,ill be increasingly neeclccl
irrto tl-rc f-utllre tl-rror-rgltrxrt the tropics. u'herc
rair-r is oltcn rrncertirin, unpreclictablc :rncl

hczrrl' urhcn it cloers occLll'.

Dissemination of information
Dcspitc thc u,ealtl-r ol'infbnnertion in all as-

pects of zrnirnal po\ver that is avutilable fron-r

scicntists ancl cxpericnccd clratrgl-rt aninral
1;rnners, therc .still rerlrains l gap betrvcen
tl-rc prodr-rcers ol'the irrfornrzrtion ancl tl-rc
LlScrs irl ll-Ianlr sitttzttions'tl'hcrc' atttittt:-tl en-
ergy is rrsed. In sr.rb-Sah;lran Africa for ex-
:rnlplc fanners rrrc zrsking for more aclvice
<>n the Lrse ol'ztninrerl p()wer, or-r hou, to makc
Llsc ol-clonkeys. inrplcmcnts ancl tillzrgc przrc-

tice s, l\,'hat fee cls arc al,ailable , how to lcecl.
hr>u. to prcr.cnt clisc'zrsc arncl injtrrl, 2r.s rvell
;r.s u,'hcrc to lttry or lton'ow the aninrals zrncl

inrplenre nts. In sonre c()Llntrics pcople are
also asking Ior inlor-u-tzttion on zrnimal-cll'2r\\/n

trzrnsport [<> cornplenrer-rt thc Llse' of anintal
cncrgy in crop prc>duction., ()r on thc u.se o['
clairl, c()ws Lo rcclllce thc costs r;f nraintain-
ing both cletirl, cows ;.rncl u,ork oxen. -l'he

chztllenge to those pcoplc invol",ecl in in-
I'orn-urtir>n clisscnlination is to link urith the
"pioviclers" t() prr>ducc inforrnation in zr f orrtr
in'u.hich it is ucccssil>le ancl r-rnclerstzrncl-

aitlc [o thosc anintzrl lfo\ /et' Llsel's rvho 2rre

asl.,ing for tl-rc infornration. Working ani-
nrals are ofie'n ill treated ancl o\/er-workecl
as 2r rcstrlt of ignor2lnce . [lducation ancl train-
ir-rg ir-r best przrctiscs offers ltenefits to the
aninrals ancl thcir ()\\,ners alike. Researcl-r

nr2t), provide s()llte alt.swers btrt unlcss tl-re

reslrlts are disse rninzrted tl-ren irnpact u,ill lte
nrininrztl. Dissenrinzrl-ion sholrlcl be the' goal
c>f'tl-rc next centrrrl, for clratrgl-rt zrnirnzrl pr>u,'el'

Conclusions
Despite tl-rcir incrc:.rsing zn,zrilabil it1,. tractr>rs

and two-nrl-rcelccl porvcr tillcr'.s clrn lrr: un-
sttitable' or unc'con<>nlic' for nrirnY flrnr)('r',\

On steep, inuccc.ssiblc or te l'r'rtcccl l-rillsiclcs

zrnd on nrixe cl f-rtrrlrs u,hcr-c I'lt rnr .sizc ltncl

scrlle of c-rop procluctic>r-r 2rre stnrtll, ltnir-nltl

power is of'te n il [-rettcr opt ior-r t htr r-r

tnotot'isecl powcr- to strpplen-rcr-rt rr-rlrr-rrurl

labotrr. 'I'his sittration is rrr'rlike l1' tr> chru'rg('

drzunrttically in thc' ne:.u' 1'rrttrrc ;tnd n'r>rl<-

ing ltninletls u,ill ('()lttint rc to bc Iotrncl ir-i

nlany ilrc2ls r>1- tllc u,'<>r'lcl u'cll ir-lto tlus ('('n
tur-y, tt,hclr I'atrnre l's u,sir-rg tltcrrr n'ill lrlrr e tr r

copc r,'v'ith c()nlpctitior-r l'r>l' thcir llrncl 1l'onr lr

grou'ing hr-rrtran poptrlutir>n rrncl incrclr.sir-rs

prcssure ()n natru-ztl re.s<)Llrccs. 
-l'his is lil<clv

to lcad to tltc crrltirrrrtior-r of' rtrorc ntrrrginal
land and 2I grc2lte r trsc ol- arnrnt;-rls lor rnrrl-

tiple purp()ses (c.g, u'r>r'k uncl nrilk r>r'u'orl<

ancl nteat) in orclc'r tr> r'cclrrcc'tlrc r-rrrnrlrcr-.s

of anirnals kcpt on tlrc iurnr
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Close encounters...

C'o rtt itt t t ecl .ft'ortt prryc 5 3

dr>wn to examine tl-re animal. The ptrpils
\ ,,erc beginning to dilate and the pulse was
nrnning low, I resortecl to immediate resLls-

citation calling or-rt for zr btrcket of wzrter. I

threw it. all or-r l-ris face, the recovery/ was (

slow ancl Llneventful' as prof. P.O. Cieorge
trsecl to say in olrr anasthesia class.

FIe regained l-ris feet and walked awzry as il-

nothing untor,vurcl l-urd happenecl, I ltr>arclccl

the next bus urith ;r su.<tllcn kncc zrncl un
even more injtrrccl priclc. Ilasl-rccl lllv lir.c-
stock zrssistant latcr inf-orrncd nle that it rvus
reglllar cntcrtair-rrlrcnt.'l'hc I >rrck ltclor-rgecl
to tl-re rnosqlte ne2lrlt1, rrncl it hircl er clistinct
dislike for per>ple in trouscrs I like to thinl<
of n-ryself as tl-rc local her"c> for the ncxt fcu,
days, I can't recall anybocly l'rzrvir-rg bcatccl
l-rim in a fair fight
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