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ABOU WARDA
 

ABOUT WARDA 

Aenal view of WARDA s main researchcenter and headquarters at Mbe. Cote divore. 

N. W 

Ihlit \\cqt Alir Ic Rice II u ct )) IIIlvI It t I.',,Ili)I I 

I\V.\l ).\ I a1l iItt rgin\ II lltLIIt I tCcI L iass ciali0n 
i I Ii I IltlCl t )hi It( It I'ht ] IL"c' II II,h tI 4,IdI 

iiiI tlltIitJlitiiii) tiX i lii h l l\t M tIIC it 1)Ithe C ,t 

\11 i 11 riojin. I uiriitt il l -]7 h\I I I t(itpiltries wit 

hct i ~i iitc i lII I NI)I ', 1-.\( ), Mid F( A, \V.\RI )\ 
11( %\IL)l iiis i)t I itILlilhier tit rie . I lie ASSoCiaioll 
is A iieIIi I tli te hi t Irk ofl 10 ilterni tioiinal 
Airitl ril r,1 art colliers sipportiled hv ItIldts 1ro0i1 
dwl l tIc (t AII.R. 
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V R I). 
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t ( i lii . I IIIt Ig IItIIhL CI 'tS, it hti1) t hiI i JIroVe 

th ' li\xelil ild (1d il I r liLi4 t i iit , iil'reas tlile 
o Lpr illit it's kr I ra l Cilil)I)ofl Ilit, aIL 'el IIanc C tilte 

irspeeh bth )rh(1 set-lritv. 

I Ile li adqIuareis of WAI A are in I'h0, ()Yte lIvoire. 
WARI).\ lliiintiis regiollal research sites ilear St. Louis 
in Senegal andi at Il11.\, Ihadan in Nigeria. 
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African IO)uvelopmnnt Bank 
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Canada ((11..\) 
Flirt ijie0i ooinic ( olniltunity 
Fralice 
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(Jtr111l' ( IH\/!(IZ) 

In ternIationaI I)U'ClopInt At Research Centre 
.p 

Korea 
Nigeria 
Rockefeller Foundation 
Sweden 
The Netherlands 
United Kingdom (O)A) 
United Nations l)evelopment Programme 
United States of America 
\Vorld Bank 



WARDA ANNUAL REPORT 1994 
ABOUT WARDA 

WARDA MEMBER COUNTRIES
 

'l 

MAURITANIA 

MALl 

SENEGAL- ---....-

-- -BURKINA FASO. 

GUINEA 

C6TED'IVOIRE GHANA 

GUINEA-
BISSAU LIBERIA 

GAMBIA SIERRA LEONE 

COUNCIL OF MINISTERS 
.Nlihl hfr I r ic'Itilf Research and Pr(ofessional 
a1l I cillic atiN al [Il.. )1 (( hai rillll), .\idlan, 

Republic: of ( (-)It,\()iwfr(.
 

.linitr for Rural I)c'V opll)l itLand ( ooperati\'es, 
( A()t(l)IH , ]f(t)lit lot lkill 

illiStt.r (f S(O flldarv ald Iligh I tlIuation 
antId SALentitic Icert 11,, , Bturkina Faso, (.)uIgl. oltIgOU, 

Mklliste'r fIOr S. itltili. lld lCt'llliCAf Research, 
Yaboundte, Reptllit of I( ali, rIoIon 

Nfinister of AgriCulture, N'i)jlinlI.a, Repuflic Of Chad 

NlilhiSter Of r..\ilulture, Itanjll , RC)t)Ul':iC of 
Ihet
(daIl)li 

, for 
of Agriculuru, A(cra, Rej)puhlic of (Ighania 
I he PNi (Secrela r \griculture, linistrv 

.SliniSter of Agriculture and \..nila Resources, 
('Onakrv, lIZ'lhlic Of ( fflint'a 

"' " 

J NIGER 

CHAD 

NIGERIA 
" 

CAMEROON
 

BENIN 

TOGO 

Minister of Rural )evelopment, lissau, Re)ublic 
of Guinea-Bissau 

Minister of ..\gricult tire, M[onrovia, Republic of liberia 

Minister of Agriculture, Bamako, Mali
 

Nfinister of Rural le),\elop)iflet, N(tolakcllott,
 
Islamic Repulblic o)f .lltlritllia
 

Minister of .\griiillureIn tl,.\nimal Resurces, 
Niamev, RefIl)UlliC (If Niger
 

Minister Of Ag..ricIllture tlld Nalural lResources,
 

Abuja, Feo _,rall Rjl) lic of Nigeria
 

Minister of Rural D)VelO)Lltnn and \Vater eZsources, 

)akar, Rep)ulic' Of Sene
 

Minister of Agricultoie, Natura.l Reso,rces andI
 

Forestry, [reetoswn, R el)bliC of Sie.rra leLone
 

Minister of Itural I)_,e,)l iCent, 1.o1e,
 

Re)ublic of Iogoo
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OVERVIEW 
I1kt' /,. .\hhU/h,,
 

I )o 1itl ~'5,&UII
f Ir&[ 

T IfitIilh dld lilll 'r of t' euw \..I ).A's first NIcldm-Irl l'lan, approve(d'et by' [AC in 1989, wis to Iav been 
I V.e ste) Imck aid tlhLt, what tile rIesch diVision has achieve!d ill 1994, against tle larger perspective of 
L les sincet IP)tt99. ihe cllillgetCs hilVC I)vLetn iiiinv id prolllud. 

NeL\\' \MCleIrs 1 the VARI ).\ SCiCtilit Icdnm 

, zIlt it ifit msllh ilr l IUs()tlrt'eS s\t HiltC tlt d( P i \ IlIl W )lilIsitle' ItcrL1tl Ine0V s, t Wa1s ilnitialted, llii toL ll 
tIll\ 10 ' iiul t itsl ,t. ti l ()l,ir e r ,citltilik ,trc,n tI1 hltl gros'ill to 21, 'itlhI I 1 i ' CesciitiSts, St'cll 
r"i ',rt IRV, ittiluh l h? \V.\! I.\ Illi clllil ritill centers, ()11L'Ip stdo t torill "ci tist, a lt\\()t ltetorill-lttl ils' iate 
ciiticlIt, rtriot't llill litlill W st .trii. It'll 1it0V tciiltists ()i tl \VAR ).-\ ill IQ994 alone. \.\kl,)..\ has nowl inally 

" Ittiii tl tilit riitil ili s ltt I[( ,otltlk"sillg IL' Ill(ist 111)(0 1i1it ritC-i)l()tltictil i Lollstlliill ill Itegioll. 

seiil resil l liti , htLen c till, WiC MIIs s() a itltlot t lr COI iitl 0n scieltist hlas ti,'ll (ta igilill t ne0V role'. 

S I)Lirinlg 10)4 I )1. \ tii \)\ e ies, le'tiie'orll cl(op)ilg svst allo ill th ,iliel Irrigll K Pr . liselIil'd Lri r i 
iesL',il 11lotl'e' ( 1 iitll i lstidiig litl rcversilig tl I)it C"SS" ()I Silili/a t antil ilkiliili/iltioll which t iltl tile 
sustiInIlilititl\ ( illsellivc' rite' I)rXd t0 ioll ill lit ihl. lIlt t llioi l I )r. W lereCiS It)rLtIls iti lilila t 
lri ltlig (l l rt irthi i.cllda il ilit ihcil to ilkict ' ,griti t'IlljIh isi oil res,,, liCe iiiiliiidi(,lelit isstlc",. 

.\Alitviit'il lhlatl i \u l"ll"( I! int pht ililing %\ill]ITFIAI/tVI I(), m)~ ll I1ii It'1 Illli P 'll()C t (0lilllitUn Cdt ill LiteL 1994)

\sht'n I r. I lili is Itistlitr, \'siciili ;intl htiillC rtst,rch ,l I) L'Ll ti (Irtlildi oi. Ih' Irlittii u1iliit Lir Ciit 

inllvitses i W n i ui1iiOf l iiit(iill ild iiite,,nilitonoil iliislt tioiin ill M illi, ( '6l tlv(oiit', ,intl Itil(lItC W rkiJig
 
togtlhti to it tlltt the i Iitl mcIlismtiiliis risks ,Mis stlith hl\ l riCC lttu lli
anl dsoi,i Liilttd low ioll. 

" I)r. \i lihul I)iingkli lidmhs 1 Slil l to iiiitiuili sersligioL'd IrIh ,l riin prigrill Iei'r )1the ( Irogrami. 
,ils() is siill itwithil the p grai, li. i wsoiking ird ACliievilig i lin)re toili)lIliitltil\'lltl iigoloiuS 
iiil ti ll (d t li lk t (oltsill the u'i, i iill illiteli li i lir tti'lll ip p IStts. 

()tir r;alpitl gro\th in sti'litili( tt'lltlh Aals rel)re lH lte st ccsstil ii i)It liliiill A \V.\II)\'S "0pIl ctetr" 
tU)lltt'41. \Wu ili/ I ui \lliclu whiili tiln t 1, l, llls\.\ )siAi).\ West tLeICr (it tC'llic' tilt lMt int acilililte tihe 
(t ()HILTr Alvalncd' rWearch instilitt" to help so islk' IMt)hleiiS IdLillg 1l't giol'ns IkC licelCis. ihiouightilte open1 
Le nter Oinstrctl, Ii\V lhtc ,t 'nlivit inied \V\I, ).\ in 1)94. SeCILclillet ' lthenv reseaLSr lnd I nI gollilig lor their 
sci'ltititactivitiCs wer' Itloiglltltillv negiiotialtl heveen \ARI )A and Mtr partners h CisHIr that the f ctis o tihe ne0V 
ICr'isea t hilt' its all inltegrl Ipado \\.h )As core reXsCilth iagti l. 
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') . .\liII .\ Io-uttIit I()iledtIi a,Il lant phys",iologist il attaiiMicilt froli(I,.\), thr lihasistancc of :rechll)tile 

go,,)Xu , It.n)I.I\tIchcrt ix AR .AI)re .dtlrs itd
II IllholiIrati IIg Cki.CiVWith \VI I OtItCI .r \IUI ).\ cieI Itixt, 0o[1tII, 
,trxc,L.uMix,I utlglit ,.NC L Wat,. , li, t, vill ipt to opc ilh M dII S.- r' ii atte tl,hlI:k Iox OIi lant rcliiiixcs to)
tIh, xt rCtC IIvicIC tiI\IlIugthc uuIdChrlviIg 1 It I IisIIxm k xviII hcl) \V.A. I ilaIt h rCcdC',I ,at pIaLv. lhi,s I 

dt'Cuhi i1c1v \ riCttC, I)Lttc., . Ilti\ ititll ill IiCi iiiiiiiiciit".
dakLiltcd to iMIitax' rHL 

" \\.\Rt i.\LAl, its-, clhult )Irii. with tlilt' I r. I ),iriv ( iic, x",Io coilles.hwii lint o t.illitrIitct i hitC t"ic, uril 

t(i lil I 1 ldtirixii till Ml ) l-'ct"Irxo ilI
) xISllr tlic l tc' ati'Ii,0 , litUite t x ',xxitlh 11ia, up urt )t t I. SIl)t.'veI cilt 

,
.\ttim illisxt ltioui i thu I iiit' d K idoii. IcuIi, iikitit 1 i IItd it', i lCt d it., x. ' toI Iar ttri ,th_ .,iC iIItti;01, 
iitlh'tati lli 11d Viit h,, tLau,, l h' ric iilC i.lliti xirk i,toIo Cx . Ilitg al 0t his (t", I01 ioW-c'Ot illtgrated 
m ll olc+I.iltr,-]w. ima ticc.
 

" I. . ii- \x iiu t lt'l,11iiI IIax tiipth, t 0Ii .1 rt ati)r otItiltl iiiluof \'atiic ( (I j,(xoititn. ..\ +(TI[)I)itlg, t rIIxs 
gi'ii ilit, x attwhIIIIuLt tIom ( 1,t\i tIiW Fr iI g( )V'1rr111cIt. IC ischiarlgdti S II ), with tilwiaic i xupluirt Ir[OI 


ixith OxC rl 
 IIpI1tl OIctxitixs (I eight ilitioiiui rw ci -i ,vstCuxxS ill \VL',xt Alrica ditd tivC ilittcTruatiiial rcxcarch 
ciitClr c]Li) in (sec hIx 24).ratigll lic cnorlitin ,page 

r jkC h iiid (I ill 1QQ4 ai.,

tI \W izla,ll I 


lr. 1i\'itCrI\iV i i iICd thcII(' V1,11 Ixo rlii[ igir)-ecologist and xSi, tItitic aiirii tor. ()In
attilo- lum li~t[mz Ihe: St~l iig ( 'CH1rt (\\Vt,.,tizlut.,lMIlWithn SlIlI1OIt tIII go\ _,rtmuc tof 'Ilhi.Nuthu.rand~s,
 

rxpii,) v) m lill i ill I',gioi itrl a C ll',' onI wile 
hll'rM hIAi/liti( Of izll v.S,. 
he i', l,,ihhti r ciixuriulFgii(ix, .iti()lll'lillalIolltiaricx iii 

illMid illI~t-fi,: ttioln ic\ilI 

I Wiixg datVx -xVar I .IhII ,crFllov, lippoilitilicult ill \\,\RII)X Sl i IiMi RIv IphI iiioVd toahil IPi,-i, Ir. 1I flias 

tilt. ( ( iti uzli l Pit ri h i., i lirt V iuC
'riuu , IClwhis ht \O\.\ARI )XS ni:iCv, O uO1iit. iCIii ICadLtr tor a pirojct heiiig 
c et ul.t,1)y.I)cxcIOpiiIit .\ltciiatixx Iicorlatct-o (I1SA), and xith xuplOrttriui thic .\IriiI )evelopmluent Iank, 
ih..i,cx, i~iiiiiiliig hutixxv 11C VOl lu it tIiliIija ti\,ad\ IlltagC 01 ri,, l(I u tioii ill xCxv \W'"t Af\iril utrtOIlltticS lliI,\ 
1W. i iI 1 t11VL ,.Sil tC, ih hIi,,gV iitd ')ilii. 

\.\I.I )\ iM) ilutrd(_iitit 1nxx ,atcgitrv If xi,titilik' xtatlirig ill1004 \xlilthi iiitiatiu l a dScitritiSti avxticitc 

I)rOgraili. I litl llotaiil tocixCx MI the rc riitiCtilt o 'Ctiii-Ih.,ii,,cr fromi
. dOf witin \Vest Afric arid VOting 

flrill i idC tht',rCioll.hOit ,ictiLAS icit ti, within O it ,, 

* 1)r. Ahdu:ivc Ad.i.\oo k tl'hix ri(\x' ixiginicit it,\\',\RI )Ahiounictrician ili 1 94, iIaxcd at our i ain research 
,:C_tUi. II,'LCmic to WARt).\ friom INRAN, thil national algricultural ruxcarch iuxtitute iinNiger, \hr,he lid sCrxcd 
aistatixt i ll '11idxcicitilio_ dirco t. 

* \VRD.\ g'IciIaxiiiICxchaiul(gc tivitc, xxic'rgreatlv trcngt hcud iu 1994 xith th recruituicriVt ofI )r. Robert 
(u1i,11, ri.thyciclUCtCi. (111(ci ix xl)iortilg rcgiouai trialx, iiidtitcttd Iv lrcdilg Task Force.c mciberS, throughI)L. 

muixrall iil,tcvl ii liatiii i , C ix)Oitihiill lixl)iltv(1 ntli and ;1t;!!<,-is
tiiiiitilliti il i)l II i ,,i iv of, trial It.ilts. 
tic.,i ,ixi xlvuwrkiiig t10 itrty itc'tcii ixk Fiircc ,icCtivitic anitvithioxcdciiU+c tle Lixcxt lixxi,,ih1C (0lC1 (cir iif
 
IN(h-Rili \Vxt .\ti(va.
 

*..\ iajuir itix isiiiiiv ,ap inl WARtI ).X ointiitnil prgrlMaii WZIvfilhlcd1004 with tile tf )r. Nick vxanil rccruitiiiclt 

(IC( iiN."+,, kitug ic arMid
x t INilpixt tirai lgviiiith . I lei,xr xithiu tilt'I ianti\'ilh ( oIuo'ti un iuseveral
 
cuintiillirii [rigill tcaill lrlit.x tot l'arattric'the wrv ciiih,.' hix'driiui, icai dvOaiiicx Ouf tiitllill
lii-C 
ti)i ixt+iucncc. llix, x,'rk ainix ifl guidillg, thic( t.cV t xx'ltcr-colltr'Iiimethods, to hclpp stahilize andhl),i.icit Of IOxy-i.i 
iilip iixu ilruii tiit'. ill xIi,.ya' btttim . 

Vith thix rapid grxtth ill xtatf imlbir, comes the challenge to iiiaulage the ricx, a way that will maintainlactivities ill 

the C+hicr(c ,Iid Itovx Of ur COr+ ruxcarch agenda. \Ve re conidenit that our sch]ction of'partners and jointly 
dtliritd c iil L. xxiilLirtitv rccarch thnis 
 ensurc that this iiidC,d Will he the case. Our confdecC was rUin forced 
through iiut 11)4 ax thi ncew\ sciertists took tip their assigiiii_,ts with a sense of uxcitemient and team spirit. 
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(Collaborationwith National Partners 

A major challengeu tacud by w I).\ when duvloping its .edinm-tl, luf Plan in I)() was to du\Vtol) a liu\' 
vision anid new mtre participiativC llUhnlliSnll's for Collahboratittn with national rusuaruh piragrals. (curtainlyone o1 
\VAIA).Vs ntl()St importanlt ahcliuvucmnlts durinlhg ti last like, ,ars has liu., to design and intlemnt tile lisk-Iorce 
apprtach to partnlership (vv Ittx on page S7). I xpCriullL lats dtllltlralutlhe utilit\' Of th ta'sk Forces: 

* 	 National St(iLuntitks vahtI thein Ipaticipttim in it'aining and ducision-naking, and lhtuv havt, alruad\V Citud
 
signifi(ant illi])o.x s ()1tthuir to porarl/.
 

* 	 l ie Rcpt Of \\.\lWll.\s' IXtcrlai Ir i \and\Lt niagCnlt tRu\i,\v, LOdtlithd il I')92/0,, praiu'isd liu sk Force 
illitialivi.-, ais LPrI,lir~wtiigq I ",,Omd t,,ciw ,ppi h" hur NAR'\IA..I4 ' LolklhOratiOll. 

0..\ jtiit lli.cting Of St'.\..\1R, (O)I\tF, a1d t S.\tt)-snpportcd nutwt'rks lidu in lIkljtl in April 1Q94 CxanliniUd six
 
ru'0ar Ii iit\\t rk,, in Attira sppttrtd by t IAt1). ItIle p u .dings f1thal nutiig " Vttjl/
cldoltsod" the W.,\AD 
task It rt,s , an '\,rmopI/t' / tilt' Sllttc'ss/ll a /litft till" Oftpast us,Ons Ilarnetd ill rugioih] uO]tpratioll. No Otlher 
nutkttVlk a\st t ()CdtL'td. 

* 	 lOis, Mh'tsall, in a iap)(r prusented at the Iturnational ( Onstltation (o til NARS Vision Of inturnational
 
.\griculttral RCusuarcht(l t.At, l0t1t, 12-14 Ilucenhur 1994), stals:
 

()v'/ lto'd t t ot t.Iti'ts it ttill/i'tothto I'ollt 't'i, I-tR( "s N.- lts hvc ,tt1l hll lt ' Itiollsiiip hlas Ilthi 

011OYSvl'/''/'l "I h1mi'vtl dc'spih' winc' With'/ shillhl,14c I/lil ~tlioll,; oil bi(lll side's, 1.ARC(.'s IJNl,\.-R,s s /h(ll't lhll/,,So , ill 

Ii/tilt o'\ itl/t/'
1)(Ilh 'r Il I( Ol l o t at i o l was t l i s hl ic / , I l. ' W\csl . 1/Jii~ a Rit c O c' v h o l) I I 0 t ..l ssO Li i t i r~l \ :.Ill:) , ) W'ith (I.k'r 1 11 , 
SOltl(' tI't, /tt ttlS'lt ton' p llsathul ttllt',tittott1 a itolh Ot tt'ftts/ basis. ( bit' strikiotl tt/"ot hi a 

mA',uitt .... t c olt ur t ptsmsiltN,tio'lnul ..Irit U/total /IS,',h'slll I/1n' I . .I .C tit' ' l 't ti'iMt' issth' tt l' tllliotI 
bI'lVC'0'! I.-IR( "I n, o ml llilit~h's ,.ld lil' It('('(/ to illCs Iltili i'l Iliotritic IbY o/ll'vil al Ill('( 1hlliml lo / t National 

' 
Rcsclt'l /I stlY to'lls 11) slhall pt lill. [plO.", II)MlllC(, Oil iiV,I('CiI issll;s. 

\Wt'arc gratilictd that the task I:tr.cs aru gaining this kind tt rccOgnition, btth within and Outsidu ttofAfrica. 

1I0 runllaill rultc, alit and ulftcttiu, ht\v'u'cr, the lask loriccu most he d\'allliCaild ruspn()llSiV(2 to 1hnlllgilg nlds anid 
tttpporttLiltiuc,.\ ic ( lrtJl)tltg SV\stlls Iask ((tu was hunluhcd during the vuilr, with thu partici)atioun (of 
agrt oltltlists Irtnl t I Iliationlal riC Rui.ar.h )rtglraslll'. The tisk IOr.u, is (tlOctsi g ()t tilu divursification Of Cultivation 
tintomgh Icgtulc- ,lsdill/prt)\'td talhttws and til iitrttdLLtion tt (tiler uOjps in pr- and ntst-rit(2 niuhus whiCh will 
ttntritiltu ',Oil lil rgu ,tii ttdlgali lilattur and interropt tl hil ild-op Ot riuu uOtS as SStuillS inltnsit'. 

. iaj tr ti toittal exelriment \\as latnhud in lt')4 with the dVttlttion O rust)nsihilit' It()r tchnolog)[ 
gunuratioll rsuar.lt htt th li nalitnal riC , \ith ruilarth aCtitiusl, duSignd ill IOsurus,'arlh j)Ftgra I Of SiTrHaI utIll. 
tLllstItati oll with illltullitrs 01 thu \ tg 'OCSwipI ) Riuu tasklF:tct, aind with tinancia UltOrt Irorn LISAII), til Rice 
IlUiarth Statilo in ROkupr, Sirra t.uon,, ttok thu baton Iitnl \V.ARt).\ to cintinnu a regional progran of varictal 
ilIi)I'()Vtttlt tttusd ttI thu_' tile i ilanI)t.' ulIiirtlIniunlt. Thu SCOI)taii qtitity Oi work conductud thisS,\'IlVj) t. 
Ve'al i , Vc'rV ul()lotiraging. 

I)e'elopmunt ofTechnologies 

( 1 ttwtth in stalling aid institutitnal innt'ation are Onl' nulans to an enid. The bottom linu for \VA.I),\ -lst be 
Whetlher wu are del ivring solid scientific results that incruase our knowtedge and get nuw technologies to national 
ruseurcucrs and arinlcrs. Over tile last live years wu have seen an ux l~ nential inprioveiet ()it this criterion alone. 
This suar's an nual ruport presents an ovurviuw oif our achiuvumunts ill 1994 and sets otit til_ diructions for work in 
I.995 aid theruaftur. TO place this work in perspective, we highlight just four areas in which significant, exciting gains 
have been mnade. 

http:rsuar.lt
http:VAIA).Vs
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, h hv \\..\RI.A NClUCHi11," apidl It '_,' t Im.It AIUh IV.CLd(F, ill tile dL 'hV1.10MIClt, MILI transfer 0I im' iu 
Vdarhtik."', 't( Il tla li darL'Wdir ) 1111d (u 'hi(-V1I( t))IIt qu 1 Iihi i-viddilng LtlAl Id r'C v rIlli~t,, %\ithlHILltilpdga i(2: sCV,\ 

'AtrVY, h dihrJl V', 1 1C lili .,d n ohI'll l,,,l Cit", h " - IiHI I st I'M it11Mid IV ,tSin ( '1C 
N i t'ti Ill I( it, i,SIiIIU,I l Iti,(Il d /hu L.:ttt l h(v lnd v ,Illd il'!rigAt.d it'itCSi c,111 , i rti.'I tctt' ( 'Il I illtld tcr 
an.' ill lh ilt-- lic li h )Ir rc I wt ir \Nige'riii, I .l km I_I)iII, !nII t v. d.'IV( )irIV: thrI.yCC,. hII hI UId iIq ' riC t iuLlW ithIISI,,tt ( I I. 
I1 l'r lt ll h I l k1', '('h I,,IllIAtcL' I ( d I.,ilI W . oIi IS (,I I I11 "irk l t \rit ) ;li't, h) in ll 11t i I)I iCd I() ( I 'l H "tNII t i I i lldI 

IUI'l, V',Ill SkrtI u lilIC, .Ni,I laIw, hiti; Mid t hrIIL, 'liglh-\ ,tahhlc, hll',( Blmt, ifi, d IhC' ( 1, iddill, Mid lll()u 

\V.\d I i . \ L'ti hL\II IVICA.' ll[ S hr, , IIL4h f il iklh \. Ig,II\1(),t IBR t io, l ', 1 '. \ 'h t I w tt'p.- u 

rt", l 1 l ir lt lt~l"., c l, h nlt r,IILT~ JI t{)I-,t."-, ioug' i I)\d\dit,C I lllt .A hve achevedW I dj ( h l \,ill 1),,i )WsciettsI 

trald ithn1,:tl .\I th litc,. iv.,,. 'llti tlc l l,Il~t III l tIll pt-l ( t)1111hlifig _' ttl,( u1111,I ( t, '( 1,.11i .ULt,,, \vJ thI (')I1\ 'ltiotll.t] 

h),IL k. rio,, q, , m , i Vidld I)OIhCltill ( with tileg i\c\ dc\ 001,uhd I 'wo I)lIIt t\ lIW', tHIMl( tmlllun ., the hig~h . Sithl'i 

ll11,1ltild,.C '.,ti,' , l.",h',t,1, Ctl( . ,J / 'l Id Ilh Ai L-\uv ldlthi ttltl\A n,,W \ \arl~it.- W"ill nIIL 't tile partin li . r li e IS ()f
 

tLMLIE.-) l~ ltl '" \ h() IW VC'Lfit) (M CI'l I)11t' IAh ld,,~ I)V Itl(RICI 11 11l~q it. ltlll lVU d £1.'. 

. . ~~~WARDA'i elrlscientitsSe havelachievedprgn 

a major breakthrough by
5 1developing new plant types 

through interspecific crosses 
'A between Oryza satvaand 

-ibetrma.The fertile progeny 
,r combine many of the most 

desirable characteristics of both ,.,.. , !spece, 

017,;A 

I"\cuIllit piOglss htd itit'll Illade tiw'itd characterizinig the Climatic Stecc's thai tiltttibue t() yield instability and 
limit Ii titli-oititig ili I Saltul. Piysiological siltiilitiotl rt11i0 ls, talc hVII i1dli0l2cd W\hich predict growtlh 
IurItioti, ILVCntag 0rI tlrilitv, Min \'iVid 1or ttio1V tIhat So)o1 tile it tl ittisiitg \'arieis in tile SAMhl. The 
tt0llI',, I)ro\'MC ,tilIuI)tMiiLMt iWittilk lilt iliVaAINIh lllilg ,llttiitt toti mic; m) itrctcers to tltlr.tnllld tile 

llh",])Ii qi'' h ',t", ()I l'it'o I)IlIIlt l'",' t o C('Xtl'ul'Ilt' tCI,. l-l] t'rItIllUs. 

Vcr ,utllial pncgtsi h,, l,,) l , 'un t o M(.,ntif\ lil' lllijor l),StS Mnd l);thog(tlS 0! riCe MtLd to LIurStand 
tiUeit Iiiitg\. SiUuitS (f gIuItii ritI, fIt hit, iicc ,Lh1MtItittic virus, dil l(Ciii I)OrciS haV, h)ccn identtlifed 
andlit; Ic a\ailhlIlc to liiinal ltogratitt. Thii, knoWtClIgce is i v cattinlg to tile LLTtit)tlMtlIre Of illtegrati2d pCst
contmlI,,icka,,,tl iti ititti/c titleu it dItrittidal,. 

Ill rcU\iC'\'ilg thi' VC',r itia rcltiit, '.c i titt\'off Shaic with Lis a sutlse of accOmlishrment for what has been 
du:hiv\'cd ill tile lidt icVV " ,ils huupe yon SlIc t ,lIliUtxCitcntnnt f' the work that is now llidel way and 
tmr confidu,.c_ ill tutirc directions and impati. 
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GENDER AND RELATIVE FARM EFFICIENCY:
 
ARE WOMEN LESS EFFICIENT THAN MEN IN RICE
 
FARMING IN COTE D'IVOIRE?
 

.\.. oudi,Ikin'i i ,h'Iu / Kottkot K. 1)jato 

Jlt )It11,itL'ot t in tle 
a.'gri,.lturrc' 01 ttcxtjiig c()t i' wid,I iurkina Faso. StudiCx ill Nigcria had Jiixed 
T ICIIiIIl O HICII IIlrrci coclticcit Of t'lh gCitld r 'Irial:,c wa', illiglifil t ill 

ktrix iKc'a and 
i-ctOgili/ctd. \\Orri(c IIrOxidc a ,irilii.ilt xharc Of rc.,ultS, with tile gCidTr variale Trot 'igiitialit whei thie 
tihe lahhr (Ii th 1aily a lId hirvd) h)r farm activ'itie s, data lfor total tahui ouItpulit at th, nOUxchold lecel waS 
ad thcV arc tofu 'I I rn l)rihulccr otOo t uixcd, hItt Wax igiliticantlV higher hor IiLtkI wlici tile total 
crop,. Stutio,' ha'c x-lilotx, that wOllll ilx,) play V.Iuc Of I roduIctiori at tile plot ICx.! waS ricl.
 

' 
IIIjlOI r'0olc ill tirIII-L'vcl lc x'kion-riakii.g, a Iamnl 
italagcr, rttauaginlg tihir Mt) tildit anti a, "'Itccti'c. ('iiticx ot thcc', xttdios htax'cI oinLtctl Out tH tli' rcliancC 
dccixmi-makcrs" cxw.tn l tx',h~l oil tullctioll mctoIlx(, tcxt toril xlio ill Which the i)rodlrctiOll to ilhOcathe 
hoixcholt il t ial'. ctihICI hCctaic Of their anid CconOIIIiC cticic-ncx xitlcrx llllli)01)101,Ofi 
xpccitic xkillx or whn thc iriulthintCitv OI'N IWxcilxC 

ill l MU cl Irlthtxltait, i a 'rc llt d llilg .. .cxclx"arc ;" ' tl lI, 1Sn 
. ., , ' ' :,-.:- .. ... . , :,, i:: , I.. <(..:d<,g C'nOIISI' d ('t'r i i lCd . 

CIrrph)IO ltllt ill il ii arc . ,, , : "' di" iitixvct"rri-d 

I )cx..itc their iiiiIOitLUR"t iixctl tile prOtit fillictioll 

LI to t t lr whether 
ltthlitiig co rxtrainrtxllll t " " ,iCHt 

i'oth lctixit., ariiig Out -, •1 i (2iiit.li 0' 
Iilnicd actcxS to c.\tcxnioll, tcrcnccx tit Wli lict 
to capital narkctx, anI tot(' .'S 'Oif.'-,•_-• ' t k ilnd WO111ilel filltlo C1XiSI1l~' tt'ChnIOh~giC". 

icwItch.......)gicx.\I [lit, i licl agriculture.
,'' • 
IV tile lackargLInIClt (ottlln ULxd lg illiht i. .. i , :-ITi liarly rcfcct litthck1'itaipri ll iitc, gciltdcrtCllcnal /trcr ix that tlhrtx 7. .; -t" -.. Thj, ,h,'..t 

, i,thill tlile\' "'"'f " " :- pp,\ropt'~ Il illIIUF k'fctn 

arc xxctficth ". . , \ ' diaggrcgatctd ficld(lata.• ( xii ' i in Xc, xt,+,w . . . / ' . c tth a t ric cfar i c, r . l.tlfi cicn c xha x i r t t, --- ' 

c) )llnl ulitttx: tct illical, WARDA studies ha e shown that women farmers are as efficient as their \trica ix (Oftci rctlerrctd to 
allocatiVc-, antI ccolioC male counterparts a x ian'x tro'
lchiiical ctticirncxI ca ic I)ccaiixc of tlilt ihlii)Ortaiicc 
cfintd ax tile ahilitx' to aclicc alhiglrcr Icxcl Of outli)ut, of woriin aS ]riliary' I)rriuCtrSai dcixdoii-iiiakcr oi 

gixcir a xiniilr IcxVl of irIOItlttilul illix.ll. catIhc, ihe rice fidS-it otcrx itxc, a, aill intcrcsting crop with 
cIticicnc(X' hax to ttO With tlie cxtc'lt to which tiric'rx which t(1 ,xaliiln tii tluicxtion. lh OhjcctiVc, ot or 
iakc ttficiciit lcc'ixiolix hV tUxrig inil)tx ip1)to te Itcxcil lt work, then, wxas to cxaniine whctlher fciialc ricc tariiers 

Which thcir niargirial cojitribIuthi to)irutictin xaluc ix art ')"' efficient than ialtIrice farmier ill (Ytc d'xoire, 
Ctll] to tti tt r tAO,xti.I.tInIuic ttlticicxCV CollliincS using the restricttd nornializcd profit ftunction nictIlod. 
icchIIIicll ailti alldociictti it'tditic''. lical and 
alluOcahti'C clticiciicx arc lOtxxm-, ainti Wcil thcxV (i'r 
nligcthicr, tite' arc xlltticict lloititioiix fur Aiicc'ilig )atil 
cuitolm)li cfticicntx. 

The gcnticr-dixaggrgated tLala ICd for the alalx'sis were 
XVhict ir nurei art i1uir ctHlct thIn w) iti ik collcctcd il 1993-1994 from i random sample of 347 
i)ax ioInatclV LChattll. At tuClix hIaxc' cx1Mintt l hiix nicn a l 63 woniien rice farcrs ill thircc districts of 
ixxuc in Africa, giICrallx with xarialrlt r'xultx. I xiilg northcrn (Y)tc, d'l'oirc. Thie dla co'crcti fertilizer 
('obb-Il )liglax hirOttluCtiul tutrctiolix Wilh ilin\' application, lihor usc (lamilv and hirect), acccss to 
variablcx to rcprexcit t lt xcx Ot ciicr the fild wilr Or extensionli antd crctlil, arm xizc, patddy)' prices, wages, 
tile hicaL uuftic hiouchliIL, cMrlicr tidicx fountd that tile lcrtilizcr prics, capital axcls, inlpult lsc, anid the farmer's 

http:illix.ll
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IAIwi I1. .\eragc characteristics of female and 
maII rice larmers in it aIple. (61e d'voirc, 1993. 

Men 
N=347 

Age (years) 41 
Years'of exll.rience inl rice farming 1s 

with extension1(ontact 

(perc t of tarin usl 98 
.\CctsS to crudit (lpccent of farntturs) 86 
Accessttat l 

Women 

N=63 


45 
I I 

91 
59 

,\Ccev,,Of l.datil)(1 21obtlilledl ) 
Iprcttairsto 2,) tolls Ila fo the laWIC Ilners. 'ItIls lolI VlltUls 

Citivatd ri.C area dha) 2.3 1.1 stow substant at intr-tarm varia)Itit ' siulds, rsonrce 
Ntinllr ()Itahtr plrson-days worked 

Oil tht! vVI"s,,rs 94 1h()Lwincnts, antd tactor-nsc. rlortnnls across tiids, offield 

N\VagC ratc tor 540 'ir 5 

Prict0t seeds 124 235 
NIPK usepir tli(kg, 334 159 
NI1K (kg wIta 148 1'ffs 
t'r'Ca Use itr farnI (kg) 117 (7

<k ghaSrca', ) 71) 73 
l'rice t NIK ( II.\ kg 1() 

P'rice Of ute;.'TAi1.+kg-) 108 100
 

Price f rca T.Akg1)1 108 104 
k g ) 7 1 62VA lut' OfI M,I LIy( TA,. 

'irL .:',ursvi!,Ilt,, t993. 

Cdtcatioln hCV I l(tdeIC We found no signiicantI ). 


ditffCrnC in \omi's access to extensiin services; 981 
,ttV ,ss xtLInSi(i 0)W,of 

tilewv,( oen hIrlcrs. iiifitiaImt diffecIitcs wrere Itlind 

Of the rni](t a to comiparud t( 

-illtile arc S Io CdtcLti(It allid credit, h(wever. Onllv t(1 

)eCrCllt f tile ICiclle LainrS arc edcatUd iX., hl\V' ur 
attended sch()l comparud t( 2 1i (f the nale lariners. 
thu issUc ()I hlethe.IHr larnUr Uducatiltn sigiificantlV 
,iaitvus,+ cifficiitC rti )r(IL tI ti((it ill ( Wlt isV illn 'Iy(ir, 

It vcrthIClss :stilt d ,C, and I )jato, I'agetttlcd .\d,.sina 
3) in ttis Annual ],up rt I. 

\V(Oiln are als() it a disadvaMitac in their access t(I credit 
scrVicts. lightly-six IC 'unt0I IlofrncLarlirs htVU accuss 
t( credit Ud to(ltt(1mly(tt58' Of the wntlltl. \(lllul 
als(at)t~ar torceiVc It'sfl(r tt'ir (l(itltt Itell:ttaii the 
av ,i)rict ()rI)atddV wvs 71 ( :I:../kg,rrccisUrd Ibtni 
coIttlpareud t(o a metan tarnt-gatu tpriCC Ot ([:/kg tor(I 

wOnlll. The higher prices Obdtainud by l1cilmay reflect 


the fact that iticit are Ibettcr (irga.li/Ud illtt tarmur 

c(o)ueratiV\s thiani ( ill the tillliilgtlluItlt, differeceiCs (1 
sales, or the type (If markt outtUtS Used. 

We found no Signiitant diiIerV.nces ilthe use of 
chcmhidl trtili/Ir. \feln ,a)plitd 141) kg NITl I\,I 

COMIlared to 120 kg ha 1 f(r woHICen, wIurCaS the 
application Of urca \Vwas701kg ha I hmr the mn and 73 kg 

.\crI c' pugL- 
inltltS (insucticidUs and herlhiCidtu' wil, Silihr 10-btIh 
lIi f()',Om c ndittnr, Onf til u c of other 

Indeed,wx'omcn spIlt an 
;.)LIl'(Of I hf,)(() thli am to 
lle and \>lllOunl ai'rllllels. 

(AIA h1AI ) tlece il t itI 

hIv isa ,ti itU gI ane, utaJtlen t(()xt+l oa]ln L I [lt k 
tractors) naink'' throu h n il(-Int Ids.tI marketst I 


isactie illthl rgiom ()fttoe stcat.
ingio liiold Ihe 
bv tllltlai llCIs Wa, 1 .5 ton Iha I ilIed. (ullli1 


fClialIC and mIalc' Ltrurs. ..s sichI, sWhI Used atoitC the 

arc not ap))rOprii:tC nICasnrCs
MOI-C pm~rit C01 1M l 

pro ,funlctioni al l ca i 

Ot rctatiVC ta1111 UfficiCiicv.at+p sibh+Ctltl-OLgllSi -CI 

a ts. 

linpirical Models and Ilypotheses 

XVe estimatted a svstuitt (I equations consisting of a 
tnornalieiyd (restricted) profit functloi and lttor sharC 

Cquationis for the two) major factlr lIO)rodnction: labor 
and fertilizer. Thu dependunt variabh in thuit profit 

funilctiol Cqulatioll was itrntaliid pIrofit, detinUd as 
rLuVunlte (If the far- 1ninns \'arial:le COsts, divided W tle, 
tprictOf Ipady. M'le explanatory variables were thte price 
(If fertilizer dividUct by tiu,' rateplrice Ot( paddy, v,'ag 
divided by tile ic It a, O allcalital inplutspaddy va(u 

(i.., costs of seeds, inesucticides, aIlldalilMi and 

iuch al poweri, ctllttiV\atud lIand aua, aid a dlttmy\' 
\ariahle I(mtiltsex (Ot the tield (wner. The factor share 
U(uatiIiots ,WereestinMated Si Illt.iu)uOnsl\ with tile 
nuoriM;aitd rUstricltd 11r(Itit fnnctioit, using the 

Siemingly Unrelated IR.grtssion (St.i method ill order 
to (et~tait arynlltoticaitv efficient regression . stimates. 

We imp1 osed appr(opriate theoretical restrictions (in the 
SVst\nl IOfU(tlati(lls. 

The rUsults (I t stiMatcd e(]llilti(lItSil alC )rlsintd ill 
lhlc 2. The coUtllicitl alllhave the (Xl)uct.d lheoretic;t 
siglts, atnd 1( of the I I variables arc sigfnificant at 
behtween the tiV ;aid (Incpercei t levUs. Thus, as tile 
prices 10r flrtilizCr and lab(r increas, ,profits will dctline 

as expected. (Capital and land are highly significant ill 
the profit fllctioll. 

I Iyp(ItIeusis itinmber One was whll hr ()not tlhere exists 

any difference il ecolnollic efficiency (i.e., )oth technical 



WARDA ANNUAL REPORT I 9,'(', 

RESEARC11 '~ 

TABI, 2. Estimated simultaneous regressions (SUR) of sy",tenis of normalized restricted prolit lmiclion and 
factor share equations for male and female rice farmers. (C6te d'ivoire, 1993. 

Model I Model II Model III 
Unrest ricted 2 restrictions 4 restrictions 

Noria~ied Profit Function 
Wage rate -0.455 -0.454 - I.38o 

(-1.65) {( 1.65)' (-7.83)' 
iertii/,'er price -2.lI -2.019 -0.88(0 

(-3.92) (-3.93)'- (-8.6 7) 
0.123 (.123 0.136a.ital  


(2.31 ) (2.31) ((2.67)' 
and 0.682 0.682 0.655 

(8.52)" (8.52)' (8.3{}}" 
Sex of farmer (I =male, {=female) 0.173 (.142 0.159 

(1.32) (1.46) (1.54) 
Collstat 7.263 7.292 8.739 

(8.96) (9.02) (11.19)" 

Factor Shareql:Itiati()ns 
I ai s/btch-eui'tiliil: 

I:tct rt 1hare jtarmnteter Ifor men -2.593 
(-7.14) 

-2.50)4 
(-7.49)" 

-1.386 
(-7.83) *' 

1(actor ,htarc parlllamtuer f:)rwolnell -2.017 
(-2.36}"* 

-2.504 
(-7.49}--

-1.386 
(-7.83}'+ 

1.o7tililt'I~ tc10COlt1,ttiom 

IFt(r soare lrauRttte)c'r (or men -1.220 -1.262 -0.880 
" (7.67}"(-8.63)"- (-8.67) 

Factor sha:, parameter for women - 1.496 -1.262 -0.880 
' (-4.01)" (-8.63)" (-8.67) 

sotiatCd [ ters.N'O: \ ltLeS1 rcit ics ,, ir, the lcrpective t-VaileLIs t e als paraln 
, - iHat5", 'gnilicaill lt111,,.'dgnfilita ** 


and al}cat iv' citciettcV) IetweCl male and fenale fertilizer in the profit functionl. 'The test results showed 
Iantlrs ill that the hyp(othesis Of equal relative allocative efficiencythe sat1lc. This ittl)lieS that the coefficielt 
01 the gCnder dttt11 inl the 1tortt)aliied restricted profit o'fien and women rice farmers is 'cceptedat the five 
ltoctiort is clital to zeRo. I he test results show that men percent level. This ntplies thaltwoMenieqluate the valuCes 

ld wo t, (artrllUrs have eqtal relativ\e ew,,,;;ic of margin;l pro1ducts for labor and fertilizer to the factor 
cficiecsn'. p)ricc:, degree astio the satel metr'. 

IIte secottd ltl)ithsis tesis (or equtal relativc all0catiVe I lypothesis tum er three tests for vIther niale farmers 
Mficiettcv hetweet male attd eltale fa lters i.e., are iev have albso1lte ,ilhcti\C CtficiViRy (i.e., that titev, eq(uate 
Cqual itt the degree to which tHIL eqate ile values of the value of their marginal lroducts to factor prices). The 
marginal productS tf lahor atld fertilizer to the wage rate test rescults shOs' that the hypl)thesis is rejected at the five 
anl fertilizer price?). Ihis intolved examaining if there percent level, ittdicating that men inl the sample do not 
are significat dilfferences it tle lparatmneters itf tite labor Iave aislu)cte allhteative efficiency. 
and fertilizer share equatitons (i.C., w\,age attd fertilizer 
prices) and cotmparitg tese iparatutcrs with the 
cotrreslpitdtling inargi nal-value priiducts fiir labor ani 
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I -\ .. . Iialt' irodluct ixit • tf'cts of Iproduction 
Iactor' usetd IVnri lic rr"(lel ll(I Vmewxoiii.'). 
liidi_'Ct rodt l.ill la icity eStilateS from [lhe dual 

profit .nction. (Cote(lloi'e, 1993. 


Ih lticitv 


lProdtction Fictor Productill l 

INl )I- 0.42 

Ltertiliz'r 0.27 

I And 0.()21)) 

SAl)it 0.4
+l 


I livtourthi liypotlhi,,is tests hlether \x'0iilit, rice triters 

haxe' al LttVlte lficitUc'V. l
allc<ti,'e As With the pr ious 
test,this h'ilht,i ,xItritltct, imlpl\'iliyg that xvolullWasr 


alsu toil() haS t' ilixtilitC L'ttititC \' illt tlt' IiCgrt'c'l 
Whilich ItheY hid' ilIIoLuts, 

!1) Lt'ltL'lIiIC l i liolll rsl l ti l t I1 (lll J M Ki Itc Idd oh 

MI diio~ht) hi liti ltal illli' tti' ct'", \v tltt'cl 
i~clt ititS thalt the - uil lioii l iiti.t theHill sc ii \\itlh 
llliiill1mit(t1lcli(m I1t tli il+ I k lt the,1l)( tICLskili l)lt, oI 

LIMll-it(MI Clit ItLii,ilCu -t iltlilC'tl
s aillot W lillidlt'tl 

)liUtli tli tik s. c'sii ( 3)solix\+ tItOilcl iti ()111 tlltsutilelC 
lh' Cltsthll it\it) ) h 1i.ct' tIt[itl ishl liest' x'ith t-'cxpcct Ii 
ltili Itl.42i, h lhoxx'td hI\ IL'itili/C' M .271, 1uit M )t]),tic 
oajuip l (i1.0t .\l lease ot I ' 1 '1. i It'l )ll I)V 0r i 
iiI I ,is v Niiilil a It'ltd tik tiltI .". ,'l inlcrease 
inl IC'rtili/c'r, t1,1l, iitcalital is xpe( ted toi achti 1.7"%,

' 

2.0)".,idit(J.4'',, iilICItdiC J <ddl'l ill ( (Itll)It. I he h'ighly' 

iut-lastiv It' st' 111olCtlil llna\'t ) h laitl it'lit'tt tlhc 
1)! t iuc ()it ic itl illtlstItil' ll t t lIioiIi)icuil 
clioistjillts thIt uiinit rice+ ilOdrtl tiivitv. I Iesc I'stlltS Ilso 
sloixx' that 1,11)o) is tit Ill0t lilllitilug tack r illIice 

liiihiioiiiil, gt lthat thi' tC't loilogiis that 

C'inlialLtt thi' p)rcLiciis'its' ol lIaluii re likel' to achie've 
sigiliticallt liisitiVe ttects ol riice j)rOithictioin. 

1994 

( onclusions and Implications 

The titidiogs trilMi thiIi stitd' lIay' S'uevral im ications for 
straties to iIIIr)I'V rie InIrtLItitioti in ( oCCLH'irti. 
First, lite r'la i\tC 0 ol ( llUl iss-illld.r(tL-,ItL'(dl'lltkio.11t",' 

to h I lllI'. ( )iIC' 01 tii'ilth rl 'asi)I tir thethat I t ie 


iClt't (t XxiiiLt'iilioe tl'\V'hil) inIcts is tli
ill 'It 
C'I'l'itillC et c ' that It'lIIlCt s+s,, lI"dasi\C, ,aSUII itioll liflll ' 

aFC lcss chic i t 1t ltanilr'+s.Clt 1 1111t1' I lits, ,\CIn it 
,


1giIIs X,i I\\VM tictI' t t )IIdlI I .txI i I't ilitjI I i . e glAxxc'iS:dil 

rikc is c nidtrle'c I,IW,a\V(ulih , rI , il.C tC ltIh)IItCIt 
j I LttIii (-,t t ) hI (is i 1lltill ]dt t t i) r+II( 'I.()t) 

rslts suigglest tlhat tre is to) telt itkal,lldllt '"ial, OFr 
+cO't't idtiilltlt 1otl ti l Iio to dlts i allllillt hiitsiillg l ,' 'ti 

' hC'c'atSC trtllllts, '\hH ct SStl trirS, Itl x\htc IhIC it acce 
toSlihilar iiljUits, ll, CC'i1la 1' C'ls (dl'li( i,'ics\. 

SLtId, .\x scd titt [I l utlh ItILt1 11id \xIinto
 
l'lvr' tilt',r tl\i-Sts So'llIC ()I t
( l tgiC C'uiii 


iletiCjtitit t'. I (o(]ilic bitititil\ Illi\dliC Ilt1111
 
nm i~a sti t ill, itll ati n 6i.c., (tli\:C
i Ii al IIlh Ilt'CiSiolis), 

illipctcl t' lii,1liL'tS, C s IlIld inlfrti;i.()ItlilltICirlill llagt iial 


rc'txit'C' ihit'hlicit'ilcsic', )Ii'talit
suich it\v'ilct he'iiIIt to 
iilve"t in lilt Ji'0i tI0 I iliidIIagL'it'iit5 oL t'ttCl tarIii 

11 tillr i l l ( I M~ ri ti-Vk.
 

I hinl, lVSuts tht'ail' that for hioth femaletriIIn ,'sis,loxv 
IdlC dli'iiul the iclt' uit)to labiorhalt' thl", l itl' f li i 


xas the'lih ()l tC'tioill tictol'S. 10
,l'uCSt all tilt' !)FiLn 

sigiilIuitnIlvI l clt' or -i.itL ' i trice
iCase la i)rodttt 

1k)I i ltictit ( )I Ith xv)1niCi ;IIIl IIttII, I ro)
h )t il sd' tllahir
sasilig ttthin:il4it's alt'es c'nitial. 

I his xw'ork l)Ivoilc's Cill)ii'iCdl C'idlciict that UilIltIrts the 
iiCcl to 'liiliil'i,t ieiic''itcv-h hiasthe so-Calledt'lt"L tSCl'" 
agaillst xvt'iCii latriirS. V,'AR).\ ht'lit's that flemale rie 
taimiers have a lajor role toplay in inproving rice 
l)rithLlCtti0I ill\VSt Iltist be giVll the SailneW .\fiica ailtl 

opportunit' as Imatles.
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SPATIAL AND TEMPORAL VARIABILITY OF POTENTIAL 
YIELDS FOR IRRIGATED RICE IN THE SAHEL 
.Alith'//,(/Oili.'A~\hut ) Wipc iS, aml .llal,' ."t, w 

Irrigiatt ric' in the i",.llc is klo\, l hiaV. a high 

l)l)\siial lIduiltill t01 ilicras,,t ciltiiatt, l died ati 

Vild. At ilt' SaIIIu tillic, it is IIrgualhi \VuSt .\triCa-s 

lllOSt jlit ',sidl i S'\st'll.
trVu iiute ),Odtlitioll I 1ic high 
\'icld Il)teIiitill h0r 1it ill th il<htl t highu 'ri\rtuS tr01 

O- 11 d d li l ll id ILIll \',I' . (1)[ItIO . I hI ,,,e hI lrI/t'd 

th tL Iltili'n ll thf ',i ue~~Itllldi, Ii l e llll ItSll. ill 

irrigitioll 	'I ht uillS, hegiliii iil ill \ili ii til' Io) 

,
Xiiuiia. IO, the \\dto t wgi ll ill t it ntpudsc'lva '80S, 


,.Ilitu Wt\ L'lt t11lr lltl "l (t'\,i&llt t rI- d id D l l andt
ine 

ivcistu .k. 

un"Itlits hll i ()t 	 aillIll 111,11\ (iseu , s1 lOlt u.\piitaltioiis: iln 
gralili , 'cli' Of 3.. t Ii i k\utu hulov Allt itclatui lusuls; 
aiiit il s lli tl S , sihuilite d ,iu i Were inailteijualtu lb r 
s';iltil rtolllt,, ik r illt1heV iitrihi tl ltcgidil ti soil d ltioill 

itiitle ik it ii ic . t)lit, Of ti ' 1 ili t li l its 
hitwi\tll i t(cct'd itl 1101111i tLLd tisticS, hltowivr,u 
is ill rOIp)piig illtuiisitv, \\'hich 55 pils iillu,II to hi 
t)tt5l\ l I.u aItIl 2. Ill Litt, illitilsilik.5 riaitt l UTxci 
lnei ill tlh largeg ilrigati i N1 tlli s , lletic, , 
\ lauritaiiia, ailiit Mali. 

\\IUZI )\s uSU,, Ias I cisarth ICIIriIIg tu IOt Ir Vcar'; 

ittlilili 	 aJi III)Ic.X ()I cililatic aid Illuiiaglil i1lt 
r)ciiis svhijiSil rlilttrl th iitah)ihilil'ilt, 

lilalilgUltit, ati ,t11iar\Ustiiig ot two succC'ssiV ricu 
crops ill (icu 'ar .triVIlct\ illicult II.\rilli Ruports 
for 1991I, '92, and 'Q3). Ithe risk asSssmunillt inl 
plaiin ll oitt,I KtII)F.' Wil it, hpltld to siiliuhate the 
iluratioii ait IOssis to tuiiiirattirc-iiiittictl stiriil Ir 
ally will)iiatiollO riiu' gcnOtv\p, Site, planting ilaic, 
alid I)lnllt tIill S( Ilario ill tilt' S iht,I.etho ll 	 I.tiliZillg4 

an s Oftl\'Ni,the Sliiat iitl ti ilIt)Orl cillltaic 
i\tsrsits' of th Nahiti ait usilng RII)I', We itUnltitiitl 

s'alrict\ t\pus tIIr i(r))illg i tilc' Wit Or th' Wc oll, 0ir 
both, ailli to whici aloi-llllicall al)lllllSiatu site
s L'citic co ) aIntCr( p I iIlI, egulnu,I I atuiiItar s it canI 
fittutd (AInlal l lrt tOr I Q3O). I hcsu- t~ls, h1lW(Vu\tr, 

I)riOitdl n iliforIllilill 	 ic traill viIlils.H) lioltulltiCU 

A ciipllui1'nitiita silitllill-Ilasil stIIiV was 
cOnitilctUil inl 1)Q4 to) itrieile potuential grain 
\-i I irrig,ilti ric isi a liiiCitOll Of )lailtiItait anti 
situ ill thu Sahmul. Yield pOtCuItial of irrigMaLI ricu iln the 

troJ)i'hs ltpt)uiiids Iiaiit\ Oil Sol raitliatior, Ilitrogull 
1llutritulil, alItl rIke \',ictv grown. It is gunerally 
ht'litVd thiit ill taslOralblet iLiir-iiillets Mid itildur 
go d Ill;iIg t iIIcl t, the t11' (SlilliV) ',i l ll tllilh tLus 
1 uch highcr iWIdLS thl tilt\WOi sasOll. I hit' 'itld 

101Nh() 'S il Votl ritt,-. Ulld,,er IV rlalflteh ,.i\". 

tm pl]icil th\'-Set'I-, I (lH olitiolnls Ik. itl)h l t 10} t hl I. ]hli, 

i lllll()1i!\' lictil tlit Sie,, h1iOWv tu , iik it lii 

l lS ill i iiilili r'Ollit' Of \Sil. 

Ill the Scitiut, ill o ltilIS to lll(i isol,lll Ail i, aittial rice 
grain iieitd' arc trITItluulItI lowut' ill the drv scilll tlhll 

ill tih t' at \'itld Sta)ilit" is guiilaix 1)oor ill til 
dl tulI l. .\ltthuiigth this St'lliiiigl\ iliis tc t l ilti ll 
Illigh he title ii llilrt to iIi i 'gile itll t )ltills in thil 
ott-scisoil, what ilht llio ogiatl n ltulitial t1r rice 

I)r(O iCtioI a tllillkv is ill the SahtI'iail tinv scils , is all 
ohioils LtluStill. 

teh i)prsCunt stuilvt so tIl l it lUlllill, spatial, 
SUolllall, id \c'ir-to-\cIr sarit tlit1 ' lt I) tUllit la rii' 
graill 'ild ill til Sahcl usiig LIlj) gl wth Siilltilitilil. 

Wi 	ail)l)liud thtI classical a r))Oi 11h()t sctcit ig aill 
uxistilig riceu iiioiiul thal suited tilt' rttlirt'il It 'cl Ot 
detail, nioiiiing itil lhu ha,sis t plIi'siolgicail 
Ob)servatiiiis ill tle target tVilolilltt, Vatidiing it 
with crop Observation s at kv sites anti, tillail), uisilg it 
for Spatial and tui-iporal uxtrIahlotativi, aillia-sts. 

The empirical basis for modl,I deve't, 1 )loip t 

TO il'ho)p a ricu griiwthi andi 'itl iiiiittl for til 
Sahulian cunil\ilxilit, ontilhu iis It CXiStigll IiLoLCls, 
weu lictu tilte followiing sets ot intoriiation. 

( I hi it f xitilill illoitut, to tile SatiCiall 
unls\iroiiiinlt; Or COIVi'rcrlV, their rus)uc!ctiXu gapS 

and inaccuiracies. 

(2) 	 Iln orur to adapt Mid calihraft tilu odulCI, 
tlianititialti' cilfficiunts expressiig rulationships 
between critical uiviriiiiiuntal plaraileters antd 
crop res)onses. lhusu iicludiC thu r'latiV'u 
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growth rate ditiig co. tlthtitl grow'tl relative to 
tttlllertatture; feat ltitlutl tnlctttti(oll it 

\arVioLS des'et.'hl)ltItul ta, e till e gIet ill)L t 
ct t t ' t n t1t .) U()II tikel , hr ll dr t' t.e hl rin g 

l~ lh t.h}~tltI~" 

(3) 	 Iln order to) a i late th,,(, ltidel, dit ilt.d tield 
O)hb,,rAitit( ills() ,riowth tdl\ im iio+, midt~ viuld~ tfor

' t ")l'tIki\' V'ar\k'tits IrWilt'i 't 111iOC lt 1lilttt" 

C tltd ti ,ll pecttd S, o ti..trosstll ill tI 

(4) 	 Real-tille dail\ s'ather rtcords as background 
Iata 1t0r ( tiltrotlgl (I ). 

Ihe Mitll M I R ( IO )O r LelllJ) iiC ll oihser v'.titons w as rice 

ga rdal t Lollo.l1.ttted ;t \V\AI)AS e.\petliltal 
stations it Ndital\' (Itird-ctxsttll) anid Finlave (arid-
ctltil lntil) ill t .'n 'gal IIvised OH a Colltil" 
t(In thl~ i l~lanIt t ih~le , hL kes\ Va itsi tl(ir 

()IptilllilIn)t ;.it.tltett I.\ tl11d R portst 19t I-0.3).
 
RiLltilt r trt) hSC.rv ttittl,,1ts)\itid glo(th c tlves totr
 
biulk IL'At Ilht(', Stll ani );inllit.C dtr-Illatter fractions; 

tilt attit. 01tio1 lt t tLolltt'llt, basett l
ilitt)g(t ()1, 
IIt.'i",tlR' 'lllt'lt', 1('(l t l oll t'l0 Caf1hh l)hy,0 Mid ,,I)ecitic
luat 	 1re; till.sI lllalt'r; M it l Mi td vidlt.it 

t Irea: tille/t, tilit llir td ldX' tlh])dyIl ] 
(.0i)tMIiI tlet . I Ilie tttO LIeL'Wasl,d Ve ii 2ie\sing 21 
plattntting dates il IM I nd 1992. 

Y = -254.1 5.12 X+ 123.0 InX 
-16 R = 0 .8 7 -' A A(

j 14 7 x X=t8 

12 	 ?c x • 
1) A XA 

AA X 
A A10 

D) a X 
6 X 

.	 x 
z X IR64* 44
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 A JAYA 
2 

0 
14 16 18 20 22 24 26 

Tmin during exponential growth (C) 

IrUIr I: lelationship l)et eii t riative 
growth rate of IR64 and Java rice and the minimumn 
air tellperature (Imin) during exponential growth 

.'across 21 sowing dates in 1991 and 1992 a;. Ndiaye. 

tetllpelitltre, ittl ititl kpetletcv of growth 
lprCocessee tiltt ll til SilllIt.teS ellt gv-illlited 

Mltid telll])er;.ittlle- tillliteod )OIte iial yield, t1o0 Stresses 
SLsch1 its rtOlgilt 0r tOxoLcitie2s are Cil.lsidltd. 

Mo del itl LIts ate so)lar I tditit)tt, tlllitll lll ald 
Ilaxilttill) tetllmperatures, geogra)hical latitude (to 

,
\llii 	ng tIh getol t\l)Lp)itlttLI itl tilt. rice galdeti trials,,,)IlitIi l-in LI, sOlle [triipeties Ot tie initial 

We Setlctt-i th11tuliti\drt , lvi (i tllediull-dtiratitl I(h) l plant edlillg) i)Op ulatinol, Mid ailltlllll)er of g1ellotypic 
t'ck WMei\' grtl(\ti inl St'Iei atId \Itaritatllia) ;lld ~tliItS. Site til'e Luptake of litrogel is not silulltled,chec widelytt iot 	 itrtCH iodl cek oir ttiold tileit.lloIei olrate' Witlh 1Ir)ced-titllC CtIurSeS (If IeatIIR,4 	(it sho)rt-LIurti()ll illt I'nitio ll 

Ma 
clheck) fo(r i)Indt.toeIfett ICIOl 211iiil h lit~lS 

Li itjtIl)Ietlt illi IMr ltt'et tittiiill. i)til\' tlliit tll 

Mttidlllt.\ittlttttt air attd water tet~l rltlp (tts, ii\r 

-W SjI)CLi, 
tciirdIi at oti experittmetntal sites. 

Characteristics of the improved model OryzaS 

We deveilped the rice model ()rvzaS ('S' for Sahel) 

trotm tw() exiStitlg M otdels: tile growth-and-ield tnodelT 
()ry'za I tlle\'to)Cd itt IRRI, tid tile Illicroc iilate-drivel 
rice ~lihetit(t)y aid s;Ili keiet st eriii litotde1 I )l\' 

tAiltital Report lor- 11)(M). OrytS is it deterministic 
s'ntnic ttnldel Whlichl sitlthttes the grthi ot planlt• at dcilv icmts, tile gothtpl 

organls t daily inrents, taking leatnpy 
architecture iiito acCunitt. lmphasis is on the energy, 

tlitrogetl ctllttlt, hasedl tin entpiric'a ise.,rvatiotns.
 
te iutltroduced it ltlliher i ilel' l'tlctiolns
fW to im pro 'e 

tilee 11d.l's setnsitivity tol the variable tetllperatures in 
the Saliel. Major inlodilfiCatiolS, as compared to 
Orvza I ad RII)l.', intIclde. the following factors. 

Transplanting shock 

lrtnsj)lantilg causes i physiological shock which 
teimporarily alfects growth and developtment. To 

Ctcoullt for this, we silulated a reduction ill tile 
maximal )hoto+synthetic rate and the rate of 
)1henloogiC.tl de\veloienllt dturing a temperature

dependent period. All additional reduction ill growth 
resulted from the loIw nitrogen content of leaves 

during the shock period. 

http:1henloogiC.tl
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Direct temperature effects on leaf a rea development 

l.I\)O1.leIitial gr ,,tlI 'irv de\'e+,h0lilnrinIg thie e ent 
stageS iS i11it td Iy thYI aI1 arIIa i tlCX II I.\lI.1i l Irea 

,rt hi,in tUrii, i'gC'ne,raVl ii h t il 1 )t rattiei
l i\t.'I itdl 
OIl]\ tO a IleSSer Let'IlI s triu ll !a',ssiliatiol. L) \/il 

il itS Origilldl v siinitlatt", tarIV Ic ptA iitiall
rsitto i 
gr, th t! I..l a ti.\e t 01 ulll tlldis ltl ti t ttraItrtlT, 


\Vitt l.,Itt hth ttsille"isC -di'tj 11A
ell I.'t iMlSillI Il (Ct 
iilitIiil sii(,liig 01 hi, , .\ I I It,ttiii5u, liiliitinig 

1lt ttollt ',,i
ar)(oi lilitioii. 

(It Vld s II d tl -llvh itillk,ll I) idhtgic 
iltlhal~h+lVeltdtotllgi 0t It'll W'iglt and area 
g.(ititli, ,,e IYIlilld I \ to Ib gCIICril V tlrivt IlI Vt 
i,,iiiltioii aitd itititniilig. but torttl a 
tLilter, ttir-ttelte 1(it.,t ilpper lim it toti ilit relative 
Ldaily ilIC.rCi,Oftt1,A] I1. ~ n IC1.,hV hilli,,m M itlIV
 

tAkcS Lthtt dttrilIg tXlpltt til glts'th Itecat,w the 
relati\ daily clhi g, in I.\I ant dry itttr[, are 
gCneiralV highett tLring thi,,1 period. Vrs h l.S night 
temlte ratirl',, +.g. 15 I dil tehOv) "till atl Ct I Il 
dlir-ctl at all s,tages.. ii Ueltect tht frciIg.\ I()r )if 
iMeclhi,,Iki is that le.a\s Holt OnlIV eXI:).vd, Not tle\, 
alS gt thit kcr during tolI peri ods, n11d they gradnallv 
rctrn't l to their nort1ill, ,,tagt-.de.pentlde'nt thickilos as 
telnlipratir,t Nilncreas,,. 

lhi', aidditiotial ilhv,,ihlOgital ltillctiOtn t tihe it(1el is 
tCritCial ill thit ",alhtliaCenvirInICnt hteiuISe existing 
juOItIels wrt 101ni1d tosuhtantiall\ (,c+re'stimate 
relative gritwtlh rite's (lR60)o rice at Iow 
tel .),rature,S. Fignit, I Shows the itn-liuir 
relatinShil between l. ,RIad uninliniI 
te.,I)V.ratures tbserctd in till' Sahel, which Cannitt he 
t'l)lailed Lu',tl.'ctsOil isSinil titmn alonc, because 
iiidilday ten perattirs were oLsnalIv inl the opti mom 
rallgt fIr photosynthesis (20" to 30) C). 

Temperattire effects on assimilate partitioning 

Ihe 0tsva I ,IOtitICtlicnplotes assimilatt partitionlinlg 
ratios allitng rO(ts, Stemlls, cases,, alnd tht joanicle as 
fixed luctions of the devt.il)mental Stage, thertby 
trtwidiling ftr n[t jlastiCit\v. ()uIr (AIservatit ins, hoWtver, 

showlei that tie fratiiOtl f1assimliat Used fior leaf 
growth is significantly W< ().()1II p titively correlated 
with mean air temnperatare. l.af growth, therefore, 
dtecreases over-prioportionatelv, comparedt to Other 

RESEARCH k 

rga ns, it tcnllIlprat Ut ik (M. \\ iIt rated tII,
 
rtlati' tl weak CI t', t inlo the IM h ,i
l IC.I 1u1e
 
teiiptrltiirtur rill ti,11 H e i high Iltlilt' AIhIl.
 
Intt t.'I)CLI.iII stII I)artiti,l g tai
tt l Iwd that IIi d,
 

thl the I h)IliOlOgik_.. plant tivpel is ll,()
ertoh re. rli 

atte1CteI IW N iltitritionl dild (otheru L'11\iollillellttll
 
tactor,, t',essititillg d greiater 'lasticitV ot )artitiOllillg
 

IIItl I/IilieIi ill ittrite IllOtt
ls. 

AIsu unlikt Or '/,i l,jartitiomi g to the jt,iIh, ,tiragot, 
Oitga ll)it I)r,-thtx euing \Wi, , tllt illllt h\' thit IlIIIIIl)I" 
Of pikhts ilitiA hCLtwi Itw pnic., initiatitn and 
tl wt+titiii ,stages. Ihe iiliiilt+r Of spiktlt, iliitiatt diid 
thit. weight 01lte s ltI)ilig liLite Wa's coIlSiderehd 

01ro[)+IIuiAl I ttt the+crtpl gr V rate dIIirIg thisIrwth 
pIrioti . lnI p rtn.re,l tCttl spikel,.t niiiiiher 
i ,.i ,t tltriLgh ssi, iilatitii rileCs. 

lem)erature elfects oil grain filling 
and yield Col poenbt 

luh)r the irid Sial.lian e.i\ iroiiineit, tile SilIIlatioii of a 
sinlgle Weight fratitt hir iti.iCS dOts not ad+qnatlv 
hdescribe yield, becau,se a large fraction of the panicle 

can cOnsist of untfilletd spikeh.tS. The twi riaii canses 
of high nit1lurs Of 1ntilLd spikeh.ts art_,hea,,t- or cold
inticed sterilitv, Or severe sonrce limitations. Three 
weight tractiois of the panicet We(2 siulatl.d: filled 
fertile spikeltS, fertilehut unfilled stikClCtS, and 
sterile spikelets. Fertile splikelets were siilh ptsed to be 
filled seq~ue.,ntiallv, iesnltinig il a lecreasT of nnfilh2d 
atld an increase' ot filled spikelet number. Spikelt 
Stelilit\' was+silinILatd as a fonctioln Of teoileratort at 
critical stages, using the plhenological ilodel 
Compo.nent IFllV)l'. 

Sink capacitv of the panile was determined by the 
numhter t f fertile spikelets, multiplied by the potential 
grain wtight, a g.'1n)tv'ic constant. Potential kernel 
weight was gradtnalIV aidjustetd after tiht flowerinlg stage, 
to accIUIlt fttr ohbs'ttd temperature effects oin grain 
weight distribUtitln. 

Reinivigorated vegetative growth under 
sink limitation 

The original motel OrvzaI terminates the simulation 
once all grains are filled or tile sourcet is exhausted. In 
the Sahmel, however, sink size can he severelv restricted 
by'spikelet sterility wh ich is accompanied It' 
reinvigorated vegetative growth during the later stages 

http:spikeh.ts
http:spikeh.tS
http:eXI:).vd
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FI( URI 2: lop: Chlanges ini crop duration for FIGUtRE 3: lop: Fraction (%N~)of* unlfilled spikelets 
transp~lantedl IR64 rice sown oin 2 1 dlates in 1991 for 11164 rice sownt on 21 planting dates its observed 

anad 1992. Field observations are comparedI wsithI in the field (dots) aind simllatedl with ile model 
-iililtions sing the plenological model 1IX, OryzaS. Shaded tones represent spikelets that were 

thle growthl utodel Orvia 1, anld tile comblined miodlel nlot l'ille(I becaluse of, source limitations; thle 
Orvias. Bttoni: ( iaus in grai remaining fractions are tle result of temperat tired yield for the 
plantIinag dates. XV( dry wveight of filled grifus; liduced sterility. ltottoail: Observed (dots) and 
WSO, weight of t e sorage organ (wvhole panice). simulated total number of spikelets per ground 
Ndiay'e, Senegal. area. Ndiaye, Senegal. 

ol ri1)ctltt~g. W\C Siat11MUI~~ tis i)ll121101112c101, Which java, onl tlhilbsis oft It) vars oft historical weathier 
aftu(cts HIV itMAVSt indexC,hV retircutillg unuIIsed re1cortls ii1970-79). Simltationis were coitducteu f'or 
assiII ilte" toi shtoot gri osi t. molre tihanl 30 sites in t he Sallel and 12 mionthly 

Sowing dates. 

Approach to extralpolaltive crop simanulation The presentI st udy fi cusus otl totir key sites in tile 
Senegall River1 de~l and sAucy (St. itin1iS, Rosso, IPodor, 

We Iued ( )rvza.iS to sit ila~kto )otentia yields unader anld Baki), and tour key' sites in tile Niger valley (Niono, 
trazllSjlditLed conlditiis for the local check variety Tombohiuctou, ( ,o, and Niamiey). Thie phientulogical timle 

0 
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(t'irw', (i4 ,i N ct t'(.)1': it, si ( I't'rV d in Su'l'.gal, we'r'
 
thrL'h l)(1WjCtCd th' ()tIV.r sit,'S htu
I ,I It) W . ,e.' N uptake 
,' i it kit i hl) itCu ' ',itt'v 

)1 ipaison\alidatio~ntt O(rvaS: ( ' of" the models 

)r\,aS mid ( )r ',I at Ndiave 

,kltIL i'll. I Irt)p ohlm,mohii h1()1- t Ndli1\(1 \\a<

ti ittlf tih Lt I tiht itIll \\tlt l J ]() tiita it i02 

ill III]\r h\ M (dat\ Ii '(dotNsad
 
Yjtiti 'I)tit )iI i IlJI i ()I\/ ii lC 'iro.
i /1 tlt 1 I \\tIt 

SiJIIlti, ou VolL i W il(1IlcINnkile t It. (tih't,'titllt,
JuLP't- lW( (dI 1hC ill( th ioJ(ll ()Il(d i,,IC~u,. \ 

('I 1111 ,c'rl, , J llllltultllt (di l!l'lllt li 

Il ' ltr ililt'ti i,\L httt
witlg titl tirhtrv I.\t\tthtttIlki Jt, d \ iItd I c' .S c'r tltd',s( ) r/ h/tS,it 


(I I IpmuI V t (dl .IIIs) l) 1 1rud sdtikta(t()ilI
I I '.II I ts ied . 

Yitticl tiltlti , ()It' \./,lt t.iIt' W. to ()lris\
IM sr,, iu.l.\ d c'\,VCCII ItCllr1l1iv 111ldhlt,, .\llgtl'.t, hill 

lliin t (rrtti ii rudtl4ainit 
t ),It r\,Cd 41%\i 01t,,lltl l 'triI d ii' ('t'rti 21)). 
)\/d's tR LIsirilIv "llHI r ild aiIshC , Ii 'iiliat ll' ill 

gidill V'IILI boltl ,,h1)\\Ud a gL'1,1ru tIUll C'lLV 1() 

I)\C'l'"l~ lltlL \id d. hkC(. ,S 1llC V M) l.'-,'st 111L;, ill s %\V-ereL 

1),Ill\ (MMJl,'d M]\ (MI) IlllllldgL LllIltl I)M()hlLll', HI1Ml \\C'lC 

Hltl ',ill) ],tud 11ilC ()hjCLli\T \v , 10 SillIlul _ I) l isl, 

li() ,10 (ldl, .Vi'Jd',l, \\' U idt' It(,','lh to,, luher 

,l1)r()Xilull. l 11h ()lhW.,_'\ M io.ll. 

Silltlali)n o)f, yield .Oll)()llnts 

JI t(' di',tillc'lioll 111 il l 1 A''/ IS [)b V t C1 l tleL \\'ig, t O.f 
ill,.' filk,'d kl i (\\'( Hl;111(1 thC lIMriiLlC (StONi, C O)rgln, 
W\S( )) %vasl()I little inIqp()rtauILT 101' OL'iaLMC {,.ilte.d With 
high 'idl,. l,. C ChF\~u, dMC,.". ~l~nhto)l()r ',.o,.\inl ill S~lt, r 
No.\,c,nlhur, WhLCIu \id'HS \\'e'reU CL\Ih\' C'(l,,-iIIduIced 
sp~ikCL't slurilit\', tile unfillc'd splike_'let, aC I'()~l tl,.d 101' 111) 
to (melct ha 10 I l (lFigurc 21h).IM) itlC W\\'t 

S':ilIlilt~iol Ir. r,Irll~V1ItL'hCLI thll Oh'.,Fr\ d 
I)C l1 ,1 UC 0I) tllllillC'd splik'lttS (lFigUru 3d.). ThIC 
Sillul utud ,ntlmhuir Of1Utmiilud_ slikdt'l coL'.nsisted. ofl t\\() 
M()nll)()lI'lts, m)lle ca;llsudt hv' sIeuilII\' atld o)ilc by 

il,',ittlil~t S,(L lll~ illlitail IS. T1'2 I\\( CO' I) Ol)lellls a.ll'C 

difficult to distinguish in ll li fied, but thll(\' sh(IoW \Ver\, 
diltul, t sLilsollill p~atterns (Shaded anll l shaded 
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IGURE 4: Harvest index of 1164 rice ossert 
for 21 tOiing dates il 1991 and 1992 (dots), andas 
simrulated wiliiititithe rotlels Otrya l(hroken line) and
O rvzaS (solid title). 

llll,., t gliti tt ihi i' 

/ li t ill FiI c, Ar i t.lh tI)ll t()Itl Wila. t llal
 
pat.Iterns"Of t(tl ltlllnu hbers, OfI s., ikd'ls' lX-r Uillit gl'(tllld
 

dl'Cil drC l' II(\\II ill IFigUI' it)l. 

ll II2t l tila)( i l 1t i '" ilt t'tir If ol ' I 
irr tNlN) C(., alrl it's ll i l itst lf, is prob)tat lylC 
llar\'Lul inldex (I11I). h1 .h ,or\'eVUI1 \,,'its, M't 11e d 0).5 
fo)r IlN(},t lihlitiu g dIte', hut (;l0)It'd to \ValIC,, Ch)', to 
ZVIO) f(r l)tltillg (ItMCS ill SLl)tCInlhCr did (00t0her 
(lFigUre 4). ()r\ZaSl simu11ated,. thes'"e p)atli s accu.rately', 
w\ilcrlt he'origillil U.IMAM (r\i'V I] I)rC~liL'lLd 0 111 O)f 
abu t (0.4, w ith liltk-s \,L..{)II()ill.lnl'. arJ;i 

\ii'a lation of' yieldI lredlictions foir ,Ntiaye, Fanlye, 
an1d a site inlltle P~hilipplines 

Ml(dC e s I d llilng ,ihs (Nd.iay'e andSil' 'iM ds f()r two'( 
lidV1\2 ill SCIW, Il) Mid l()r tWO(\'uriutC lJltoII(4 and local 

Clieck-la\a) are lprCSI2,utt d ill I~ll ' '.S (OlNCer'eLI \ieh.IS 
%\'ere'hetW\VL i ila d IllinC t had ill.I h(.tlI sitVs, e'xcept) 

101+' ()\il dMtU" thilt \\W 'CF dV',(OLiMtL With Co)ld.
inll(_t'tUI sterilityv (Sepltemllhur to) .No'(VCI11hLX ). 

SiIIu.liltiollS' \\'Lr'C g uINuraV iaCCIrdll(r01'.Jl ill 19Ill".I d 
1992 ilt Ianave, m (idI()r- IZ,04 inll -)199 il !:iila\'v. llIZ64 
\'itldS ill 19-9(.)itll ll;.\T, ]I()\W 'L I', SIIO\\'e!( inlco:, sistelit 
p~atterns hL'C'MUSC Of1. MII;I Lln I~)hlLNlll', illILlutii1g 
irrigatlion ILllnlll faHiu,.S ill lhe h .)t-.11\' SC ;ISO)I ed 
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I:I(URI- 5: Girain yield as observed (solid squares) and simulated with OryzaS (lines) for 1164 and jaya rice 
growni at monthly intervals in rice garden trials at Ndiaye and Fanaye in Senegal. Open squares indicate 
yields ohserved in an adjacent trial under i)irdnets. 

itlttlldatiol illtile Wet Siei,,)tN. The local chckla'a was were getlerally Ibelow siltlulated \'iels. This tay be 
dIs,) to sOtlL' e.tetlt dfte ted, but IeiOrtlled bettcr, attributable to soil salinity at tile exleriment;tl site. aya 

)r)llthly IleCte t b'tter gCtnlral adal)tation to the is highly salility susceptible atld IWR4 is moderately 
etnyirotnllett. Spiler mite attacks wvre obsrved i1the tolerant (.\ntal Report for l99.1). 
hot-iry .ea,,otl (Ilbrolr'Vto ,laV) illbOth \lrs ald were 

controlled with acaricides, but growth reductions%ewere Ille tllodel was also validated with a data set for l,64 
-
still seen, beeIaot,, tile fine webs Oitl tile leaf stIrfLICe il tile Ihilippitnes, Iased ott a N rate Of 1 ()kg hali 

aLconltiIated dust. \t NLdiave, obserUvd yields for ava and the leaf N oltelts aCtually observ'ed (1988 (Iry\ 

seasot iti ,laligaya, Nuva, lcija; a.ItlOl'S' datal). The 
1.odel slightly tnnder-estim ated grain yield (8,.3 Vs. 8.8 
tha I) and biological yield (10.1 \'s. 10.4 t ha1 drv 
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' idicatut t'nlperalutores in

Bahos, 1991 ais~~~~~~~Los 11Los Itafios, I'hiililplines,~illlil5 f'oro 
.- " 7"-" - 1991, as a colparison. 

St Louis 

Sikasso 
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Month 

weight) and, no re significantly, tinder-esti mated tile 
LAI at the headinlg stage (8.3 VS. 9.9. (Counsidering that 

i)r waS specifically delped thr arid cuilditions, 
toweve'r, thi s Vield iredictioun or ,tasite ill the hmtnid 

pr()ics' 'was Ct0isidered satislacto rv. 

lhil validatioll 1 theiMt el tldIerh Saielian coiditions 
w' cuitluttild Iv I itntlllhCr Of strIeSses that ctuld nu0t 

he silnhtitied because tiiey mre dilffiult to itteasilre (e.g., 
dust acctlitnlated On the lealsurlace). Futrtthertnture, 
the dry c lillate ggrV Ited any Co and witerl ) 


I)lllldgIetllt elrrs. Ill 1iiil/'it, to
lru)ll'e 

mltile stresses., it is genlralls diflicult to 
(2Xlperiitltidlv V'datt pottential yield models. The 
ext rat)poative exert. ,ss sing [t'\'aS its described it the 
luth witg ,ecition sILIC thereCure be inltelpreted With 
apprllriate canton. 

Thermal characteristics of the test sites 

.\ltlual )atteris Of daily tnaxinn (liax) and 
llinililllt (Tinitt) teill]ierattnres are shown for key sites 
it tilte Salhel and cumlared with a hlnntid-tropical site, 

os Ihttls ill the llilitlpiies (Figure (0). Iwo typically 
"Sahtelianl" .ilvi-oitleilts iii which irrigated rice is 
gruwn are rerelVselnted hv IunlOtictun (lali, 1u' 49' 
N), it the friilge Of the Salara desert, and Nionu (Mali, 
14' IS' N), located at tiht' ceittr of ta large irrigation 
SCIitee (l[ignVn Oa). lhese sites are characterized \I 
annual patt'rns of Imil that follow sytuntetric hell-
shaped curves, rottghly reflecting (with i oiune-nlutlt 

Month 

lag) changes in day lengthl. An nual Trin extremes are 
less than 15' ( inl Jantiary and about 260 C il -lnie. 
Patterns for lInax constmitlv exceed those of Inrin by 
iure,than 15' (, exce)t (Or the sltrt rainy' season 
celnttred in .\iglust, during which the diurital Variatiiol 
ill temnperatunrC is tltncth less. 

lhree difflUrlt t'i)L's Of dilltll IIterIitta patterIIs Occur 

in the Salhel (tignrel0)). Iirst, the cu)tstal clititate e.g., 
St. t.uis it ile SeneCgal Ri er delta, lW I' N) is 
characterizted )\ a ig coo] seislt atind imoderate 

" liaX I)etsseevtl 2 ' ard 33" ( thlrotlhut the year. 

Second, tle great fhluudp)lains Ot the SAhl raniging front 
13' tu IT N hAe extreiilelv high dinritt teimterattre 
fluctuations and Titax tip to 45 (Cexcept during a 
short wet seaoni. Third, the slightly inure elevated 
pl)ateai at the SUttleril frilge 0f the Saliel hait a nittch 
Couler and h~luger we t seasn)ll beteVnUIi t Mid 
September (e.g., Sikasso ill tli, I1 18' N). 

These patterns statnid ill 1ttirked coitrast t( the clitiate 
of the nttiolsouial tropics (e.g., 1(15 laios il the 
Ihilippinies; superimposed il Fitgure 0), particulharly if 
cunopared with the critic;l tenti attres fOr tropical 
rice. 'tIe critical Train lor spikelet sterility of 1W, C 
(.\titnal Rl Ir for 1993) is Virtntt1y t\ever experienced 
ii l.s Itaf-ls, whereas it the Salel, Tinii is below 18' ° C 
turiilg three to fltn ,ititIs Of tile \'ear. iititll 
tetleratn)res helows 18' ( also linit leaf area growth 
and pttential kernel weiglht if they' coincide with 
critical growth pihases. 
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FIG URE 7: Simulated potential grain yields (solid lines) and crop duration (broken lines) as dependent 
upon sowing date for transl)lated laya rice at four sites along the Senegal River (means for 1970-1979 
weather data; individual years are represented by points). Enhanced months indicate common planting 
dates for the respective sites. 

Potential yields in the Senegai River system 

Simulated li teltiial grain yields t"r the locally growi 
varietv.ava showed stlong seasltla and spatial 
variations illtile Setiegal River valley (Figure 7). All 
sites eween lIe della (St. IiuMis) and theI 1pper 'alleV 
(Iakel) reflected a drantatic yield de)ression for 
SeptetmhIler sowitlg dates due to cold-i ndctced spikelet 
sterility. 'i he pIlalting period associated with this 

prohibitive yield depressiotn, lmwe'er, was longer in 
St. louis, located oin the Atlantic coast, than illtile 
upper valley, which has a more contitental climate, 

Potential yields for the wet seasonl (VS; sowing in July) 
averaged nine t ha' illthe Senegal delta atld eight 
t ha- I in tile middle and upper valley. '11ey fluctuated 
within a relatively narrw range of about two tons 
aMnotig tile It) annual sena.lrios (197)-79). 

(urrentll recon1IIeided rice doulle-cro)ppilg 
schedules f'lm the Senegal River delta and Middle Valley 
call for the secotid crop t(obe sown itlFebruary (hot

dtry'seasoti (I )S). liotemitial yields illtile II)S were 
I0 t ha' itl St. louis, tinie in Rosso, eight il l odor, and 
five in Bakel, itdicating that tile I l)S crop is most 

productive ill tIle M()astal Zotle aid Ieatst i)rcLtCtive in 
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Potential yields in the Niger Riler systein 
12 180 

Los Banos, Philippines,1991 'Ihe Niger River, ithtg wich iLL' g"(wi, isiJilrigtL'te "riv 

10 160lh.rdCtcli/ [clittt isU'ialh'd 1v t('1)lltIt(llllt; . RiWl' 
= ~~160 ill c ,Hilc h.',g g th .' n . R icesow n'1 Itli ilnil ()1 wv tNe i.lso 

ll)ig t- t i n SLA(' t LL'd OItv 

Si i1 Nig' r, ]Clr)L'S llt-td ill this sitilV hv NiJtIIl1'V 

S- "" 140 ( H)32' N(I iur ItQllNi"ir the,.C )ld-dry-

Yield 	 riCe L( nhl' C 1 M {.'rCt is1)I'il( 

SCid"S,( 	 illN O\' lhvr ()1",L'OI) i,LoIlIIII()II1V So%\v1i 
4' 	 1)Il{.L'IIII)r, It Ii s()hcllt'F uLh11.\llhh I il\tll I 

Duration 	 120 ar' IOLUdlarotuid Ni no ill il I-I I ' N), Ike 

Dry season Wet season 	 theseL'two(1 i111(ot litt iiLL-iro)dlo'ing ,LI,, tIl "klL'" 
,


0 100 of tite Nig'r Ri LCt 'LnA'S IS ;1111t11 S 17 , Ilrllr 0ingw{ 
J F A M J A 0 D iIigItiiot cl'.(IS',d to itM J S N 	 Small \ilIL{g'-h's Iroi{c S LIII', 

CILs 'rtC'Iilll dllC 'llt'Ld t)lt('.IIlIt' lhK i ols IV L'lI)l{." hV ( i 
M lI i l oll)lot~l ill 111C I)IVS'"CI][ltA vSis. 

[I:I('RII 8: Relationship )etween graii yield (solid 
line) dti(. %ow'ntgdale, as simulated with OryzaS At tilL' two si's with I1I1)I' ClIIte, NiIIILyIlIt'rl' 
for transplanted laya rice hi los BanInls, Philippines, did Miomto, tieihJgicLt (IItL'1tidl \iL'I', \'l'L' SittlnILL 
il l991. 'lie broken linte indicates tie respective l)1r)\svilg dilt ill's\ft'. M (I{il.Il tii ViLds o 
trO[) {.hrliltiO
IS. (Ihll 11Il1lth \'L'J'' IIL'tV{'L'l HIll' dltLI1) t hl . '1(.elds 

,J, hor SM.()VillgMT'()llk lV g t l MVh\'.r ill JIll{. Md .1111V, 

( s.I ltIfil t d I",(IH(lhC'o(.IV a' diu ,IL' I\' C(l-itLICULI
(Ih' LI( tillt'tttd ( ' \'tlllu'. 	 (or \\'Jl ill \tlltgtt CI'tltll.Ii111tIt'tilltl l~t}{.r riffs sterilitV forS ttld SL'I( )t '. 
p l( ll2111ll()llI %vtI5 LtltL'dl ()' 5t1) ptysio(o icad L'(te'Lt 

(dI hight tVLItpL'r'J tLlrC'S: d sh1l0t hl liI 01 ttt ti ld tll S dil'CS illtil e ()ld-dr' S'5h((tl (()to)er'illg to1 
I ll{.'d mlt it', rI l y hol I)l'tIIII)C'I') with htigh1l)gr pIml/ .2 it tll itt( I W're i5 ,LiitLLI but variable 
lLtili( l ill tuil utper vdhil'y; aictl ItL-induc d s(ikel't ViulLs. YiIld \I'dridhilit\V LiIriIg tiheCold-dr SL'dSOn Wds 
StLUilit'. Withit OR{'ClilittL' u(ntL (I h{.( h(' (h plnl' ritil'r tuNsL'L( 't riuratilULs wihich piliulitt'd Itl 
5\,I(LIy, th1Lr'II(tt', iJLL ,.rO(l(lIJnt, I~td\L ((IL' hintttbsiS pr(I)LIILtiOll (tL' I t ilL' (Iig LIdlulill, but J)pl1ulIIIL' \\y(l~ltl 

higl 'st ,l I IIiL t( IItntilIIi llt' L'Ilt (1 11t) sitlk Lit])it1 ' LIuL It Nt 'rilit\'dIlLrL'dU('L i)()tLlltidl 
1 t I'ItillIRo w,)). .\{.tulllim iters' \ilds illthis ,rinsize. l'iCILI V'itriad ilit' ill cl SL'a((n illtIlL' tLI-dr\' 


L'tlIVil 2tilh .L', a'ldoL' 	 t lil Nint0tt,I\15''V dV htlit InteL' I ill rL(ICLL" I'J (l'()rtIL L'tti ll L'xtrL'ttelv risk.',
(I I (-~ - F l)[) Ii C u ' l i VC \h%I 	 CC Ol y S,, IV i ll S()\in M/i ld j I(r S(1, Hll, i d }I l \ u g gLst i11g i1ILAI ltl ll llt , Both
 

IlL' \VL-SL'i{tIItt tIL' tiIlM)iS grl(MVI, itld.iLtitgllgal) pt}lri(Ititlly C1i1piltg
IIV' itgrU With oIS(L'rVCLLI 

iLtlill'S
hL'[\'L'L'tl I)()[IL'ztitl L l ILttlitl Vild s (It 41)) 	 ( M11. Ld Ml tIC IL'SWL'ti IV' SitL's. 

'V sitlltt'L 11t iltlitiLl C ()1l,xy itig LJit2S tlSi lg At tileIlltrLl-dO' rt Si'es ( ;.(i rI.lIdt11III)tIL't(L, rl'l1th ll 

pirltltli'tL'r"lor (l)1)1 , LtltL' SIlL' ilJL'tiltl illI11 Iil-tn constraint totpotnL'tJtt IJL vi'( dI 'L'rL' Iltrtlr 
Ih JJ)in {.- g!lI r ). i ld It{.'lticl h i g h est it l tT{n h e l8lJ eu I l Wits' iI.l{.u at'eLd[. A\ { t til (on,g and i n t en s e 

lbllit IItL' I i ithe LILA SL't(tlS()ll (Sowing dat s itt ColdL ,ll ll))'il's t( Ir lilil rice [(Il n l }tingL'WL'I1 
ItilItIr.), md l o wstL't t 5.5 t t ill tIlL' SL'h lltIL1 I)L't'tIthL't, 5ViiL''L't'\V\t tl"t .tSitlLe 55'(t-5Cat(n 

(Sll Ig itlmLIttC' Jlt\'). I111012 rLSUtS ILIt(V dt''withl A~I~ ~dD2'I~(r 1C~li ilI \tS SI 
rL,(\'Jtls \titt' ( i "ttLV(.high itt~,\lltlS IirlaL qr'L withtt s( 't ill It.V [}(i .iCLL teightIilt J tt LrIOI ) littIL' Ilt~ttidll' t.l)()t
IC llts(ob[illld'(. f it% l|l l-I highIJil)Lp t h '1. At G.O, ((IL' (06((CL' hottst SitL'S ill tiL' SithL'],

IRtI lowlatdL tl-ili. Lattolh 	 Lh()ig VltitItdLuration vaturiety a l's . Illit t ((i IL'rio( (OW tL'tttIlerl)' S str t' 
(eL Si,d{'(i1ittt L's, itlll.i )L'ritttL' ]itt'et IL'Lhtt'' \'iL'Jd )()tMltitl is L IltII Jit short (S(o\\'JiiSl W 'er' tL'lII lls 	 t iVL'(I' 

,liith ((I' ]ittL'r, (I \iuL'(L, [pttLntlill licL \ih_'d ill Io LI;ldaL's ill S(IL)t'nIhLr). ItIti)(tItid|l 'iedS for thi OthLr 
Iaitos WL're LIriVl hs'sotdr rilditio. 

SL'dSntts s''IrL' I(ns', iiit 	 illtle holWetIL'rvlly SLCh its 4 1 

dry silSoIt ianI1d (L'Ss tlht'ttl SL'UnL t hail It he wet 
seasot. LOW\ \'iCL'LS W're CiLISL(d h\' hlt-il(LtuCL(l 

sterility and sh( rt rLOJ) LtraLNtinl. 
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I(URE' 9: Situltitated iotential grain yields (solid lines), and crop duration (broken lines) as dependent 
tl)(11 sowing date for tralnsl)hilted aya rice at four sites along the Niger river (means for 1970-1979 
weather data; individual years are represented by points). lnliaiced months indicate Comimion planting 
dates for the reslective sites. 

North-Soulh yield gradients 

SiuIulatiolts for theL Niger RivVr s'aIlle' illdiCatLd lower 
l)ttItial 'ield', hr the'OIr()Itheril locations of (ao and 
'I lihoucttu (> IW N), as conlpared to Nionlo and 

Nite' (ligure 9). lo) lurther ciaracteriiL, this N-S 

graditit, weU cottlhtre'dI I SiteS toeate.'d ill thle saMe 
river s\vtIl hetwen I I to 17" N (:igurC I(. 

We ltilnd that l)otL'ntiialVields fortllmain Cro)ping 

'+,ea,,tts (hit-dr',wet, attd Cold-drvj CtIsistel+\' 

decretse as latitude inIcreastS, ranging trout 4 to I( t 

vr lectare. lIhe causs for this gradient, h ,oweVer, 

were nottthe salmle or the different seasons. In the wet 

main season at lower latitudes, SuLCh as in Sikasso, it 
slightly longer cro) duration (ca. 140 (1),comparatively 
cool ilights (about 2 1' ( inininiuni tell)perattre) 
whichlreduce respiration losses, and thle ahsetce of 

sterility IuSeLd )V extr'lII(2lv high 1r 10w tIlltlrIeS, 
Ipertnit high l)otttial vilds 01 aroltd I) tha . lhe 

lower vieLIs athigher latittudes were due_, to higher 
ttlitltilluiitetllperatutres, which caused a shorter 

duration ad higlhr resl)iration riaus. 
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potntial grain yield of transplanted .Jaya rice and 
geographical latitude in the continental Sahel, 
',,laratIlyfor tie Inht-dry season (Ill)s), vet season 
(X'S), and cold-tlrv season ((I)S). 

Ihe h it-d\' ailId ((ild-diiv scoilsl wV' tonlld to he 
pIitCfltialless l'rOdtcti\VC thiait tile W\v.t I,,Scal)l 1.5 

I I No to 2..St ha 7 N),, luta052 Ol inure SC,(rC 
tlL-1,r1itl ,ol.st rainlt s. I[itl h -\. ol,, high 

Illa.\illitlill cI[ilIlcratil/'t that tall ilith the rl'C)lodtiVc2 
h,,, (April to \.tla\ rduc th diritioli t1th lin,.lar 

gHM\ h Ili d 111d ill utlC. turilitV, iIartinUlarlv in thu 
()rth lug., (111o lr radiatioll, ill til.,CS,. SIt1 LhO", 

Ilt)l it \ilds huta Sit., hilt tlr()Lglih ilill -ist01ilntll 
sh lr .'lio(lhlnring \vliCh radiation call Ihe 
itti.lot,,ud, 

Ill th (ld-,irv SaSoll, the (1hilti ll Ol tile vX)Ollrltial 

gi vslt phvl.,' is,,.uxt,.tddIh\' IhuV tul I tlt'I'tS illVr 
I )kui'ihi tI (uisaillgstow luaf-arca gr\th 
,1i1d lo\w light ilittrcl.,ptiol. 'Ilis is tollowed hby 
Il'istl dl(c,I lltd urinig il thraill growt'lh PhistZ, 
1.risu.d h\ hieat ill Mch and April. 

Ih('Si'.:,,al R -i, o N),rC)risClt.d ill this(ICIta ((d. 
stI(lh%us t. I Mi-,ai11d r(I), dcs'iatcsRosso ("igrC 

liirkul 'dr\ tIrm thtic N-S gl-adiCilt -,hoVn in I:igur' i0. 

Ihhelt-dr\ suasii is highly )ruldctiV\ I)ccaue tihl 
plHriliity (,Itile Sca iliOd.ralus air tl1l.ratolr(s, c,1en 
illMarcl to Itln. At these sites, lowever, rice douhle 

cropping lasud iii a ,ingl, ili'diii-diratioi sarictv is, 
diffictIlt Ir)'(aCIS 01 ,.tUiII([d dllraliOjl lOt-r()I) ill thu 
tlV\ ScSolI. Ill I)l'at iCC, tlhIrCIlVIll, ",llyv01I tile 

extreunc, high viuld Ittliill illtile IlOt-dlVr Season is 
hst ittaire'llls,, ShOlt-uthllAi llV.iltiCS Irl'l(Itlil"d. 

Synopsis ot Silllllldioll resIlts 

At all typilv cl ll-Sh.lial test Sites (Niar,.,\', 
l()mh()t ~ui,ind Miotto ()i tile' N''igvr' Riveur; , 

lkel oil tilt SViitgal Ri\uJ pOtCtiill g i ilaC 

in tile ll(t-drl\ sCilsOl ill tilei ",( A] ()l'," than \'L't sOil. ,
Iilely p]lllite'd \\vtl-"sV",(ll('(")I tiall\
) js i)Ot,., ill(l.V
 
is l lit

I)l'OdtliLtivC h ItIjI1i Iotspik(i.rt trtilit\ is thlCatilIed 
In, ,.xtr,.eliui(l,.ratlirv,,, 11rd ",!ill lillingq fall,,inito it 

favorable Iuriid lItlur tihu ,Csstiol01 rains,, a,,ocicittd 
\vith high Sltlar ridiatio, il(.Idr1lu ,tlatulll,ltcratll'Cs 
arid cool lights ill(thliur iI N \c'lllwu. In 11ll\ 

tili/C tIl s ,.lkiol viCll i Ottiltill illthe Wet sdOl, 
latC Illailtiing lillist IW'. jtdlh.dIC(,M,. IM\
 
tnLpcraturC's at th botilg ritlI lCtdiilg stigcs can 
taILS2 totA c'oI) dilLic. Ih1cold-dry' ',.asorI oifl(.ers a 
SlJ'.if" \iril I)tilItial ill11a111V \'iIrs, hll illtCr-Ve.lar 
variation ,.an he high. 

\C note that tiles(' r,Cilts dittlf'r tll the generally 
Iliurll j)r)dtltisit. 0l1dlV-,l'-sOll Cll)ps in onIllsoonal 
,\,ia, and CVCn to th rongIly C(_,nall ohse.,r\r'%d 

rlAOrf1 a1LC ,01 tile \VC1-aid dtrV-,,isas,'ni(e (no~S in 
Nigur. tir rusults arc I)latlsill, hwenuer, it we take 
ito aclltnilt that thu w t-sc l" (ll[.() I) ill Ill)llsolrnal 

ASia gCiierallv stlt.i I'nll loV sol'ar radiation, which is 
not (lie alsilth Sall(, and thal thu \,t-saSon riuC 
crOpl ill Nigur and Madi is much MOr' ,llCctd IW 
diC.asCs tHal ilt drv-silS,)n IOr)o. 

The sittlatioln is again ilarkudl\ dilICrilt tur the criastal 
,lirlntt, ill hIt (ult,,SCCgail Ri\s'i W\hciu tlie CoId-l'V 
se'aso)n is llot slit. h)ri'C (tlitiVat(1l, alflt therI1w 
highest li)Otultial viIds ar,.'ohser\cd in tlh lnt-dry 
sUason twlhiclh, as coilMartLI th)thu Cointinental Sal, is 
1it Vrv il). I ct('the maillli ,lstraiiltis riot siCd 
potential hot a Iong (ol dluiratioii illthe dr\s s,.casoi, 
which rund.rs riC, d(ont Crlliig CXtr.riIls' diffiCilt. 

VlCr, ricU (ohUhC ,.rO)jp)illg is )osihC,COilill.d 
animall tuitial! lbl\'WC,,n I I tviCIds \'ai la 1 (rinlg 
Of the Saharai du,,url,(.a. ]o N) and I8 t haI 
(transition 1o thu subhhuiniid n/11,,ca.I 1 N). An 
econll~llicalIlV ii iIOrtant ux.Iutirll With \',ervhigh 
potential yields ill bOth drs and \et sea)sis is the 
Senegal River delta. 

http:spik(i.rt
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()tl k for lIturc rescalc'h 	 (one intermedialte variety with stalhI duration) 
L1(icldiflg 11 th ,iL'iLLOL'()IH iL CoIIICXt. 

()iMr ruHIts sll.Cust thit ill arild u.nlViI'onm111ents SlC1 ius staItia proAgressll, hI en Ilade at \Vi ),\,ARIill 
tl1W Sael, a l ll .Vk I IltiiI lotI rice tIMr irri.}ated rTVIlt \ Iars,toWarls,ahiesii tllsh ObljCtiw. 
COlditiolls SitilIlot he taieln h0" grahltud - L.esI)itC 

the 1t)tLt11cI 0 ,'Ia1 olarLadiation. lhI, (3) The (,CVI )llfiiut (0t cropping SsteLms based OI aI 
,aliilitV oI the ),11l1 tO aILIIllt 1ili/, tileradiatiol is single, lIighiv lIrlrdtCtiV' rCC . i) iWr Veai 10r 

liiiitd I, SeVrIsI ill,'CL Inllills. Ihe nlost ilIpIOrlant /()ties ill the SailI that haV\U rInlvI ih and 
Sllstl ill , ,ar silik linlitatik) I .at- (1I l) loIs C Lr ' ll.1(1d-i (1ILL'i tCIlllpll'lt lires ill tSill ,(11Wi 

stC 1ii1\l, a I l lr ( ll llt .' light 11l11\s ,t alt Ill i5Cil , ll 

dIe 10 IIasttlICLI ,(i'., IplnIlt lIII It Ljt llstil, lhis oijCti\, rIllirLS lloreI-l LC tIMIA 
ALd I)I( (M1ii la,S all) I), , h.-,l arcaI Lv\ul'I()Ipllt reiillment hCause of littl Iast atulntioll. A 
at tle g S11 1 )tle II o )) lditi 111111h11 (2 IflilltilIg-tillIL L lndlri.al I))tioIISSLdiu stag C)lLI. lls. 0 	 lnLd 

al'iCtal iliratitnl (or I)IIOtotIlCrnlla tV))eS Cill he 
I hIs s, iS, ill L 1lhll Itioll ,\5011 I)l iotlS U OIIl IIIiC COllJdiLL'L.I W hIiLl Illigthi e. (IlllILLI With i 

St )LI I nlI\"SC (I tII )I(")Ihl \Sit t. ' (I Llifheru lnt LI )) gR I I illIttilL 51 I,5 )IIIat- ll )ihiit l. 

IoL doLMhIlI- CI)I)I )lg1 LIhLI'LlrI, il ditLrelIt /( MCU(I th,' Sill li t (M Cl 1os idie ,,VllhlitI Il 'ssistalIlce lot 

Sa lel 1.\ AIIlUeII I rt'-, IlUUI2 aill '(H ), Will gsir ',FL' fllill]g op)tio zs J' illi '. 
WAR \', a)I)IiLd rL'sC,ihl Ir irrig aItCd e C ill theL 
IltllI'e. ilL rL-StlltltSl ..,, ,t I(Ir (R.i. (4) hI. L)CSeI'hI)InllCl 01 L ( I)I)illg 5\'stCL1S hilaCd ()tl aI 

single, hilv ig rI (huII 'U ri'cC 1I)1OIxLr year where 
II I h e I')\ hCIIllInt I , ,lI L.lllIlIIIgO ' n10t til Lilhliate, Il)1tst1 iilIh L' t 	 ,,'at.'Lr aviliahilit\' alL/l 

i)Lk, LS that \,,MthILl C.Il lit tIiL Silp'erioIr .VilI OCi((lll(IllOiL LollNiLlraltiIollS, StaIl ;IginiIst I'iCe 
I)Ot~ultidl 01 r'i,.e d~lzhIC' rpfn ill thle dLOIhIC_' .rIpifIng . 

L.ilhtiCalhS lll l.(llt sI, ItilL1'lll i)l'tioulls Ot the 

SiaLI, where'r rriatIll WatL isAailalIh during I his hjediVe' has hUCil t)IIrstcld hv WARIA's 
IItI SL lS,. hwland hrwCding prgran ill IlaLil, aid it will be 

eXalIndeCd to the Sallel as aplrlpriate. \'egetable ori 

Ihis OhjC ti r'L I)LrC)laLIg, rIat~u 0InI)Ilasis ull wllat C)I'OliS Might be Lnsi(leIrCd oirhlfhurI'C 	 (r 
tie IitiLtCL'traillts 10 .\CILI,)Iarticularlv illtih after the riL crop .
 
W't 'LlsOll, tl'I i l IL' Lt fiLt l Ia ,Ulll
 

ad Lllla'vCL aritl resistalIe tdi .lseC,Slid) We are aware that these ItelilhinarV CO(IL'ltisiotIS l\L' 

as hlalst aML riC'.C\,IhMw ll(ttlC virus'. ( lnstraints', bieefl Li' l from researclh toots that LI1onot take int(1 

ill the Wet 5'Lil51 r'SClhlhC tlllse illth humilid accounlit all rIchvalt paramtet rs.(Clnipll'llentarv 

Z(IIi, hilt the t1r\ ',oL, I{l Itlil'e , %'l iL'S thalt arc StldiC (Ill tll 0lll.gClClllt OIfthe Inllturll IrSeOiL 

also (-(l)L toIcraill tll Ini sahne ha ,e hS hVC illitited (Soil COnISCulitil alid tleat SLIIiIg stage,. Ia ,. 

lleLlii'll-tit1 viet\ L Il he grOnVl ill hoIth rehiahliitation fIdegraded soils). Iltit cro p simulation 

SUeascIl if it LIIllil lL the ICIL',SSaV addaltatillS. Will ColltillutC to( guid us ill further relining the 
api))li.,Ll achiev,'i, g full researchIOoIClIets aid ill 

2) 	 '1he dLL\CII)IIIl'1t It01SlIStilllilL)[ ttcL11(Il4gv' Lolverage (If' thlLSaieL envir(Iilnent's LliversitV.
 
))aCka uS tlat W'I)Uld XILX)IIl thlL sIl)Iriolr \iLd
 
pIOteltial (I ri(e diIi(l plpiig ill /i .cswhere
 
tlL lilllatC is III IdLrat1LLd h th sea Mid irrigation
 
watur is not limlliting.
 

This jLL'1iU r'Loir"S a CIl ltilIlUd IL Is (Il the 
l0otlthl.rlal I I)IMOlOgical) resplmlse'I
 

geIItV\L S to , lillhI, inl OrdLer to LISLVIl oIptions
 
for either afhivuarital ,,'stLm (luL sShort- aild one
 
flediuhll-duratiul crop) or a mm novarictal s\stelll
 

http:lndlri.al
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THE CONSORTIUM FOR SUSTAINABLE USE 
OF INLAND VALLEYS IN SUB-SAHARAN AFRICA 
(.'msthati C.oorfillltil( ,UL/it
 

SEMIDETAILED AGROECOLOGICAL CHARACTERIZATION 
OF INLAND VALLEYS IN COTE D'IVOIRE 
IPN \ihmc/' . .'.'l() vail l)uiveloodon (..IV\),ald . hmina (('ltAD)) 

A gi cultutl rlsearch and develolment of improved 

t'c West Africl hy ligh spatial
Ll IloliCs ill is challengd 
111ldtcmp)ral variabilityv across agroccosystems. Ihat is, 

ai V 111d illl)ro0VCcd tcholo01giCs tcld torearch retults 

bW h catioln Specitic, anI ullikclh to transer to other 


ars1Cwithlin the hroad lgr(co(lgiGcal zones,. 
( ilaracttcri/ati n rsc,rchi is dCsigne'd tudescrile key 
] lrihlctC S Withit',1such 5litiMil vdi%'sitv iiil to classify 
agro(Wc (ssstclI si nilrit u's;it%ariu)Its scales, Sl;itial 
cl issiii (tioill, illturn, Iherhils th' ,.Xtra])o]ltiOll Of 
Iese'arch results to klown arCas and tilemore efliciellt 
tll,tillg )fnew tec illolgies. 

lIhe ( 'olortiumil lor gtstainahlu Use o1 Inland \'allevs 
conlucted se\ral chirActcrizatiol actiVities illIN94. 

h ill]lt'' illchuictcd recollniaissancUcharactrl.iZ,ltioll 
hdiana, Mali, and litin, s midetailed characterization ill 

iicrrl IlC, antidetileild charactrizatioll in Iturkina 
]aso. Selliitalildchrlarcrization in iwo key areas in 
(te k'ls\oirC was Coml)leted iln1)(4. One of the major 
ohicctivcs of1this project was to test tilemethodology 
dC'eeloeid tor tlli IU%'velcf;IracCtri;ation.ot 

Metoidohigy of'the inltiiscale agroec()! agical 
ckiracterizaiion 

Ihe objctive, i(ofi agroecological characterization is 
the cL)oimpreh'nsive description of physical tclimnate, 
lithl(hfogv, talitorfll, soils, aid hydlrdology) and biotic 
(kCgt,,a l inandld se par ne ,sof alroccosysiies. 
Lani[k, (p)rimlary aind secondary [rot~lln)is 
duscribed, includilg its soci(ooCnomic identifiers (laor, 
capital input, anid lmallagemllnt). The degree of detail 
LL)endRIs Oil the scale of characterizati n. A imnultiscale 
altp[pni]e I4as xcAl deve Ioj)ed I)c cILsC data cOi, ctiol, 
interpretation ald, later oil, planning, always take place 
at various levels. 

The multiscale agroecological characturization consists of 
four levels: macr) (sca es between 1: I,0t)(t,(l () d.i 
I:5,o(0,toU)(, reconnaissance (I: i(A),I)()- 1:25(0,000), 
seinideltailed (scales 1:25,0((0-1 :5(0,000), adl detailed 
(1:5,0))-l),000). lachI levl has its Specific Method of 
data collection and its own millnimull dlata set. 

Semidetailed charcterization 

TeWhsmidetailed charicterization uses fied surveys by 
transects and farmer interviews to describe the plhysical 
environment and land cover/use. We conduCted surveys 
in four inlalnd valley systems per key area, selected on 
the basis of the al;ic'ro-ciaracterization, recollnaissance 
characterization, and site selection missions. The 
ilvenltory bgan Witlh the ilter)retalion Of reetil aerial 
plhotogral)hs. In Cach of the identified \alley s\Sells 
four to five trlinscts were, sClcCLd lor field description. 
The transects cut across different valley segments, from 
crest to crest . Along with the varioLs land subelcients 
occurring illthe transect,,._,r;.d physical characteristics 
were described or measured, and soils were sampled. 
Land cover 1induse were clescrilCd for a strip Of land 2() 
to 400 itwide along the trasect line. [armuer interviews 
providCed additiollna linortaltion Oil)hysical and land
use paramelCters. 

fL 
comparison of different vIallevs or diffCrent land 
subelenillelts within vallevs. [he \alley Iottoml Ratio 
(VIIR) istilratio of the arca ocii)ied by the higher part% 
of the valley (crests, slotpes, and friutge:;) over the area of 
the valley hottom. It is a possible measure for the 
Piotential amlount of water, related to the total rainfall, 
that may flow as ruioff or as grotldwaler fron tile 
higher parts of the valley into the valley hottom. 

We quantified key valley characteristics to facilitate the 
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Crest Slope Fringe Vailey Bottom Fringe - StOpe Crest FIGUIE 11: 
Plijyal Phreatc Fluxial Phreatt pluvial .clieiilatic cross-
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Soils Land use Topographic features 
woodland 

<5% gravel S = sand and forest bn = banana - - footpath 
L = loam Stubland cc = cacao 

S5-1
5 

1o gravel SCL sandy and savanna cf = coffee - - unpaved road 
clay loam grass co = coconut 

15-400 gravel SC sandy clay and forbiand gI = grass and intermittent 

SiCL = silty forbland stream 
,40. gravel clay learn young fallow ma = maize 
hydromorpttc C = clay op = oilpalm field border 

.propertes c course old fallow o = other crops 
reduction[ r medium rtf = flooded rice transect line 

f= fine Li grazing land ss = shrublandproperties annual crops and savanna
 

perennial crops 

We llso cAhtilatetl hitd-Lse class ratios to express the zero in the absence of fallow, and 0.5 when f'llow and 
relative arCa of the individual land-usU classes over the crolIl[Led hInd cover the same area. Finally, the Soil 
total area tif the land siheleemtit. troH these Preparation Intensity (SPl, %),expressed is the area 
itlividual lal ( J e Ratito plowed or ridged, or where tnourds and soil beds werel-u,, laIss ratioS, the I Ilt(l [IS 
(IIR, it) '!i was calculated as the sntm 0I croplpd area, cotstrt ted, is a u;asure Of1land-use intensity. 
I'rel)ared tnl, grt/i tg land, ,Mi v1(1ng Iallow (< If 

'eats,, d(iVided I' tihe total area of the land 

soheletneCtI t. I;s' CxCIlilng the grazing attd young Results of the semidetailed characteriz.tion 
tallow cimt)t m Nlfront ilte lIR, the rate of actual in (Yte dI'ivoire 
Crol) cLIltivati ot ik expresWd ill the Actual lriiductioo 
Ratio (AIR, itt 'i,). Ie [Fallow Index (1:1)exprsses the We implemented surveys in two key areas. The first 
intltialtnce. of hllh il the rtltitg system. '[lie Fl is area is located iear Iotindiali in the Guinea savanna 
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TABIA. 4: Selected physical and land-use characteristics of valley systems in the Boundiali 
and (Gagnoa key areas, (Ceted'lvoire. 

Bound1(iali Gagnloa
 

Schist Granite Schist Migmatite 

lhysical characteristics 
\veravge Width (1): 

t tal vallt'v 1646 (_+477) 1383 1+354) 842 (+104) 980 (+249) 
creLls and slopes 704 (+189) 571 (+238) 309 + 124) 39) )_ 189) 
Iringe' 32 )+37) 33 (+33) 4o 1± 42) 54 )_54) 
valeh bhottol 42 (±27) 31 (± 34) 157 (±58) 1(05 )± 60) 

Valhv bottoml ralio (VHR,-) 64 (±51) 81 (+55) 5 (± 3) 13 1 IS) 
ihloe gradient I) 1-4 2-7 4-10 4-12 

l.and-use characteristics 
Il ld t'W Ratio HIIR, I,,) 
t0'1Ilvalley 28 33 76 61 
tr'tSI 17 24 75 44 
lopes 30 32 82 63 

fringCS 11 42 83 71 
valley hot toms 28 46 51 so 

Act ua I Lroduttiofl Ratio (APR, %4) 
total vallcy 1 11 53 33 
crests 4 2 24 25 
slopes 11 11 65 35 
fri nges 9 8 63 34 
valley bottofms 20 28 21 30 

]:,h w ]'lde.X (:I, -) 

total valy 0.75 0.71 0.31 0.5 
crests 0.89 0.96 0.68 0.46 
slopes 0.74 0.71 0.21 0.51 
friinges 0.53 0.85 0.25 0.55 
valhlev h tt oms 0.32 0.4 0.59 0.4 

Soil I'relcaralioll Intensity (SPI, %) 
total valley 75 62 0 5 
crests 62 100 0 1 
slopes 79 74 0 4 
fringes' 19 76 0 9 
valley bottoms 50 13 0 9 

S-177): tildard deLviation 

/(lie (growing period of 165-270 clays). The second agroecological subunits: schist and granite ill 
,rea issituated in the equatorial forest zone (growing Boundiali, and schist and migmatite in Gagnoa. 
lriod > 27)0 days), nemr ( agnoa. Both areas have tile Information from the individual transects was 

Same total alnlilal J)reci)itilation, about 14))0 mim/year processed into agroecosystem diagrams. These 
in B1u(lia]i (a I11onoino1dal rainfall regime) and IS))) diagrams show a cross-section with a number of 
ram/year in ( agnoa (a bimodal rainfall regime). physical parameters, and a map showing the actual 

pultinI en itVillthe(agnoa key Site (20-35 land use. An example is shown in Figure 11. 
l)ersons/kmi-is higher than near Boundiali (<16 Information on individual transects was then 
l)ersons/kn2i. Using the reconnaissance aggregated to tile level of the key area. 
characterization, we subldivided the kev areas into 
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THE INLAND VALLEY CONSORTIUM 

The Inland Valley (onsortium (IVC) was officially estallished on the first of April 1994. Preceded by two years 
of intensive discussions between national and international agricultural research institutes, several workshops, 
and a pre-project phase, funded by 'The Netherlands. The present members of the Consortiulm are the national 
research institutions of Ilenin, llurkina Faso, (6te d'voire, Ghana, Mali, Nigeria, and Si' rra leone, and five 
international research institutions, the west Africa Rice I)evelopment Association (WAI1)A), the International 
Institute for Tropical Agriculture (lITA), the 1)1.o kvinand Staring Center (SC-I)I.O), the Wageningen 
Agricultural Univesitv (W%7AU), and the Centre die Coopration Internationale Recherche Agronomique pour le 
lveloppement (Cl6AI)). Because the Consortium is an open structure for cooperation, new members are 
expected in the near future. 

Consortium oversight is provided by the Steering Committee, which obtains its executive mandate from the 
Annual Workshop. Daily management is carried out by the Consortium Coordinating Unit (CCU). 'The CCU 
has direct links with National Coordinating Units, through National Coordinators, representing the involved 
national inst it utions. 'The CCU is responsible for fund raising, while the Steering Cc(mmittee allocates budgets 
to Consortium activities. The CCU is hosted by WARI)A, in NI'be, C6te d'lvoire. 

The immediate objectives of the IVC prograim are: (I) to develop a structure for cooperation between NARS, 
ICAR, and other institutions; (2) to develop common methodologies for research, data storage and 
interpretation, and the exploration and transfer of results; (3) to implement complementary multidisciplinary 
agroecological characterization; (4) to develop and test improved low-cost water management technologies; 
and (5) to transfer and test at field level improved agronomic technologies in inland valleys. 

In 1994, the Consortium was financially supported by the Government of the Netherlands (l)GIS). DGIS has 
committed to support the Inland Valley Consortium during the first five-year program. In 1995 French 
Cooperation will also begin funding the Consortium. Also for 1995, the 'Technical Advisory Committee of the 
CGIAR approved the Consortium program as one component of an ecoregional initiative for the humid and 
subl-humid tropics in sut)-Saharan Africa for which IlITA is the convening center. 

MAJOR CONSORTIUM PUBLICATIONS AND REPORTS 

UP TO THE END OF 1994 

Puldlications 

Windmeijer, R.N. and Andriesse, W. (Eds). 1993. Inland valleys in West Africa. An agroecological 
characterization of rice-growing environments. Publication 52. International Institute for Land Reclamation 
and Improvement, Wageningen, The Netherlands, 160 pp. 

Andriesse, W., Van l)uivenbooden, N., Fresco, L.O., Windmeijer, RN. 1994. A multi-scale approach to 
characterize inland valleys agro-ecosystems in West Africa. Netherlands oralou/AriculturalScience 42: 159-179. 

Reports 

Windmeijer, RN., Van l)uivenbooden, N., Andriesse, W. 1994. Semi-detailed characterization of inland valleys 
in Ccte d'lvoire. Characterization of rice-growing agro-ecosystems in West africa. Technical Report 3, Volume 1: 
Main Report; Volume 2: Basic Data. SC-l)l.O, Wageningen, The Netherlands. 

Van IDuivenbooden, N. and Windmneijer, RN. 1994. Manual for semidetailed characterization of inland valleys. 
Characterization of rice-growing agro-ecosystems in West Africa. Technical Report 4. WARDA/IITA/SC-
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The figuires in Tlh.ble4 show average values arid 
variahilitv of valley system characteristics at the key 
area level. II the Itoundiali key area, tle valleys ae 
riirrcII Wider than in ( agnoa, inl accordance with the 
viariots draitagCe desities observed ill the two key 
ar.i , lie \aliley bottoms, however, are lmuich wider in1 

iag la: tire \VlR ill (1agIIO ranlges from s to 13, 

whereas1 illBoullidiali the \-R varies between 04 and
 
83. Mtoreovel', srlhv ,,lsare steeper ill( agnOa (4-

12") than ill Iouitiali (I-71). 


lable 4 does I/ot show all ditlererices folind illthle field, 

:or ilnstanlce, valley t)ottoris in the Bouridiali kev area 

hiaVe a stelpd l11gituldinld pIolile. Inl parts of tile 

,re\'NSI"tts incised strmis were
latiVly deesIr 


ho~ld, re's~ldtilShort lhoodiIg Iperioid, itfh00ded A
ilita 
alt. Il ( lgnoa, tll sstem s [navethe \';)lie a sroiroth 
lh(itudinal prolile. r ilsMar BtouliaLi all have a 
colilMi topsoil, \,heelsW near (a';gIl, tile 11iiCrSoil 
structure is riurci strnmger, resultinlg ill tow compactionl 
of1 the to)psoil, alel clearing tile vegetatiir. 

i1 lrhysical 
agrgelogit'A sutbunits are much less pron ounced than 
betwUen ulits, hlt the\' do occur'. In the Botrridiali key 
ara, for ilnstalce, valley hottonis inl the granite suthunit 
have a lonlger IuMiiid period than those ilthe schist 
irei, hecalrse of the greater ithologicallv iridiced 
irltUrfiow frori the unlaMids. Because of their finer 
textIrre, the soils formed inl ScliSt show higher orgalic 
rMatter COlntelt', cC0rrired with soils flInd 1ihranIite. 

I iiffererlces characteristics htVeen 

A riumiler of Iland-rise diflfereces between tile key areas 
were alsO Observed. [Ior exaMiil)ie, land use in the (agnOa, 
key area is mich mre intensive (average I[JR: 02-731 
thant in llrrUridiali (I.LR: 28MI to 33%). The LUR values 
trt tie diftererit land slielerielts siIw that slopes and 
fririge.s e rlr( rre intensivelv used in (iagiloa (LUR range: 
0A-83iN,) than in Ioundiali (I 1-421/). Farmers in 
lBrinidiali llppear to prefer clti\'ating valley Irittorns. 
This is particularly apparent from the Alls. These also 
sho\v OW sa tres for the crests, most clearly inl the 
htmndiali area (APT: 2-41Nj. 

ecarIse rfthe hi er lald pressure in (jagnnoa, less land 
rerriairis trrder fallo\ than in lruridiali. FIs vary 
behtween 0.3 1-(0.501)in (iagnoaarid 0.71-t).75 in Itoundiali. 

A striking difference was foun inrithe soil preparatirn 
index. Probably because of tile more compact soil 
structure, between 62% amnd 75% of the area under 

cultivation illIBotindiali was plohwed oI ridgedl, or 
inounIds and beds hal beel constructed. In (agnoa 
only fiVe percelt Of 111 fields showed this kind of land 
preparation. 

Conclusions 

The semidetailed characterization is used as irelatively 
rapid appraisal for collecting information on variable 
inlald valley agroecosvstems. 'lhe results of our 
characterization activities it1the two key areas of (lte 
d'lvoire show that the metliod can he an effective tool 
for describing Md analyzing differences hletweeni 
inland valley agroecosvstetiis, aid hetweL idwithin 
agroecohogkal Subunits. The tested methodology will 
be applied il the national pirograms Of the severn 
consortirrm 11111er2er COunltries. 

\tliough this level of detail is far from Col Iprelnellsive, 
particularly with respect to dvriaiiic pricesses,erimugh 
inforrniatiori was collected to guide the selection o1 one 
inlald Vallev svsteritir subsequent More detailed 
characterization,. Ire detailed chaiacterization Wrill 
prrliduce information Oi v'ar'ialbility and dynamic 
corinponents. It will also show whether describing 
only four to five transects will be sufficient foir optimal 
coping with the variability at the sernidelailed level. 

In 1995, detailed agroecological characterization will 
be carried (Lit in one inland valley system illeach key 
area: a schist valley near ltotrudiali arld a rnigmatite 
valley near ( agnioa. These valleys have been selected 
for their representativeness and their potential for 
increased sustainable agricultural production. 

The characterization of inland valley agroecosN'stems is 
not an objective in itself. The knowledge gained from 
these activities will form the scientific basis for 
implementing research on1water maiagernert 
technology development ard for testing existing 
improved agronomic technologies. Irforrmation 
collected by characterization %Villhe used to describe 
the agroecmisystemims. A numher of key pararneters, 
however, will le used for devehlping a generalized 
typology of iriland valleys. This typology will 
subsetqILnently serve as a for guidirig the1tool 
development and testing of new technologies. 

http:0.71-t).75
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SUMMARIES OF RESI ARCH ACTIVITIES 

UPLAND/INLAND SWAMP CONTINUUM PROGRAM
 

M (st of tilu rice grown in thu 
hoinid and shlNmid /OIus (f \\VWst 
Africa is cultivated oil small fields 
With loW illillagulneliUlt ill)LItS. S cI 
fields Occupv IaIrowV, h vdr(Oh)gicallV 
Variale, traMlitory ,gllents of 

topsiluenc.s, therebv depending 
on raintall and th, water Ilov_elllt 
within siliall watu.su,.l,. Ihis 
c(mleh.x and higIl\ diurs, 
unsironniunt stands in marked 
conaSt to tih11V IlonlogulluOLls 
floO(dlhains asso(ciatd Withllmaj()r
rivurs and their ulla rugion, in 
Africa an1d Asiai. It call onIll be 
ondurs(ood thruoogh an in1tglatud 
nmlltidicillihllrv l)I)rOail that 
caruhillk' ,(ollSutu.rs Ile scale 
speciticitv oIf iioplhysical 
phuiloillnIa on the (lie hand, and 
tle di'ursitv and inturtwinednuss of 
farlr.rs' objuc tivus on the other 
hilald. This was the kas'c ratiolnlu 
tolr W\ARI)A's deciSioil in I089 to 
,airs,the raintUd lowland, 
Wiasoniallv l\'drolrtll)ic, aiid flrC-
dtraining Iph;lilld uCOsWstIlns 
tilr(I)gh one clll researchie,.l 

effort, the "(oil tilli(I1ll PrIgram", 
which e'ncopll)asse's about 82% Io 
riculands and 75'N of rice 
pro).iuctioll ill Wist .-\Irica. 

Fach (If th program's five main 
i)rojucts cots ac'r0oss the diIiIrLt 
ecOWsstlls foillid in ihe 
Colltilliltll1: thilaglro(iological alld 
'So),iOC)ol.ofiiC characterizationr 
pro)ject, the croplpling systems 

pr(ij'ct, tle soil fertilit\' 
IInlll cli'l1tproj'ct, thie integrati'd 
pust managemen't (IIN)I project, 

and tue varietal ill)rnprouCi'lt 
project. lAch Irproject il(volves a 
rainge of disciplines and includes 
)rh(bl'i-Ori'il tt'd sollI)rOjUcts with 

uXl)]icit tilntranles anid ()ntl)lt 
lfrojectiom. 

lie sar 11)4 saw a cO(nsidlrablh 
e.xallsioll of th, disciplines 
involved in the ( ontinliluil 
Program's resuarch; thu illvigoration 
of,WAR).A's agrouohlgical 
characteri/.ati l p)roject througih lhu 
uffuctivu ustalishimunt ot thu uross-

ilstitutioil Inland Vallev 
(:oIsOrlitlill IV(); and the 
aciViti(i~ Of rusUaIch ill a ntLnll)r 
(fcrucial snl))rojucts Which will 
increasingly define \\'ARD).A's 
resuartCh in thlle Iudiuln tur1. 

Al (OIfthe ( oi1tiMIL(m Prognam's 
)rojucts iilufeitid fro)ll the 
sucondlmnt of a pihysiologist from 
(lRAl), although his Illiiil riesearch 
focs will hi on varietal irouught 
resistance and the characterization i 
Of dir(mLght-Jr0nu un\irollnllunts. 
Aln [(:-fUndidilydlirdogist joiinid 
tile program to p'siti' crulciai 
research links between the crop and 
thie' dynamics (ofwater rusources 
along toln)suILnunCUs anid ithil 
watursieds. An ()l)A-tnlded 
numeiatologist will fill all imlplortant 
gal) in our knowledge oil the 
interaction OIfsoil-(ori' Ililllatoidis 
With d]boV'2-glr()und bio)tic s'..('SS(2S 
iand theh'CdahiC Mid Cltura-l 


ili'tCIrlllilaltS. S,\s\'stlllls aial\'st 
Mas icruiited aiiId aili' i)rograill 
leader to lielIill intigraling 
discipline- and scale-specific 

ci111)onei'ilts (If rusearclh, tlei'byh 
introdluci g svstens research tools 
such as crop and resoulrc' 

modelling, geographical 
inforlation systies ((GS), and 
rIlnOtu suisiln. S\'steiS resiarch 
Will Alls lrinsO illl)(rtallt links 
]hlUtw'e WAR),\'s dUitih.'d researci 
Ioci adili th' IeW,w(ios OjjtiV'. is 
to dueelop a masterph for tIhu 
dffCtophl1C.nl o1 illddntalluvfs
 
IasUd oil the utun'iVu ugiounial
 
claCturi.,atiOn 0f waturshds.
 

iroibabl' the mlost significant 
highlight of 1994 rusuarCh in the
( oltiluumll Irograll, WARI):\ 

sciultists lifted thu lid off a largely 
ignor_'d black box, tile 
tiiunexJ ctu(lv\' ridh gi'llil)oIl (If the 
African inldigenous ricu species 
)oI,11dcri11h.(V), 1or the first tine, 

this sIucius is 11()\' huing fulls' and 
systematically characturized for its 
cultural, physical, and biological 
adalptations. Remarkabl. 
adllpation to biotic strusses [las 
ibee ricu \'ellowI revealel, such as to 

lmottli vii-uS (,\IV), blast disease, 
he .frican rici gall midge (ARGM), 

anid weed conputition; and to 
abiotic stresses such as drought, 
acid oxisols, and iroll t()xicit'. 
Mloreover, improe'diet iods (of 
intersliucific lyhridizatiol with 0. 
Saliva aitldjpted by WARt)A scientists 
nowiseen tol imake,p)ssible the 
selective elimination (If traits that ill 
the past Iai Ii''iltid tile 
imp(roviemenilt (It (). lblbrima: its 
characteristic [)ral1'Ic pllicle,il1g 

which severely limits yield 

potential; aid graill slattering, 
dorilancv, and Idgillg. 

Signilficant pro'russ was alsol made 
in thie characterization of a well
developed [llt potential l y 

http:dffCtophl1C.nl
http:farlr.rs
http:ollSutu.rs


WARDA ANNUAL REPORT 1994
 
RESEARCH
 

vulnerahle equilibrium of natural 
i)est-co(ntrol mechinisns illtile 
ulaind; the (t.evUhI)lnert of a 
nuetwo rk 01 kuv sites representinl g 
imlOrtlant agrtnuOcClogical and 
SCci C()C I(Io lliCitc 'ilVCl 'irolllllllitat 
Whith \'ied gllS are studied and 
tLlhn(ologieS tested on tirie'rs' 
lills illcollaoraltiotn with NARS; 

and the generally increasinlg 
interaction butween WARt),A's 
station research and task torct-
hased research itN.\RS sites 
thrnilgu¢t the region. 

Il I 995 we will furthUr shair)enl o(ur 
foclS on1 key research tasks, and we 
will streiighlhi our tollahoratiojn 

PROJECT 1: CHARACTERIZATION PROJECT
 
rn( i 

iiplaid-iilaid swanli coltilitLtlll 
ar_ highly diVerse. their potentiat 
lor lo ictiol is determined iy Ille 
it(.rplav of many factors, iiCluding 
gelo , climate, soil tIpeS and 
h.drolgv, vegetatioll, and a range 
ot Socio(,cVloC Cic actols. W\"ithin 
these co(svstelns, larme'rs, have 
de2velo)ed a1Varietv of rice-based 

Ilhric- wiV, tt)s\oL',StCIS (Ot tlie 

cro)ping sVstems thalt tI)icallV ctt 
across tol)OseIjUMl's illthe inland 
vallUVs. the devloi)l it of 
tcll CI(_gies for these farmers 
reuireS a tlh()iOhgli Mderstanding 
Of tile andSCcioeCiCiOMHIic 

hi )hvsical ciniditiomll Lder which 
thT opurate, aid of 110W til\ 
purcive risks and employ resou rc(eS 
to acdhieve their multil)e. objectives. 

lo appropriately prioritize and 
aggrCgate research objectives, ill 
1990( \VAI(1)A initiatud a 
iiilltilisCil)liniary charactUrizaltio 
pirject that addresses rice 
tro cthilltolenvirolllllltS, at tile 
detaied micro (key site) aid lliacro 
(stirUgiollial) s alUs, and On11tlse 
sCcio(COcmiomic aitl i)iolAhysiCail 
lxels,. I10v011d the inilial plhase 
which included literalure and 
survev-basud i vellOries, this )roject 
imiov'd towards dLailed analy'ses (0I 
farmers' C)hjucl iyes and erceptioins 
(Of I)r(CLCti(oll constraints frol 
1992 through 1994, and towards 
Cufaril yield-gap stIdies ilaI 

relresentativu key sites in 1994. The 

s)CiociOenolc ail SCSdlrilg 1994 
ltocused in ti technical fit and 
relative lrolitahility of rice Svsteis 
within existing Irming Svstems; oin 
gelnder )les illdiffUnt rice-
production wSvteis; and on farimurs' 
IXrcptiol Of hiotic Lollstrailits to 
rice production and tileControl 
options they know. Btiophysical 
cliaractUrizatimi stuties ill1994 
included the inltegration ot 
researchers' plots into fairmers' fields 
having different cultivation histories, 
illorder to providl e a tlie dimension 
1( tihe observed yield gal)S. 

From 1.995 onwards, t, 
characterization project will work ill 
close collatoration with the Inland 
Valley Colnsortium (IV(C), a multi-
ilstitutional eco)regiorial initiative, 
ili order to systematically raise key-
site-based knoVledge ( tileregional 
level. Ilthis activity we will 
spatially project and ove'rlay 
enviroinment tloVl)odgies ill toorde.r 
identify e,,,ironillnelntswith 
COllll1()l features, for whicl land-

scenioHs are then e'valuaLd bV 
simulatioln and experimenlation, 
This program, which involves the 
NARS of eight West African 
CoLntrius, liIA, C.IRAI), and research 
institutes al Vaglingeull, ailms at 
developing a master plan for tihe 
sustainla)le utilization of inland 
valleys ilthie region. 

with advanced lesta h enIIiti rs 
abroad, l)articularly in [helllds of 
hiioteciinology, S'StmUlllS I't.S alh, 
ain..d theiil inageellt of, soil 
fertility. 

_91,
 

Effect of'cropping intensification 
on constraints inLlilanld rice 
\I. Btecke, F. Ih'iiricIhs, mnd ). lohonsm 

TIraditiolal ulInd rice-based 
cropping systems il \Vest Africa rely 
onl extended periods (of hush fallo 
to restore soil fertility Mnd )revent 
tile huildul) (f pests. PIo)Llation 
gl'o\th anid liild shortag alre 
forcing man' ilarlers to reduce 
these periods as they intensify their 
rice production systems. Among 
SutVey'd firnlelS in tileforest zone 
(f C6te d'lI'Vire, fallow length 
decreased fr(l i ab(ul 12 years ini 
the mitd- I98ts (extensive syvstem), to 
typically six \'ears at prusent 
(intensive svstelll). Illthe savanna 
zone, the 11u,1111)(21" of successive 
cro)S grown1 be(fore leaving the land 
to fallow has increased fromn three 
to five illthe Sme Ierio)d. We 
lypiotliesize that intensified 
cro) ing will lead to higher weed 
infestation, lower organic matter 
c-ontent and nitrogen Sutlpl ) ' 
capacitV, and imV illIelce illsect 
)e.sts and their natural enumies. 'To 

test these hypotheses, we conducted 
diagnostic studies tturilg 1994 in 
three agroeclogical z/ones ill(6te
 
d'Ivoire (lhumid forest, forest
savanna transition, and moist 
savanna). A total of 116 farmuers' 
fields were inclided ill the study, 
representing VaritiOs fallow lengths 

-35 years) and a rlnge of 
precedling crops. 
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clttcrltic t ilc rtsulis )1ritct 
tileailfllicatinll of lilill ltal llit'ogltll 
tI() kg N hl') 11,d t) illl)roO ,lv , 

ii hll(v 

Weel 
Coltrol (hand wUtldilg at 28, SO, and 
84 days), l4Sjdlr-1nagctI 
StldhlotS WU r1,,criMil(OCtl M(tI 

(ioll jarillg field following long and 
sh rt ,allows, we obsurv td that Weedct 
hnlviass ill the forest /oil(! illd torest 
s,n'a igitiih ant]v. increcd Wiili 

t lcrping ShortifltllSifi';Itioll. 
tallow ficiM , ill th itrc(.,t Zone were 

,farnlers' fivls. IicC growth 4ldn)11ilatktl -1. bir4 icIlCtil ,.kciC (e.g., 
Vield lai.lllte'rS \,elc r l'(cICI, il 
w ee'td g row th I ,,1 5 t.i ts com po s i t i o n 

lild I~iOllld',1, Td itwalst,rilC 
illItr\'l. l ct 

tht rieCa n)+jW Te ,,ttIdied1w tile 
IISc(2 s01p HIic Sj(4 

tnl0 hI115 l',cLs (",t1 ill 

S~2let110S, aMidi 
cilll1)iOsitio(ll all danlleOf Stei) 
hoI we t tetrmined by1\'pV1llant 

disscctioll aid tie ilncidCLc' (t dCitid 
hearts. It feulilg waS r l1\'IC)rtl 
as ,SSilg[erccntagC (I dfhliation, 
alid Irllltt dt ll lgC Was a s ssed 
Visuall l'.IrUtlacVO,(5I arthI ()l r(((O Swerec 
('alight ill lpitfall tra;s allMd COtllltlec. 

(.Iiio I, CIIihI01/0101(6, VIL'i""s 
,uN ', ,.M f , Ihlp i v , h l , l i t,i u , 

,*lmho<qsi(,ol) chnniltt ill the 
,Sd\\4 ll l. .\dllt I)OI)Ildtit l' (01 tile 

in',ect lWstS I hi ,iSiS Wpi.werCgrlcit 
ill tile [fo rest t l il) tile forest 

salVnlllalil /)lIC aid, altillg With 
C4ltadil ireclacet ('IIUS arthr()Lsi , VWl(t 

ltsitiv'lV COtrrlatctdWith tillOW 
lclgtlh. Iitrnisiticatiojil Of nlSlilltl 
rice-h]sh fallow rotatit41 svtenls 
(< 5 Vear-S 0alloiwo > 3 C fIll etltiVe 

ro l)) aroiC SSaZgriIc o)lOgical /(OIcS 
allt I2l\VirlOllllellts was IS(.Ci;)ltett 
with a sigllificant clCnliuc ill grai) 
viecld, colmparecd to traditional long• 
fallow systems I> 6 y'cars fallow or 

IGURE 12: Rice yield reduction and yield gaps in intensively 
cultivated upland and hydromorphic ecosystems, as comipared to 
extensive cultivation. Means across sites in three agro-climatic zones 
in C(6te d'lvoire, wet season 1994. 
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Burning of the vegetation aftera short fallow 

and before sowng of ocejn the homidforest 

al4je4Inear Gagod. Cote d Ivolve 

< 2 c015UlltivtU cr( . .\cross tile 
t hrcc /llt'5, nlirogeli ,1))lic ti10n 
U.tl Itl itil Oglal l lc4)lliltr)oth 

glk-e signiicanlt ilc'rcas S ill yicd
 
' 
ali' Iarllcr S lCVIls. ,icc il' tile 

ldvcronlorl)hiC /0110 tIctct to be 

IIIOI1,2'etspliusivet to Illllla:gelllvint 
intcrve2ntions. ( rail 'ields wcrc 

incrcasetd I'hadditionalI wtcditig 
(explainilg al)(ot 0()t of tle \'icld 
gaplbetweeln short- and lolig-fallkw 
fielCLS) all1 W thie ldditiol ofI 
litrogel Iexplaillilg aoutlt 31I1 of 
tie yild gall) betwecn short- and 
holg-fallO(w fit_2lts). 

Combining N application and 

adlditional w.eed c,41ntro(l ill ilrtelSi\'e 
systems rcsnlted ill Victs Sillli lar to 
those ill extcnsi\c I(velg-fallow 
SystelII5 with l.If lla lr Iliatlagellelit. 

We C()lIcltlcle thait fIl tur StrategieS to 
allow th sustailnable intelnsification 

Otf ti fallow ,"IOS IStCISShould aill) ;it 
soil f lit ',n l\ ti_'llllV lIill i 

fLppetiity articlan rlv 

Ill'Itter' illit fl(g'l 

Icolntenit. Tis Illigilt he achieed 
throtLg thC illl)rovClllInt o, fallow 

ltllitduy \'inwtrocing fast-growing 

ccr legumlies. 
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Modelling income aind risk trade-
otf, ill crolping systems of the 
savanna zon ((cteIt" d'h'oire 
.Ii. l . 0,1 1,.()Itatari 

Risk atd tliicrtaiIt' MVrli)raSi\e 
iaraIttriti"S Otagrictiltnlral 

]prI)lOCti)ll. FarmerI]>s lace a nltth)er 
Of threatening i)iol)htVSiCal factors, 
SLIth S1as'sUere Or ulnusa,1l weather, 
disVs, pest inltstations, changing 
etrto'i+nitc vnvirmoinietnt, 
introdnLctiot 01 Ite\V Trol) 
tecium(logies, mul'rtainties 
Sirr()uit.lil g l)ultic in'itUtio)ns an1i 

their policy implementation, and 
chilanis in factor aitd lroduct 

prices. In West Africa, the lack Of 
institutional innovations, like crop 
intsuirance, disaser playmtlts, ald 
eiiergeincv loanis to shilt part of the 
risk to the l)hlic sctor, makes risk 
itlalltaelltl t a critical part of 
lariters' decision-itaking. Farners 
in the saanlllla ()nte highfaLce 
rainfall risks,,vet vry l\\'studies 
have Io(oked at thle relative income-
risk trade-o(lsf Of crol)s cultiv\ated ill 
this Zone of West Africa. 

lo better tiderstatd tle elfects of 
rainfall, Vield, il price risks oil 
the (O)timalcropping patterns il 
the sa\'ava ( z(mle (f (16te d'voire, 
w\e used risk-programtling whole-

, ,Sowing re 
Shortly after the 
fallow vegetation 
has been 
burned in the 
hunild forest 
zone near 
Gagnoa,Cote 
dlvoire 

larm tttdeils in 1094. lhe models 
inctrl)orate farIters, risk ae.'rsionil 
iilldiiCUS Milndilatriit-rSttnrC LISaltd 
crtpping latrilS. Il)atla r 
dv\'t-'hl)itg h111 Mit.il, were 

collected trt atcost-route survcv 

of a.representative satle iif 85 

larlll
iinsehulds in three' villages. 

'lhree villagesC with dillerent 
clharatetristics \\'ere colsidere(: 
\hlegnl village is located il th 
drier Sud(lanian Z0(11, while Napi 
aid Sirasso villages are located ill 
tile ( ,uilel S;Ivantltl:i zone. Napi is 
a villaig W'ith very hitgh It)Oulatio)n 

leiisitV (.SI pers kin-2).Sirasso and 
\llelugle have 10W p)l)olati(It 

pressure, With 14 l)ers kill- 2 and 12 
purs kil 2 , respectively. In additiotn, 
Sirasso aiid Napie have ac'ss to 
irrigation, alithough the irrigatioin 
capacity is higher in Sirasso. The 
damIII in Napie is small, and farmers 
often facu high risks for the sec.tid-
seaso)n irrigated rice crop. 

We developed representative farm 
Models for three t'e)sO tl larms 
found illtile svalima zone: hlan+l-
tillage, oxeii-tiilge, and tractor 
farms. Time suries lata oil yields 
aid prices for all crops were used to 
derive the income .listril)utiomns of 
varioLIs Cr)) eliterl)riseS. Based oni 
the .listrihuti(1( (If I)(tl prices and 
yields, the coefficient of variatio)ln of 
inloles to each enter]irise-which 

RESEARCH 

gi\'es Ill rlaid risks ops iIIy f t 

1 ,1' 'illg - -\vastiet r it ied. \\'e
 

1I1LI that ntaii, has, the highest

ilIl(lljc risks acT ss all tie villages,
 
fi)ih) 5hthe ,tC()itd-se.l(In
 

irrigatfd ric Cr'l) illNapie. 

VaiidatiO(n tfttttieil rehults slhowd 
tHat tile Cialihrat1lI lItS IIttd(I l 
ClOhs.,IVl)r di1t r'1.' )illgt,tl)h 'oh e'l')n 
patter'ns. Risk-elti'ilt croppillg
 
laitterIis Were lte ,.leri\Vyd, [ased
 
oln farnters' risk aver,,ion: risk
 

lieltral, itiCIle'atLIV rik aserLSe, aid 
risk averse. lhe results ShIOw1.d, in 
geiteral, that risk attitu(des altfcct the 
choice Of Olptnal risk-ellicient 
Crtt)piitg I)alteilS ai. thit 
Sigiilitail It.'dlicti(oll ill ilcoltte risks 
(iltldincreased ilteltlne gi nis) cil he 
iMt(I. hv re-ilIGI.tiill (Iftile 

existing crop nix to tite risk
eflficient po.rtftoli) s. Risk-averse 
larmers sharll)i rldtic colliViltiol 

of mai/ze il the risk-uficient optlimal 
sohntiolls aid r-alt)l'ale to cropi 
portfolios that give lower income 
risks for the farm. Itngeneral, 
exlpectel incomites and income risks 
follow allilIversu Iatteril istile 
le'vel of risk aversion increases. 

> 

For risk-efficient soIltions for )llth 

ntial and oxen fiarmls i Napie, it 
Was found that tile cultivated alrei 
illthe secotntl-season irrigated rice 
crop declined for highly risk-averse 
larmers, reflctinlg the higher risks 
(of tile seconl-seasoit cro) in this 
village. 'Ihis result suggests that 
farer'I Il(Ilh are cLIr'rlltlvl 
cultivating irrigated rice in Napie 
are most likely to hake h(ow levels of 
risk aversion ()rt(ohe risk neutral. 
When the reSIults (If Napie and 
Sirasso are taken together, they 
imply tlat given the iltoniodal 
rainfall iatterns ill th' sa\vanl 
zone, farmers w\'hi) live inareas with 
good irrigation will cultivate the 
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secIId-seasiSI rice Croll; hut in areas 
With liiiited water capacitV, dotble 
Crop0))ilug rice ill the secoId seaon 
hecOnIes a highly riskv dcI.-isiol, 
andt risk-a''ers'e tannrs will reCdntCe 
coltivated area Or ahlaidol the 
seCt.uitt-sesoll rice Crl)j al1together. 

tartner's ma\' he il111,h)C to atjust 
their ,ro iii palttervs t0 the risk-
elticieit [>Orttolio nix ttiie to 
inlt_'rfeAt itiaIlt+tio,, ot tile 
ttistrittiol O relati+e income_ risks 
Otva;rils cI)I)s, itnadtrd.te ahilitv 
to lredict liiuikt shocks that alter 
the strtLucture ot prOdttct an i inpUt 
prices, ild/or iltral lv 
dhterUniUd traditiona' l ltOOl halbits 
Ihat IiIV overriTte till' et for 
,r011-miN reAlhcatioil sed solelv 
onl market lac ors, 

We COtttt,'d siiiilatioliS (ot the 
eftects Of clhanges ill paddly price 
inIcenJtives for rice rItuicti n on 
the three Iarni type_,s ill the stid' 
villages. Using S,iuilatCt Model 
resolts, We Coli)lHuitedL noriiatiVe 
market Snl)l)lV and,( acreage r0pOIise 
elasticities. lie re_'stlts show that 
olptimIlizing flmers WOuld resl)old 
to [)rice incentives by bringinig 
siglilicantly w;. upland areas ito 
cultivatiin. The inmelastic supply of 
lowlands anld the perfectly inelastic 
land supply ftor irrigated lands limits 
exlpansion possihilities iin these 
eco sstems. When averages iof the 
two villages ill tle (Guineas;,'.,aima 
are used, results shtIOwetd that Iarmns 
in this zoe, have higher a(creage 
responise elasticity thanl those inl the 
lower-potenltial Suidalialm zoles. 
[hIe market sipply elasticities for 
ixeil farmiis are higher thatfor 
hIatd-tillage farms iii all the villages, 
Ill [)th ,lhicmigtue anld Siasso 
villages, tle estimates ofI the nmaket 
suipplv elasticities arc lower thal the 
acreage response elasticities. This 
intdicates that although the elastic 
lait supply situiationt (for uplands) 
ill these villages allows rice 

production expl;lsion-bv bringing 
iiore uplanld areas into 
ctultiviatio-lthe oitl)Llt effect 01 
such a process onl market snpply is 
likely to he ImitigLated by lOw Vielts 
ill the oplauis. 

The restults have three implications 
tor techiiiology developiuieiit 
strategies inl the stWanna 1,0iie. First, 
inl evaluatiing technology options inl 
the cropping systems, it is 
ilupotliilt to ,olisiter ilOt on1lV the 
yield of alternative clrops, lut also 
the Vield-, Mi- inCoce-riskatI 
that flarIIrs are likel'v to lace ill 
changing their cro lpIg lMtters. 
SConrd, to rett.,,huce risks laced bV 
fariers, eslpCially ill ralilfed 
svstetris, eiiphasis, slttlltl he placeCd 
onl vield stability of tec lnology 
interventions. I'bird, since farimers 
arc likely to respornd to rice 
prodttictioil incelitives h expanding 
area|s ciiltivatett inl the less fertile 
upland rice ecosystem, it would be 
inicreasingly inportant to develop 
aplprol)riate tilIlaInd rice 
technologies that canl ensue 
sustainable prodtctivity increases inl 
this ecosvsteni. 

Does rice farmers' education 
influence the economic 
efficiency of rice production? 
A.,. .dtsi ia amd K.K. l)]jlo 

'olicyimakers inl ('Cite dlvoire are 
cUrrently debating institutional 
reforms for directing technical 
assistance t( farmers. This Ihs led 
to the recent creation of the 
Agence Nationale d'Appui an 
I),V'elOjppe)ett ,urale1(.AN\l)Rl), 
a govern mneltal institution that 
develops strategies for agricultural 
extelsiol, as W1'ell as eLucatiOnltal 
antd institutional support for 
farmers. This preoccupationi with 
farmiers' general education is 
comon11101 to most coumntries in sub-
Saharan Africa and is often based 

oil the assumption thal "etucated" 
farmers are more efficient than 
"uiou-edLicated" farmets. The 
underlying assumption is that 
in\VestmeuitV ill ftarer education is 
likely to hLead to stIbstalItial gaiis ill 
ec0)l1(Hllit' OliCiellCV tLlt e~iStillg 
technology sets. 

lo test this assiiniption, and thereby 
provide the Current debate ol this 
ilne ill (ite dlvoire with some 
empiricall itlnt;foitioll, We exanlii,.d 
the relative ttrifferetces inl technlical, 
allOcative, atid economic eflicierics' 
htwU etuca.tetd aMti iOI-edat.;ld 
rice larmers. Utir alalysi was baIsed 
Oiloduality m)1etho1dS, usinig tile 

iorm))alized restricted proflit Iunctionl 
alilirtllc With factor shate 
eulai;tiols. Series of lVliOtlIeses onl 
technicall, allocative, and econtomlnic 
efficiency were tested lSilg sy'stems 
of simntiltanOus Muodels. 

I)ata used inl the Nalysis had been 
collected from*,,Atgust 19-)2 to April 
1993 from a sample ot 4 t rice 
farmers inl several villages in the 
northern region oIf ( '6te d'lvoire 
where extemnsion agencies are quite 
active. Iecause the rice p[loductiol 
technologies available in niorthern 
U6te d'voire consist oft modern rice 
varieties, chemical fertilizers, 
herbicides, insecticides and 
mechanization, one would expect 
m11od0e'll educaitioll, especially 
literacv, to influence the levels and 
efficiency of Use of such inputs. The 
use of external inputs was collolln 
across farms of1 both the educated 
and rnn-ednLICated farmers. The 
rneai le,.fei of use Of tnCa hal - was 
similar for hoth educated and non
educated farmiers (i.e., 53 kg ha-" for 
the noii-educated farmers and 51 kg 
hie' for educatet farmers). [however, 
the mnean use of NIK ha-i was 

http:itnadtrd.te
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slightly higher or the educated "(ertilicat (tI1thCIS lPriiairu,,s'. [h. forms. Ini moust cases liimcir 
tarners (i.u., 175 kg ha1Icompared differenit thrushold did not alter th, accuuntlate kn'.l+,ctc , Of thece 
to)134 kg hal ), althoiugh there uxists outcome,, howveur, iiticating that practices thtrough Icarfini-Iv-cdloilg. 
wide Variatbilitv in Ilse int+,nsitics our rusults were rOlist. TIhus, there Iia\ he little OFio0 
across [aull.()If avurage, there doe's prilllilll to Ldtlilttioll it lls tI 
lint exist lltl titt.rciic, ill ViUlcld Thr c tactors tla\ +xplail these icrautid L'coIloilIic . t'icit 0't 0t iice 
hai ,With iiicail'ici cs 1t0r th rusilts. First, iioi-ccltul farnIurs Froctu s\'stcin s.Iti-ii 

ctiuchtd atns liiig 1.8 t hlt ,and may havc an eiiinlirical ktiowuhdgu
 
2.2 t haIl r ccltLcatcd tartii.rs..As ottaii+icd troill) +iitiiulti\( lartiing lh rcstLIlts 1l'0ii oultr studct do not
 
With turtili/cr'S. this lilal V\iul U)'ri 'Ic, ai iia ttiurtorc, w'ui silI)ort th coIiVciitiOIilll\' hld
 
miAiks high aria)ihlitY liciosstflarIlls. uiicturstand their tairi settiigs aid tilplioll ill lulicy circtcs ill ( '6ie
 

hoW toaidjist Iactor use. thit cCticatoct iir
clIsi'i Iall.u'rs 
Il tile iitial Mtcl I1uiis \e ,cLtiiicCd ( .iii,.ClicIIttlI, trirmig uricnic+C 'fficiilt thiai iioii-..dlicatutd,c\, iioru 
cduic'atct tiriicis as thoSc Wsho had imav loa a griatu, rtlu thani formal larl1iurs. )ur aiialv'sis Stluggsts that 
at least buy c,ar chooliiig. cctuiatioi ii ililuiCucing rial d+,\'+,hl)+iiCIt cftirts sImMilI notot toimiil schol 

Oln this Ili,,, e'ftound+lt) farilucrs' dlltOatiC clcisiOis. be liasccd ti\varl(s "C(liatUcL'
 
cittcrciicUs ill eithcr rtaliVc Su'icl, thure iia\ he +Cr liluitcI 
 flariiiUrs, as "tiii-cctiicatcl'' larluncrs ai'r 
tccinikil, ilhnuati c,,Or Ccoiim ic siarch anidt luatnuiig costs loi jUst as ufficiunt. 'his CtIOS not nuCan, 
2lliut!t[ics )tNcT+i ioit ) l onovvrI', that UcnlcatiOul is Wast+d OlucatII.tct obtaining intornatii ii 'n 
Iioni-cdtlcatcd laitic'rs. to usaluiatC tuchiuitogius if they arc availal. larmers. It may just no0t be+,a linitiig 
thic c litiit\ • o r s',ults,, Farmers tarni about lilv cirip rice p)rCoLctin.Il toi thle fact(lr ihl 
cdiicatiooil thshoctl, We ru'catccd the ariCtics (0raltcrnalti+C aglonu1lic 
ial\'siS tOr atil prtactices Imo stly fromnu oithcr tnll'lllui's.ctilcatin thtrcShict 

oil six 'cars ot ftorillt shoiig, 'IIirc, llost OI 1h t+CciuIIIlogics 
Wshich is 'uoIIII+,oliI coiisitctccl the rUicilliIll.(ctult to tarmiers are 

iinimui thirlitVIcrac" ill ( Iotc lAriisiclcl I''rrll extensioin workers 
dtiir+and enalelcs ohtaining tile iin"rcady-to-usuc" (or "cI''Cd+ ,L" 

PROJECT 2: CROPPING SYSTEMS 
\lost ric ilWest Africa is are croducd and minud for organic Effects of crop and fertilizer 
i)rOcticcdcc Ilsiaill llll I + natter and nutriein ts, and thu weed Management on theolccrs 
hOlusu !t\,ot norexterial pressurc is increasiig. sustainahility of intensified rice 

resoources alid \sIIO hac\'+\sarvilig cultivation in tile continuuma 
balance tlwccii sul)sistence anid To Muet the rgiO's footc Heeds l. Becker inI I). ]ohmson 
coiiiiCirc'ial Obiucti\S. I)u to and to cinsure thu long-term 
(c-tcu iraplhic gr(oVthI aiid laiud )rolncti'ity of riO-hIasucl To ensure that the olgoing shift 
sLhortagu!, ltirl's' i)r(OductiOI )rodiCctol s'stuins, unt1triunt from extensi'e to intensificd rice
objuctives arc increasiiglv short- ilputs and outputs in thu systemi based cropping systuems in virtually 
turirn, With illadcciluatu cOIlcurn for licuc_ to be halanced, ancd resourcus all Wcst Aflrican I'i cuuisstulis is 
niaiiltaiiliig the llatural resourcu cuist be,uscd nMore ufticiuItly. lhc sustainable, improvud crop and 
Iasu. Partic'uhlrl' inl traditional b:iophysical and socioucononuic rusource mnanaguimenut lractices are 

rainct rice Irodluctiol s'ystuims, interdluuidece o Iat urguntly rcluirci. The iiiiprc(dt upl and 
larunurs increasinglv lovuItroil lowiand ecowsvstcis w\'ithiniinilrd managumunt INracticus iIcust he 
extensi'c to moru intensive 'alles calls for thu duvlopinient of socially and econonically 
cultivation without adapting their iuitegratcd cro), nutriunt, water, accuptable and must ciiablle a stable 

d lgullult stratugiustraditional practices to the ie\' aicL, Illll p)erfori ancu ofl thu cropl)ing 
oibjectivus. .\s a rusult, the natural that stabilL.: thu fragile uplands systuems over uxtenduct puriods of 
vegetation is rucuding rapidly, soils and increasu l)rocluctiitN, of the timu. An uequally important goal is 

more rolbust lowland ecosystims. to improvue the use ufficiuncy of 

resourcus, piarticularlv, that of 

http:tartii.rs
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FA1I.I" 5: Predicted conditional prolmmility of adoption of chemnical 
fertilizers on rice fields: effects of sex, ecosystem, type of cultivation, 
and distance of fields to village. (Yte d'ivoire, 1993. See page 33. 

.OWI.ANI) ICOSYSIEIM 
l)istance of Field to the Village (kilometers) 

0.5 1.5 3.) 4.0 .0 10ith 

Type of cultivation ancl sex of plot owner 

,\hmJoal 

Male 0.47 0.36 0.22 0.16 0.111 0.01 
klmeale 0. 1 0.07 0.04 0.02 0.02 0.00 

.\h't1,miiled 

Male 0.94 0.91 0.84 0.77 0.69 0.20 
Felmale 0.66 0.56 0.40 0.3) 0.21 0.1)3 

UL).ANI) COSYSTEM 
Distance of Field to the Village (kilometers)
0.5 1.5 3.0 4.0) 5.0 I 

Type of cultivation and sex of l)1ot owner 

A,lmal 

Male 0.() 1 0.01 0.005 0.004 0.002 0.0) 
Fenale 0.002 0.0)1 1.00 0.00 0.00 0.00 

,\lh unized 

Male 0.22 1.15 ).09 0.)6 0).(4 0.00 
Flemale (1.14 1).02 ). 1 O. ( 1 ) 1.()1 1.01) 

Note: The analysi'.WIs Lolducted horfarm 'rswho use fertilizers oil coltO , 

have individual fIlds, doimdW1o asses the soil tertility' ot their fields as either 
"goo(d" r"average". 

applied N. I)iagno)stic surx'ey'. oin In the 1994 wet seaso( , WAR IA 
farmers' fields conducted during scientists initiated i 
1994 at different localities in ( 6te multidisciplinary, iiiultifactorial 
d'lVOire iiidicated thilat tile aVerage experiment at Xl'bc to examinile 
use efficiency of applied mineral N interactive effects of "management 
is less thani five kg of rice grain for factors on rice yields along the 
each kg of N apl)lied ill uplnJld rice, continuun to)Osequence. The 
Mid abolt 10 ill lowland rice. exJ)eriment com1prises different 

Im
 
levels of the following factors:
 

variety (traditional vs. improveld), 
plant spacing, weed comtrol, N 
fertilizer rate, and N fertilizer split 
aid tinuing. IIntile Ohland, level 
of water control was introduced as 
an addit joial lac.tor. All treat ent
cominatiois are illlemented
 

thre replications at each of
 

three positions Of the 
top)Ose(lei+.e (irrigated loIland, 
rainfed hvdronOrphic, and rlinfed 
nlpMland). The site' had a [istor\v of 
prolonged bush fallow. Treatments 
\Will be repeated on th1e Sme1+ phts 
for at least three years ill order to 
observe changes ill soil fertility, N
use efficiency (NI t.E), weed 
pressure, alld iehl. 

Results from theI irst year of' 
experilmentation indicate that 
toposeqtueiice positiolt is tile host 
deterinlinllg flctor or grain yield 
(4.4, 2.9, ad 1. II a ill lowland,0.5 .405.0hdr)morphi+,ll)lalldand 

envi ronmnielnts, res)ective\ly) nd 
NUE II I, (1,and 2 kg grain/kg N 
respectively, across treatments and 
varieties). Inl tilowhOland 
ecosystem, 01nly tie ill[)rov.d 
varietyV responded to iiln)r)OVed 
nmanagelmlent (N rate, N timing, 
spacing) which gave the highest 
,,'ield (o.6 t ha'1) and NUI', (21 kg 
kg-'). ,\lsO in tile lowland, tile 
traditional variety resp)olnled to 
applied N only at dense Slcing. 
In tile upland, no significant yield 
differences were observed anmong
varieties aihtd Imaiigem'lteit lev'els. 

Vi r ollrphic zonell 
The hldroZ 
represented an in terniediate 
situation, with tile graill yield and 
NUI. of only file iml)roved variety 
responding to N, and only at close 
spacing. Weed control levels had 
no effect Oii yield ill arn' 
cmlibinatioin of factors across all 
ecosystems, although close spacing 
of rice did reduce weed biomnass. 

10 
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We conclude that in the first year 
of cropping after lr(longed lush 
tallow, only the crop in the 
irrigatctd hlwtdaic, aid to a lessr 
C.\tCll that i tlie hVdromorplic 
ulnvirlillm ilt, r'sOiulidud to tile 
ditturent ma ul urigC111CtrUgilmes, 
Wheil'ca thu u1llialI riceCool ) \\'ts 
not signilicanltlV alecld. lhi 
rn.Alt is wosll',ttUnl with 
iflldupMnlIt oSV ol)tillS 
farmurs' tildS. IlUtcc ac (Ieth 
lprIIlongcd tallow puriod, weed 
prussur% was hw and soil turtility 
i lr~hall(Ile latter ishigh. 
current lv hLilg inll d), Both 
lactors arc liuleH o chilalge in 
slhIluel tt Ills. W\e eX)ect 
mlagCunlucut Cftects to )cconlu 
More M tMIucCL in I995 and 

9)90, lpartiClularlV ill OhW tlahlnl 
ad hllvlrolrlolI)hic lenvirolnMunts. 
I)UtailuC'l ,lalvcl'W, of the c'volttioll 
o soil lroperties, Weled IpresSUre, 
aild \'ields will then pro\'ide key 
information oIl tile varvilig 
carrving calacities (oI thu ullaild
hvcli orl)hic-lo(wlancl e'osvstuelm 
Ior illensificc rice cropplig under 

different llallagclne It 

Farm-level determinants 
of chemical fertilizer use in 
rice Iroduction systems 
in (te dlvoire 

. A'eclll itl sev rallutien 

FIcl till )InglSvral nut ricnt 
Cl iCilli~CS liiiit ricelpr tl~clcticn I 

We'st :Africa, till' ils (If furt ilizcr onlld Afric, igl m a u fertilzer (o.
food crop)s is, generally v'ery' low. It 

is imlportant t idlentifv the factors 
hal affect tarm-level use of 

fcrtilizcers ill ricc s\VStclls illfertliers trte s ii rtilit 

1Inle eearchsldividualintervents clImdividual 
ituerven ti( 111. 

area, IowlIId (Mulsus uIlaLld) ldiS, 
In 1994 we examined the factors and MLCllaili/litioll arC ill[ llositiV'Vlv 
that affect larincrs' use otf chemical related to adoptliln and nus 
fertilizer in ricc )roduCtiol S'V'stulil illtul'sit\' (d LhIMical trtili/rs. Ill 
in (;otc dl'yl\ore, using detailed plot- [olltrilSt, distanl (oI fl tield to til 
CVi data.l1e data for the studs hilo''uteuad, turtiliL'ur ISC oH] cotton, 

were collected lrolll t radom crirtnlhr t illi individual} 
saipic of 12) rice farm llh sulholds field statu, anid tlnlCfl)hot 
located li ar town, ( iloll, llldfllgu ntll Were 1t111d to he 
iolila, and loniwdiali) il the 1ugatiVIV rulatud to adol)tion and 
htlllli-(d-forust, torust-SavalIil, anld Use ilntul1Sitv. IItS, tloSu larrls 
SaVllnallll igro('ol icilI /()on of Cultivating largur tarmus, occlplIiln g 
the coutr,. lhe stludv villages lowlands,, nsing either oxCn or 
forin key sites at which detailed traltors, aMil having tields closer to 
biophysical characterizatioin thl village, are lnor, likely to adopt 
resuarch (t.g., agrolnlic, and Use cicilcal tLrtilizcrs on their 
hydr0Ilogic, cropl)i l g S\'stmS, ricC fiLuldsI;. Ihe nlugati\e sign oil 
Ws'eds, discass, inets,) is bcing tCmale-AnCail cd tarM',s may reflect 
Coildtuctud hV W.ARI IA scien tists. capital collstraints ftacedliV woIlelun. 

The iositive sigl nMI l ll-ll0nall 
We used a l.git rgrlcss,ioln Model to fields mas' he linked with atdesirC 
exaille tarniurs' dccisioIs to adlopt tor uisirlIng houshold toocd 
fertilizers, whereas a lohit model sccuritv fro1 tlhese fields. 
w\'as cucd to Mllodel tiletcdtrllillants 
of fertilizer use intensitv (as opposed In order to guide soil fertility 
to initial aid0)otioll decision). Our mnaagelent research, we dLrived 
results silowd that cultivatcd rice conditiolnal p~roblabilities of 

I'AIlI 6: Predicted conditional probability of adoption of' chemical 
fertilizers on rice fields: effects of cultivated farm sire, type of 
cultivation, and type of field ownership for a lowland rice ecosystem. 

C6te d'lFvoire, 1993. 

Cultivated area (hectares) 
0.5 1.5 3.0 5.0 10 30 

Communal lmale) . 17 (.32 0.62 0.90 0.99 1.0 
ll kIndividual (nale) 0.14 0.27 (.57 (.87 0.99 1.0 

IldiVidual (fuMale) 0.02 0.04 0.14 0.47 0.98 1.0 

Collllllunal (11ale) 0.78 0.89 0).96 0.99 0.99 1.0 
(male) 0.74 0.87 0.95 0.99 0.99 1.((feniale) 0.26 0.45 0.74 (1.94 0.99 I.0 

Note: 1hiis illlill 'SiSwas cI lttcted at it Illlll distance Of fields of 3. 1 kiii from tile 
village, for farmers WhO j(IdlgUtI ihu soil fertility Of thecir tit's as cither "good" or 
"average", and who also tstd ch icIlliClal cotton.furtilizers On 
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adOp)llit lof CleIi icll hCrtili/ers for 
a.ilt111her Of ,oiUldrlior,. The results 
Of tlse ailalvs'S. are siiiiittarizCd 
in iahh., 0. 

Our ret'ults have threlo i l)t'lrat 
itlplitali i,,hor the tlgCtilg Of 
imliprO'ed SOil feitilitv imlag1lemelt 
prattite',. First, tilt uplads are 
suiiject to Ilit high risk Of soil 
frtilit' dItegradtion, beaut, 
likVlihtoot)lOf fartltrs tusin 

ChIlictl lertili/tr il)uts On 
ield , isextireinci l,w. AS 
population pressure iS ,trstCS 

the 


stih 


aillt I 

,fatllIow lpCriwods ontHI)iI flis 

shorten, diegradatioti uliav he)CLi 
increasingly severe, gi\,ve'n that 
farmir inl\Vestmeut in t.hliCal 

fertilizers is precariously low. New 
ifllprovud fertilit\' management 
l)ractices which don't rely Oil 
)urchased inpluits arV most needed 

ill this .cetsteIll. 

SetOMI, fielIs tHIat ar larthest fr(on 
the village Olrm a secOn(d distinct 
g,,roup f high-risk lititiS. FieldS 
that ar ver\ tar frolti the \illage 
are ,ills(ofil located on marginal 
l,
inds with higher risks of soil 
t_,etgradatio. 

IlTirtd, new st()fertilitv 
niaageniCut Strate'gies tnetd to he 
tiesigeICtL with an itlerstianldiig of 
how itria-houselthl fielIt tenure 
influentes,Cemictitil iftili/et use. 

PROJECT 3: SOIL FERTILITY MANAGEMENT
 

Most soils used for rice ctiltivatiom 

ill OrganicWest Alrica are lov ill 
1mittel anid avilableI'ad N. 
leIauLst, arlllers rarelv apply 
sfitticiit frtili/er to relah)ce the 
itrielts rtiol(vt fIorm the soil hV 

the t ),si)iItrtilitv teittisito 
dCecrease ral)itIlv timir intenlsilied 
rice crOpp)ilg. lI1the hilhlv 
weathereti aid retlt.ttlv alcid 
uplantd ,Soils, I' nd N tdeficiencies 
are gUenerall svtre, a though l 
timeis tile titiciencies arc masked by 
drought, which telilOrarily reduces 
the crop's demal fOr nutrients. 
rOl) rs.l)Ollses to) N applJlittion oil 

such Stuils, tlerefore, ieleitd 
stroinglv ultm rainfall and P inpits. 

Tlhe lowlaitd aMidi hVIromtlor)hic 
sois in the illil|d valley bottoms 
are more resilient and less prOmt' to 
erOsion than the tilaldIt soils. In 
e(ttrasi toit lO, ltins anid delta 
rtegions, which make up tilte hulk 
of the fertile lowlittds in tro)ical 
Asia, itht, Of tfhe iililtdfertilit' 

valticy httoilis in West Africa 

tIepetMis much mOthe 
l)hysic)clhemict'al protperties of 
adjacent slopes. For example, 
seepage Of iron-rich water from the 
crests turing the w't selason 
lretuentlv causes irl toxicity anli 
secoidilarv nutielt itnhalanCes in 
the lowIlati Crops, such as K, 1),(a, 
Mg, and Zn teficiencies. 

Valrieties vary witlely in their 
capacity to tolerate or'avoid sUcit 
stresses, and the devehlopinent Of 
adapted gerillasin is a key 
element in \VARl),A's efforts to 
reiller rice l)rotltitiull more 
stistaitlatle on acid t1iplatd anId 
iron-toxic lowland soils. Ii s 
alproach is coml)lemeted by 
research on imlptroved soil and 
nutrient llailagelllent lletilltds, 
)th onistation anti in 
collaboration with NARS partners 
in the lrobllem .Soils [ask Force. 

In 1994. WARI)A's soil fertility 
research focused on the diagnosis of 
ntitrient disortlers in different key 

lLxtelnsion agents have always 
favoredc C ntui11 fields under thetaillll 

cotitrol Of tile male-liaded 
householIs, hLitcause men artV mre 
likely to s cImllicil fertilizers. 
Bl.t neglecting iitliVitail-eiMale 
fielIs keeps the likelihtood of using 
clicillital htrtili/Crsl"oV,and a ils 
is creatCd against woln's, access to 
hoth chemittcial anid lion-cheliical
bMsetd sources for ma1liltailing soil 
hertilits'. Won.()men's filids tIesCrve 
greater attention inl (r1n-fIarm11 testing 
oI alternative technologies for soil 
fertilitv miainttenailce. 

localities and positions a'ong the 
contillU111um topOsetluence, ail the 
interactions between variety and 
management iiterveiltionls. This 
research resulted in the 
identification of clear varietal 
difference:s ill tolerance to iron 
toxicitv and acitl plaitd soils, and 
of marked effects of a lange of 
nutrients on the expression of these 
tolerances. l)uring 1995, we intend 
to c)mfllpleielit these olngoinlg 
activities with in-tleptli 
exp~erinMetilal anid IOtelling stutdies 
on key I)rocesses that utnderlie the 
observed interactions aiong 
chemical stresses, genotype, and 
nutrient applications. 

Nutrient manlagement and season 
affect soil iron toxicity 

Suhrawt S.l)iatliK.I. i andi, 


Iron toxicit', a conimon ;)il
chemical stress il \Vest African 
inland valley bottolms, is caused by 
excess ainoltints of ferrous iron in 
tile soil solltion. It is essentially a 



WARDA ANNUAL REPORT 19914
 
RESEARCH
 

"IAIILE7: Effects of applied plant nutrients on the yield of llotiak6 
189 in an iron-toxic soil at Korhogo, ( 6te d'i\'oire, 1994 

Treatment )ry season Rainy season 

Grain 

yield" t ha 

(:ieck (1o fertlizer) 3.69 
N 3.43 
NIP 4.59 
NK 4.08 
NZn 3.93 
N PK 4.86 
NIiZtI 3.90 
NKZn 3.71 
NPKZn 4.86 
I'S) (().1)5) 1.304 
CV (%) 22 

cOllditioll GILISe. bV soil reductionl 
tilder flooded Conitditiols which 
tralsfirls inlsoluble I:e"' illtO 
stillhle I[ [rlo is alIRtiXiCit\ 
cii)lex nlutrieuit disorder 
ilivOlving pll.vsiobigical deficiencies 
(i o)tler nltrietnts such as I,K, Ca, 
Mtg, Or /n which, tindercertali 
tI ditills, cIll CIIS adverse 

sVn)jtilus. Iis phenonmenon, 
althItil po)orly tlIIdetltl()d At 
present, nlav prilide opportutilities 
lir ettectiVe ilitegrited illaIlageIlllelt 
(iill toxicity Ihrolugh ail 
ciinilinatiin Of toleraint cultivars 
and nutrient and water 
IIlatlagCItt.ll(t t-cllqi._eS. 

I)uring the 1)94 drv aLd wet 
seISiNWise tested tile indiviidual 
Mid C)ItIll d effect,, Of applied N, 
P,K, and /11On the reSti,)()IS Of 
,(lotake 180, a lighl-Vieldilg lNt 

susceIlttIle lIcdIl check variety, toi 
irnl-toxic Ilowlanmd coinditiin It 
lOrhlgo ill (C te A'viiire..\second 
variety tested, the tratilial 
tolerant clheck Suailkok 8, i)rIovided 
no tailgible results )ecaISe Of seVere 

Iron Grain Iron 

toxicity yield toxicity
sco re t l i 1 sco re 

5 5.03 3 
4 5.50 3 
4 5.60 2 
4 5.74 2 
4 6.39 2 
4 6.29 1 
4 5.29 3 
4 6.99 1 
3 6.00 1 

0.729 
9 

lodging when fertilized. Table 7 
SumnIarizes the perlornlince Of 
llouak 189 under nine nutrient 

treatments for the two Seasons. 
.leaf-Iased sCoring lttile vegetative 

stage indicated that iroll-toxicitv 
stress was mote severe illthe dry 
season than illthe wet. Scores 
varied between 3 aid 5 illtiledry 
season, and between I :luld tile3 ill 
wet Seasoll. leaf Sctres were 
significantlv correlated with grain 
yield across hoth seasons (r= -(.92; 
I)< ().01f and within tih. wet season 
(r= -(.82; P < ((05). 'he ciinebilld 
apllicatioin oIf NI'K iicreased tle 
yield 0lf lRtuak 189 oler tile check 
and N treatments illthe dry SU'ISII . 
Illtile wet season, iril-ttlxicitv 
pressure was generally lower and 
yields higher )vahont 2 that1. 
Varl'ioStlcOunlil"atiOlls if NI'K/n 
signiticalll ilcreased yields 
relative to tileZero check. IIl both 
Seasoins, however, N applicatimn 
alolle did not affet grain Viets. 
LJW)est irol-toxicit\' scores were 

ihserved, ill hitIi seasons. whenile 
full range if nutrients, N, 1),K, ailld 
Zn, was applied. 

These preliniliary rewsunts \viII be 
conplemented in lltS with 
dIetailed soil clheicil anid physical 
Analysid plait tissue analySeS
 

to i1leterii IflihIt Uptake o1 10)1)
 

Mid tile appl gCall1
ild nS. WVe Wil
 
hyiohg i c ! Ilud i(,
0 11211 llitiM Cl I)I .S 

onl the traits rs olnsible for 
nutrient CleC tS iltItile oh)ItXicity
 
toleranCe O1 rice, did dgl)iIOIliiC
 
studies oil 1l0 )(issilCl translatiolln
 
of this knoiwledge (o inIIri Ved
 
cultural practices.
 

NI1: l1L'\',i ti usted VtIC Skikoko 
8 (toluranll) and BakcL 8) 
(suscellible). Iht fleCH-ts ii iled i)lanlt 
nntrilit irt'allIlIts I lal)le7)VwIe tesled
 
i ilran nill)thli/ttd t oc't,
plll) IOL k (leSigl,
 
with fol rllitliollS. liehoh1t si/L'
Was 
24 m Nitrog ei (.' l)lis'd , all 

2
. is re 1t a1 

rite of Itt)okg N as ,11il I'atela 1; nPI ' 
St kg I' hai; Kas KIC1 at 


kg K ial; lldinla1s 11()it a Iltvt)t()
 
kg Zlihai. .\I IitielItS L'XLL'lt 


(If t rate ol 80 

N w\VrI 
*iittt'd as basal alhlicitjls. 

Varietal response to residual 
P ilan ultisol inlthe humid 
forest zone 
K.L. ,Sahrtl, Y\.1'Jines,
 
td.tS. )iatIa
 

I'lltspl)olr deficienc' is tine of the 
MOst siglificllt ntriLllent disorders 
illtileacid ipllands of West Africa's 
hlllid Il(rest Zoime. \vailahlility Of 
P illtllese soils to tile rice [Ilailt is 
reduced bIIreactions of soluhle 1) 
with Al atd Fe Oxides. WAI),'s 
approach to sustaillably inlijri\,ng 
the ]productivity Of rice-hased 
cropping systems till ultisos is 
hased oilthe ilt'gratiill Of two 
collol(nlnts. First, we seek to 
increase tile -use eflticiel'lcv t 
npland riLce Cul~tivirs thr)OngI 
hrt ling and illrilved Cr p 
Milt ...lllellt. areSecnlld, we 
exploring lluilgm.ltlll Oiptions tot 
ilprov1'e the availability to the 
llani of soil-bIirne a.lnIandplied I'; 
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WAB 56-125 WAB 56-104 WAB 56-50 	 IDSA 6 

2.5 1993 2.5 	 2.5 2.5 

2 	 2 2 2, 
C 	 Z 

1.5 	 1.5 / 1.5 1.5 
00 	 12"- / 2 // 2. 3 

C 5,, 
~ 2 1994 LSDO.05 2 " _ 2 	 "c 2. 

.5 	 .5 .5 .5 

0 	 0 0 0 
0 45 90 135 180 0 45 90 135 180 0 45 90 135 180 0 45 90 135 180
 

P applied (kg/ha) P applied (kg/ha) P applied (kg/ha) P applied (kg/ha) 

2.5 	 2.5 2.5 2.5
 
1993+ 1994 1993+ 1994
 

2 / 	 2 1993+1994 2 /, 2 

1993+ 19941.5 a1.55"1. 

8.2 ,''..." 9 3.2, ./ -- .. . "a .2 ., ".. .. . C: 	 "" 

199993..
 

a_ 5 /5 	 .5 

o1 0/ 	 o/ o1
/ 

0 45 90 135 180 0 45 90 135 180 0 45 90 135 180 0 45 90 135 180
 

P applied (kg/ha) P applied (kg/ha) P applied (kg/ha) P applied (kg/ha) 

35 	 35 35 35
 

a. 30 a- 30 CL30 	 0)30 
-~ 1993+ 1994 	 1993+ 1994 
c 25 " 25 * 25 	 C 25 
06 01 1993+ 1994 0) 0)

a20 o)20 o)20 cm20
 

u 15 u 15 	 15 >115
SC1 C C3 1993+ 1994 

U 10 1993 1a 1993 a) 19A) 

4=o y 10 1 .ii 10 

5 5 	 5 57 n 	 1993 
i0 0 o0 I 00 

0 45 90 135 180 0 45 90 135 180 0 45 90 135 180 0 45 90 135 180 
P applied (kg/ha) P applied (kg/ha) P applied (kg/ha) P applied (kg/ha) 

1I:IGURF 13: Response of four upland rice varieties to fresh (1993) and residual (1994) R. 

for example, bv means of 

leguminous fallow Species that 
shift more I' to the organic-matter 

fractioll of, the soil. 

In 1993 we reported oil the 
response of four upland rice 
ctltivars to triplh. super phosphate 
alllflid at five rates between zero 

and 180 kg P ha- in anl ultisol low 

in extractable 1)near Man, Cte 
d'lvoire. l)uring 9)Q4 tile 

experiment was repleated at tile 
salle site, but without all\, fresh 
application of fertilizer 11,to study 
the response of the four cultivars to 
the resi(Ltes of tile initial 1 
application. Crops grown oil 

ultisols frequently require 11 

applications that exceed the plant's 
needs, but some of the excess 1) can 

be recovered in suLb)sequent seaSOnlS 
due to slow sorption-desorption 
reactions of the mineral complex. 
The test cultivars included three 
improved upland rices bled at 
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plant. Similar studies vill he 
10 10 conducted o. fallow slp(ie,, in 

Dry season Wet season order to iIl)r)O\e tileCr()lp)illg
 

LSD 	 s tiL' fficin'y0' lIlde for I 

8 8 (0.05) other n1utrienlts, nlot 0111V during, 
* 	 hut also hetwe.ll, Iice crops. 

-Z-* 	 M&It: [he trial nearwd Iozli(ndcted 
6 6 + Min (hliitl turuSi /01nt in ( 't, 

_ + Cd' ir,during the 199.3 aMd 1994 wet 
,
0a 	 sein,,ls. It had a 2-1tato[ial R(I

4 0 Bouake 189 4 	 Bouake 189 design With 4 r)p'VliGIti(lnS. Iactor I 
+ 	 ITA 402 + ITA 402 WaS IPal)llication during tlhe filSt sear 
S ITA 306 * ITA 306 (i), 45, 9t0, I35, I80 kg 11 hI I Iall it, 
0 ITA 212 0 ITA 212 triple ,superpiinhate. actor 2 was 

2 2 varietyt S-I 5, 5n0-104,V \V.AiB 

0 30 60 90 0 30 60 90 

N rate (kg ha') N rate (kg ha' 1) \VA s 0-50,1 )S,r 0). I1Ig tS, il ill ].
tilti,,ol
(pll1
4.9; (orgi (.1.351,1; 2.7 

FI(URI- 14: Response of four rice varieties to N during the dry 	 \ray- I'). All Iplotsl)11I I cxtractahhil 
-
and wet seasons, 	 recived Itttt kg N ha as,urei ill3
 

splits during h(tii years.
 

WARI A (\VA S-I 25, WI 56-104, kg ) (45 kg ) ha-) ill NVAB 56-125. Nitrogen resposiveess of
 
and WA1 5 hn-5t)) a d the IocaI The I'LUI" irrig ed lowln d esof
of the local check II)SA 6 ie 

imlprov(ed ul)laild clheck I)S,\ 6. was only half that of WAb 56-125. irrigated lowland varieties in the
 

The cumulative IA: of WAB56-1()4 dry and wet seasons 
All test varieties Showed a and WAB 56-5,Owas similar to that ndS. Mala 
significant (1'< t.0)t response o)f of \VAB 5-125, hut there was a With assured soil moisture and a 
grain yield to I a 1plication during greater contrihution of residual P in low risk oferosion, irrigated 
thelfirst year, withii WVAI tile second year.50-125 	 loslands proide a more cnducive 
rcspiiiidiiig mst and II ISA 6 least envi ronlment for high, staile rice 
(ligure I). 1he reCSpiilSel t') We conclude from this study that yields tlln the LIdiS. Rice 
residual Pduring the secod \'ear -onsiderable potential exists to varieties cultiated in this 
was Imtcll WLiiker hut waiVsalso increase the varietal response to ecosetem ae n the 
signilicallt for all cultivars. Residuil fresh and residula1l 

) fertilizer ill emovste1il1 enerall df tpeCHUO Oi WAVid Ullilld UtiSIS, MI-iC~lrlyforimproved senlihvarfl in(lica type,lo the0ire 
,
effets,, o)ny'ield fir the three \It ui)land ultisils, partielarly for which are responsive to fertilizer 

cnllIivars were' in tile Order i)f0.2 t II)SA 6,the most (_o111111only gro wni inluts, especially N. I)espite tile 
ia' vith all initial alllicati()n O)f inlproved Ulpland rice cultivar isg 
45 kg P hIaIicleaIsed to (.0 to (1.8 ('te d'hoire. ie trial will be systeratic testingof ig-yiedingilit hir Iw hen(,1 11h r had been C011tifLled Il til re~idlul effects of 	 introductions fr()ml Asia Iring tile90 kg , 	 d u ha iadwen (1leelk P ki cotined tttll reidul efect 01 past 21) years, however, tile most
 
l[ied, a1nd did 11t flrtiler the ilitial ) alpllication have st Asia varieties (sclh aIs
yessfrl 

respond to higher 1)inputs. XiOre comlletely suhsided, ill Order to sc,36, IR64, and IR72) wsere lct) 
tlal 2 t hal

t 
grail) were gained with analvze tenmpoiral cIlail1ges ill 

an applicatio)n of() kg 1 haI, availahle and totalan api at on f 91 	 IP cntent,oileil, andatd ecause itfthieir adaptatiln to)kgP i~i vailbleandtoti P 	 adopted by West African farmerspoo)(r 
ahll()ltoMe-third Of which wa's inOther soil fertility iarameters. tie ocal biotic apo1r iaatgellent
()htailled tlr()ll residues ii relted Clolstrinis. Iistead, better-P fertilizer Follow-up researclh, ill I09)5 and 

the secoInd season. [he resulting beyond will Show to what extent stlted butr-in Ines of 
P-LSU 2lfi~i,\,t'suitedI(.V 	 hm er-yielding lines ofLIF ( but 

agiuln tc P-use' etficien1cyV Il'IL ) varietal differences ill agrunnic AsJia origin were selected and 
was extremely high in the WAB I'L to soil IP; 	 wiad t ed sJ1 are dLe to access for a 
cultivars, railging from aibout It) kg example, tlhrough mycorrhizal cidelv adOl) h rad efarmers
 
of grain per kg 11ap p~lied (18 i)kg 1) i s s n ( h ell s o o i a 	 cytultivating the favorab le ipartso f 

ofgrag valley bottoms, such as ,touakc 189sbiosis; and to the physiological 
]i I ali) lioI 30 kg of grin per efficien cy of I)absorled hy the front Indonesia. More receiltly, 

http:hetwe.ll
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FATBE 8: Ierfornance of 12 rice cultivars at sites with high iron 
toxicity (Korhogo) and low iron toxicity (M'C), C6te d'lFvoire, 1994. 

(Cultivar Iron-toxicity Grain yield 
score (t hia-1) 

Korhiogo Korhogo M')6 

TOX 3 118-6-12-3-2 1 
TOX 3052-41-1"1-2-1-2 1 
TOX 3081-36-2-3-1 1 
(K 4 1 
FTOX 3t 15 (--46-.13-3-3-3 1 
TON 3()27-43- I-1-3- I- I - 1 2 
(1K 73 2 
TON 3093-35-2-3-3(WITA2) 2 
Bouake 1891' 3 
IOX 3 It0-32-2- 1-3-5 (WITA3) 3 
'IOX 3t(P)-o6-2- 1-6 5 
Suakoko 8" 2 
ISI) (0.)5) 
(A' (%) 

Note: al= toleranlt check 

h = local check 
c = bird damage 

locally adapted and very-high-
yielding varieties were bred in Africa 
at IITA, and since the early 1990s, at 
WARI)A. These varieties, designated 
ITA, WITA and now WAB, are 
becoming increasingly l)ol)ilar in 

the region. 

l)Uring the 1994 (lrs\ and wet 
seasons We studied tile response to 
N inputs of some of the most 

popular lowland rice s'arieties bred 
in Africa, compared with the local 
check IouaktO 189. The test 
varieties were I[A 212, ITA 3116, and 
ITA 412. [he grain yieldsSwere 
higher in tile dir\' siason thtla in the 
wet season by Oe: to (WO t ha' 
(Figure 141. The highest yields were 
obtaited with 90 kg N ha - in the 
dry season, whereas in the wet 
season, yields leselled off at 61) kg 

6.66 7.57 
6.30 8.12 
6.17 6.02 
6.05 8.33 
5.99 6.24 
5.48 7.51 
4.85 4 . 20c 
4.77 7.62 
4.69 6.50 
4.31 7.75 
4.17 7.70 
3.73 5.3 1 
1.10 0.77 
15 13 

N ha't . The agronomic N-use 
efficiencies (NUE) were generally 
high and varied between 28 and 41 
in the dry season, and between 34 
and 39 in tile rainy season. 
Varieties did hot differ ii NI. 

The African-red varieties generally,
and in most cases significantly (1P 
< t).5), out-yielded Blouak 189 ill the 
dry season but not in the ws'et. The 

higher yield potential of tile ITA 
varieties w tnot exlressed under 
the lower solar radiation conditions. 
Yield differences among the I1A 
varic1ie,, w,.,re [ot significant, lit 
ITA 3116%V,1 I , to ) yielder in six 
out of eiht Ircaknvt x season 
combinations, ir,,.licainl that this 
variety has a part iculary ;,ii yield 
potential. Its higlh vicEi stahility is 
shown by the fa't that lids variet', 
also has given consi't,,ntIx' Stl).:ior 
yields in tihe Sahel dtfillg the s'et 

season, on both farmers' and 
researchers' plots, resulting in its 
release in Senegal during 1994. 

We conclude that IA 212, 306, and 
402 lase superior yield )oteItial as 

conpared to the local inpirovedcheck IBouak 189. '[he higher 

yields appear to havse been caused 
by better tiliZation of solar 
radiation, rather than a stronger 
response to N. I )uring 1995 we will 
study in dletail the N uptake and 
distributi( within the plant, and 
the growth patterns of key varieties, 
such as those tested here. (rop 
simulation models calibrated with 
these data will then help to identify 
traits responsible for the seasonal 
and N-input-dependent 
performance of elite varieties. 

Nt&Nt: FuUr levels of N applied as urea 
((), 30, 6()0,and 90 kg N tia I') were 

2~appliedon plots measuring 15 m . All 
plots received a uniform basal 
application of ' (51 kg 11ha - )and K (801kg Kha- . The experiment had a 

randomizd coimlphte block design with 
four replications. 

Promising rice cultivars identified 
for iron toxicity in lowland soils 
K.L. Saihrit, I.N. Slinh, 

(Ilnd S. I)iuat 

Iron toxicity is a major stress and 
yield-reducilng factor in irrigated 
and rainfed lowlands in West Africa, 
particularly where lowlands are 
bordered b' iro-rih uplland soils. 
W\ARI)A is addressing this problem 
in a two-pronged approach by 
exploring soil/water mranagernent 
options to reduce plant exlposure to 
the stress, and by improving s'arietal 
tolerance to iron toxicity. At 
present, however, varietal tolerance 
is still the most practical ard cost
effectise means of increasing rice 
yields in iron-toxic soils. WARI)A's 
key sites for iron toxicity studies are 
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' 4' ,I 	 pla.nn ing Sonme indptth studies oin 
theu niclr-variathilitv if irol toxicity 
and file reproducibility ot plant 

eV, ,'lesi nses to this stress. 

jiaod tdan hsuo hOn tile basis of tile rusLlts 01 tile 
fimIlitud SuuNi t hosedf frile 
19ut AsIN, We will ne0Select a Set 
i *chck varieties that iore ore 

Nte lcur4 tresentati\t th0 ire l high-
Kti ticling llant type fi the irrigated 
diru n glowldnd, and ewtit'll deehal ao 
uuru. 	 Jro'sehllatrovetd Steenig method Im 

cataloged, and harvestedfor further studies. is er ilutat se 
restlts. iThs sti dies till also take 
ipoeni.toam out l otsie, vaieio from 

Promisingrice cultivars are rentfied, 	 0 w r O 

S 	 s 
IM'13 (oiw-saress cantrol site) and gclerally Sco ev. ecK 4 was tile top inalCnd'nt stre dies thit iron
 
Kortogo (sev2er stress) in (u)ti t
yieldwrr (t.3or Iha ) at t8e ihre toxicit i Strongl illnltlinced i
fhlv(ritestd Iadeggi ill Nigeria 4 hdoderatel ') site .e T results tox aviihiliti nsa. al/g, of 
(sevare). The erole Soils Thesk dtratona thalt alital tole,rance nutrients, alltherefore liglit
:Ole is using I)rth ioa , randg of t iel toxicity is vhsiligicallyt show lifferent (ariealt i rtep sine t 
sits in collalorationu with NARS. cirllpatible with highe d patternslior iCIdifferent llicts. At 

itpromiintieapat the site 8). e e sohgtk ', oi'tl iotli g
Fromhoer (2aKiati exe aindill 199 varieties will be rade aiaclaile te

1I93 of 32 culivars att) 
 ' and Across tllwentries, for tilf blxcecnational breders i 1 9i. afor
Korhogo, 12 elite sncit ionsywere tolerant check SLlakko 8, whichovroader regiasnal testing uder iron
further testtd at the'se Sites ill 1994. had low yieldsbeoausevef its toxic COllills.The cultivars tt tc t are,ain g ite tradlitional tall p~lant t)'pe, grainl 

2Ibst available inl tie re'gin , a nld this yieldrs at Kcrh oigo w e're Significantly 	 2M &M: Al11plots 112 mlat M 'h &';24 mlat 

was reflected in their performaln'e cirrtlaltdriln to e lears d o eaala t lith Ko hogo site (Table 8) , Th r 	 Korogo) reeivedi a aplication ofe toi city, sc or e_a.tthe v g ttlive stage 2(-3-36 kg ha - o fN IK. oth~l 
TOX liles a nld(CK 4 achieved grainl (r = -0).87; 11< (.(01). This stronlg exp~erinmentshad a randoinized co mnplee 
yieIlds inl exce'ss of 6 t lia 1 at correlation Ihetween stress block design with fou~r relplications. 
Korliogo, where iroin toxicity is Sympltom)s anld vield, however, hlas 

i;of always lbtell Ob~sc rve ill 
[pr'ce'ding ye'ars; so)for 199C5 we are 

PROJECT 4: INTEGRATED PEST MANAGEMENT METHODS 
FOR RICE IN WEST AFRICA 
The' incidence of' rice pests and demographic growth and land nor the means to invest in 
diseases dlepends Oil l intricate 
interaction among the crop, the 

shortage. Intensification, however, 
generally reduces biodiversitv and is 

interventions that provide no 
ilnilmdiale econolmic returns. 

biological and physical likely to increase flew pest and 
enviroin menti, aid tile tarner's 
rInarlagullelit interventions. The 
transition froi m eXellsive 

disease pressure. An intgiated 
approach combining l)roductivitV 
objectives witi environmental 

WARI)A's approach to pest and 
disease mallageuent is strictly 
interdisciplinary. It addresses 

production systems, which still 
domiiate rice lprodutltiOl in the 
sulbblulnid aild humid tropics in 

resilience is imperative, particularly 
for environments in which farmers 
traditionally rely oin natural 

)roductioln elvironment'its as 
agroecologicat systems. For 
example, we exalline we,es not 

\VWst Africa, towards intensified 
systelms, is inevitable ill the face of 

biological control mnechanisins, and 
they have neilher tile experience 

onlllv as compi itors for resou rues, 
but also as allernative hosts (or 

http:ipoeni.to
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parasitic nelmatodes, hosts for 
diseases sluch as rice yellow mottle 
virus (RYNIV), hosts for insect pests 
like the African rice gall midge 
(.\R(Asl), or as habitats for useful 
predators. The goal of WARI)A's 
IPM project is to integrate cultivar 
selection and m1aaIzgeilent 
interventions ili a way that sustains 
im1lliroved econom1ic returns and 
maximizus favorable ecological 
trade-offs. 

l)uring 1994, our III\research 
focused on six mnai n themes. First 
we continued to study tile genetic 
diversity aid environment 
dependency of rice disease 
resistance, particularly to blast ani 
RYWV. Second, ouir stud\v of tihe 
genetic diversity and spatial 
distribution of the pathogens 
continued to be a major research 
focus and will illtlhelear fuiture he 
conp lemented it'molecular genetic 
studies. The third research focus in 
I 994 was oiltile interactions amiong 
weeds, airtllri d s, aMid patIogeMs, 
with tile objectiVe to evaluate the 
intrinsic biological resilience of 
extensive and intensified rice 
agroecosystenms. Beyond the 
diagnostic objectie, some of these 

PEST ECOLOGY 

Ilelological and seasonal 
occurrence of rice insects and 
diseases at M'b 
I.A. Il'ilo'ichs mn A.A. S)' 

Effectively evaluating rice 
geriplasni for resistance to insects 
and diseases in the field requires 
knowing tilliime of' year and the 
growth stage of'the crop at which 
insect pest and disease pressures are 
greatest. lo obtain this information 
for )ests oi the \f'blfarm we have 
followed a rice garden approach, 
with imointhly plantings of the rice 
'arielyt ouak 189 1tinder owIan d 

studies explicitly aim at tilefuture 
development of interventions that 
Would strengthen himcontrol 
nechanisns. For example, an 

ongoing collahorative project with 
NRI on the ecology of AR(M, a 
major rice pest inl West African 
lowlands, will now focus on 
parasitoids that may help control 
ARGIM. 

The fifth IPM research focus during 
1994 was the analysis of seasonal 
and cultural effects on pest and 
disease incidence at WARI)A's 
research farm at \l'h, along 
continuum tol)osequences, 
including t0e irrigated lowland. 
Sixth, we studied the weed 
competitiveness of rice as affected 
1y position on tile continuuml 
topoSeCuelnce, lailageullent factors, 
and rice genCotype. The six IPM foci 
were con plenented with surveys of 
farmers' perceptions of biotic 
constraints and the l)est-control 
nethods known to them, 

Results generated during 1994 gave 
crucial guidance to WARI)A's 
cropping systems research and 
breeding activities. We found that 
across rice ecosystems illtile humlid 

irrigated conlitions. The rice 
garden was established inl May 1993 
and will continue for several years. 
Regular sampling for insect pests, 
natural enemies, stein borer 
damage, and rice yfllow inottle 
virus (RYNlVI illfection provides 
information oi hoth the seasonal 
and lihenological occurrence if 
hiotic constraints, 

Grain yields varied significantly as a 
function of planting date (Figure 15). 
IIighest yields were obtaixned foir tile 
September and )ecemnber through 
February plantiing dates. leaf 

zone, and particularly illthe upland 
ecosystem, naturally existing 
predators and parasitoids kee ) pest 
and disease pressure at a relatively 
low level. An important ol)jective 
of luture technology development 
research must therefore he to keep 
tile existing iiturllcaliSmSlledl 

intact. IIIM research is iai'ticular'ly 
urgent for tileperi-urIhan lowland 
rice-based cropping systemns, which 
are rapidly eXpanldilg and 
intensifying. From 1995 onwards, a 
multidisciplinary research thrust, 
including Il'NI, will address this 
crucial environment. 

Control of pests, diseases, and their 
vectors is least costly to the 
enviroilnlent if it is achieved 
through varietal resistance. In 1995 
we will intensify our effIorts to lreed 
for wseed comlpetitiveness, RYNIV 
and blast resistance, and resource
use efficiency. Particular emphasis 
will be on RYMV epidemiology and 
varietal resistance, because no 
technologies, either cu1ltural or 
varietal, are currently available to 
lowlanl rice farmers for control of 
this dangerous disease. 

feeding lamage by tile beetle 
Trichispa sericea and the incidence 
of RYMV-infected plants were both 
severe for the July and August 
planting dates. T .seric'il has been 
reported to transmit RYNIV and, 
Under tile experimental conditions, 
was probably the Inain vector. 
I)eadhearts caused by stem horers 
were iost frequent for the May 
(6t)%) and least frequent in the 
August to October (about 1(1%) 
i)laniing dales. I )iol)sis, l)IpsIs 
iniloplithahi anii d). apicalis, were 
distinctly most abulldallt in tile 
I)ecember to plantings;tlarch 
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-withinl atyear anut wit Jun atcropi 
season. It colltillued studies showthe Irendis to Ile'onsistentl t~roml 

.ear to vear, the daltil will be used 
* .. 1~. :K ~ ~, s a guidle for selecting planitinig

Ilk - dates and crop growth stages that 
4k , ,-7,,,' give rullaxillinll pest presslle illtile 

, ' f4eld-screening of rice cultivars for 
~ t~ipest resistance. 

,4' ,h,&Nt: SCCdlinrgs iflillvitd at a 25crrr x 
W; 2.ini ilrtitied assplcig. Fertiliz'r NIK 

, ~-l-t0))at (l(}-IH~.~ t50 kg ha ar tritnsprlanting, 
,/ . ~ld anA~',urta as 75 kg ia3t and 0t) da's 

;fill. k . after tiransplaring. I1%tIaid we CdeI. 

~~ ~ . (o ilritti ide jplUt SWeep-net 
r**.. - .~vMl'- llIjltfur Jlt IS [t t lld l attiuril 

T7 . •llies arid estirriations of piercenlta,ge 
The phenological and seasonal occurrence of rice insects and rice yellow mottle virus are moitored oftst.i-htnrr-C aSled deadhllarts riade at 
through monthly plantings of rice variety Bouake 189 in a lowland irrigated "ricegarden". Information twir-Wseek iriterval, tiri ghOu t crop
generated is used to time plantings of experiments in respect to pest populations. Nearly all stages of grovth. Strl diSSeetioiS to deterinire 
cultivation can be seen hjre-froni fallow to recent harvest. 

the percentage of SterM-torr intesratin 
leaflhoppers, Cofil i.sfh'tr arid (C. )ecenmher to Fe)rllary plantillgS. aild stemi-h rr Sl(ecie.s COlu)sitilil 

uti uhlItt/t, Most of tilec done at 30, 5o, and 70IDAT.RYtVin tIilc November insect species and 
plaiting; Locrik spp. in the spiders also showed distict peaks readings taken at 0 I)AL. Yields were 
Seiteniber to l)cceniiier pliantinrgs; Of ah)ulndance according to crop ieasured at harvest. 
and the grain-suckihg bug, Asptia growth stage. 
mtinta, in I)eceniler and April 
plantings. lredaceotis spiders were The first year of this stud' has 
ahurldarint thirouighioLt tile 'ear, but indicated that pest species 
iopulations were lowest in tile abundance varies significantly 

FIGURE 15: Grain yields of the 
6 rice variety llouak 189 under 

A A Bouake 189 lowland irrigated conditions at 

5'-
>" 

BC AB 
+i~transplanting, 

U BC 

M'1)6, 

1994. 

as affected by month of 
May 1993 to April 

Bars with a common letter 

4 C < r are not significantly different at 

-

+ UC 
2 , 

CDLDHCD CD 
the 0.05 level by I)uncan's 
multiple range test. 

'93 '94 
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Year-round monitoring of African 
rice gall m idge in Nigerian 
outbreak areas 
C. Villia~lu III( I, F...I. Ihkituich.s, 
K. Ihtris (111W), (. lkhidi'riti' 

Efforts to develop llPM systems to 
control the African rice gall midge 
(AR(GN) (Otscoliii ooivoru)have 
been intensified following serious 
outbreaks ill Nigeria anid urkina 

' 

Sup 

'I ~fl 
''"- j ii iQfron 

i <\'' T'.I 

Aiifestatill, 

IFaso, and increasing infestatoiin 
througlout tile egiol. In 1993 a 
collaiboratie W,\IRI)A/('AII project, 
based at I[IA Ibiadlln, was 
Cstalblished to altless this Obiective. 

IOioring 1994 we monitoreled ARUM 

pi)pulalions in farmers' fields in 
ce illraI an d soiuthIeasteril Nigeria, ill 
collaboration with the National 
(ereal Research Institute of Nigeria 
(N( RI) aiid extension staff, to 
lhltain i better understandilg of 
\(NAl ecology and infornation 
cricial to tile des'eilonInt Of IPM 
options. Objectives were: to 

determinle lost plants and habitats 
illportant for the diry-seasol 
survival and early wet-season build-
tIll of ARti*1; to assess tile 
illportance of l)arasites ill 
controlling :\IRtM; andl to identify 
environinental leterminlanlts of 

high infestation. Twelve sites, 
grouped in three localities-the 
Guinea savaInllia, hu id forest, and 
forest/sava n n a trail sition Zones-
were sampled from :ehruary to 
l)ecemher 1994. 

\Ve found no evidence that ARIGM 
coiuld use any grasses other tIlal 
OrIm species as alternative hosts, 
Although galls were common on 

midge damage in a 
Nigerian rice field. The 
damage isevident as light 

-,.Gall 

1 A" green slender galls, which 
t . form due to the presence 

of a gall midge larva. 

I 

) ,iI~7I 

thlie weed 1 .5spaill scrobiclatitl, 
they were of a different, Is yet 
undescrilied, Orwscolia species. 
ScireellhoLuse tests on AR( tJ host 
ranlge support these findings. The 

presence of tile ()rsvolia on 
MIa.s/hillin llay le beneficial, becutse 

it appears to be all alternative host 
for Phlj,,i.slcr iliplo. i\a', tile illaill 
parasite of AR( iN1. 

Ilhst plant splecies ilportant for ile 
dry-season survival of ARG\M varied 
according to locality aild cro)piig 
pattern. In tile forest zone, ARGNI 
survived oi ()..s thtii ratoons, but ill 

tile savanna zone, wild Ierellial 
rice (Or'z l'ot 'istloiihlft) was tile 
key dry-seasoi [lost, witlh ().. slii'a 
ratoolils and volunteers lriiovidinlg 
bridges between it and tIle rice crop. 
At tile only double-cropped site, ill 
tile forest zoine, AR(M and its 

parasites persisted at low levels oi 
the dry-season rice crop. 

Our results confirmed that the key 
habitat for ARGM dry-season 
survival was rice fields left faillow 
tlh rough tie drV seasn. I)ry-season 
cropping with cassava appeared to 
reduce survivall. ova species were 
rare, and AR ;s1 galls were generally 
absent oil old fallow fields (not 
cropped with rice in the! last wet 
season), permnlenl ditches and 
boMs, ild adlcentll uplandk areas. 

late and staggered plantilogs were 
associated with high infestation,
IMI rticlI arIy tl tile hirest /savaillia 

transition locality. I Jere, low AR;M 
populatbils early ill the wel seasoll 
tlid not l reluode hIeavy subsequent 

veryNinfestations:low gall densities 
to July svere coiionly followed 

by aln explosive icrease, associated 

ith low\ parasit sinl lesels. Results 
the irrigated site show that 

ibdouble-cropping does not 
necessarily result inl higher 

lrilhbly due t(carry
over of parasites fr(on tdry- to wet
seasOil rice crops. 

Results (if this inllitoriilg suggest 
several possibilities for inlmroving 
ciltiral and biological controls, and 

they Will aid in Ipredicting tile 
Coilsequen[ices (if changing 

agronoimic practices. Potential 
control Ileastires ioiclude earlier aid 
illore s'ilchirlllized planting, control 
of vild rices that serve as alternative 
hosts lor ARGNt, and the use of 
ARI(M parasites. These options, il 
colination with ongoing breeding 
for ARtGt-resistant rices, will be 
pursuetl ill N995. 

M&Nt: Sallnlling ill Fel., Mfay, jul., Oct., 
lc. Quadrats (25 cin x 25 Ci) ill 101-201 
pace intervals along parallel tralls'cis 
were sainilled to nlaliate densii of galls 
oil all (ranilieae sliecies aiind all iilan 
habitats, anl allnidilICt of( 6rainiieae 

specie%. Additioinal ntlaat, were 



WARDA ANNUAL REPORT 1994 
RESEARCH 

Gadza, Niger State 
(Guinea savanna zone) 

Nauba, Enuga State 
(forest/savanna transition zone) 

1000 

100 

18.3% 

8 100 

1000 

100 

43.9R 

100 

10 80 E 10 * 80 E 

= 
Es 

* 60 
-S E 

.8 1 60 

0.1 OL 40 0.1 40 

0.01 20 0.01 20 

0.001 
JFMAMJ J ASOND 

Month 

0 0.001 . * m 
J F MAM J JASOND 

Month 

00 

Nung-Obong, Akwa Ibom State 
(forest zone) 

Ekoi-Mbat, Akwa Ibom State 
(forest zone, double-cropped site) 
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% Parasitism by: 
Aprostocetus 

Platygaster 

I:I(URE 16: Seasonal changes in ARI(M population densities and parasitism by Aprosto'tus procerae and 
lI(tyival ste'r diiplo.sishe at four contrasting Nigerian sites. Gall densities are site averages, including all main 
habitats. Heavy lines under x-axes indicate periods when rice crops were available. Percentages show 
average tiller infestation levels for sampled rice crops. Ilost l)lants, other than rice crops, on which galls were 
found, are indicated: 01. = ryz lo iistaminata,OSR = 0. .sativo ratoons, OSV = 0. sittil'a volunteers. 

Searcht tli)rlikev ,lltrnatit, ho ts. Stein lorer species composition in inakillg t.l ) more than 90 of tihe 
( als were diStSCttL to ISWI jkLrixlnt rice-naize cropping systems in hionass. Stem borers are known 
)aralitisni. ()r-iCi )i).and j)araSitVs ()te d'lvoire to he iiliportant pests of both rice 

were ijttItiliCd hy K.I larris ad (l,\It1li .,A.Ih'niricks ,i and maize, hut little is known of 
taxii iiists. Iluring tie cropping F.Sctulthes.s. (IIA) the interactions betweetn stem 
'A -ason. J)IrCiiItg-s ot tiller infestatiun borer species ini rice-maize 

ritu tields we-r- rccordid, along with Rice aI11 inaize are often grown as crolpping systems. 
liildparancitirs ))(iqlylinLIUtCcifig a.mixed crolp in the rainforest zone 
iOtcstat ii). (f CWte d'lvoire, with rice beitlg 

tile predoLlliillt cOtliponeent, 

i 
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A mixed crop of rice and maie ii Core d'vore. 
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Ma Maize monocrop 


70 Maize inmixed crop 

Rice inmixed crop 


60 

50 ,Chilo 
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Eldana Maharpha Diopsis Sesarnia Busseola Chile 

FIGURF- 17: Percentage of species (!:hhd s,charina, Maliarpha 
,S('lr'!it'lla, I)iopsis Sipll., sesaini cg mnistis, iBus.uwoh fuisca, and Chilo 
spp.) composition of stem borers dissected from stems of rice and 
maize plants grown in rice-maize mixed cropping, and iin imiaize plants 
when grown as a nionocrop. The survey was conducted iii farmers' 
fields in the rainforest region of (Cte d'[voire, November 25 to 
I)ecemher 3, 1994. 

In 1994 we conlucted two surveys 
in. collaboration with IlFA to 
deternine tie sicies c n lnositionl 
Of thie St12Ii borer o_'tInIi)lexes and
 
tile A)LIII(+Maice Of stei borer
 
SjH)utin ite andl maize in rice
ii-a ize nIlixed ern Iirg a.ld ill
 

,,. is a ',e, crop. Ihe first
 
,tt\'v \as COtnttCed tune 2) to0
 
ulv 27 il the wet sase n, ant the
 

,,tttW: olld slr'vIev Ini1 Novemtiber 20 

DVLto[)1cciuber 3 ill the dry season. 

Thie sLre's Were Co,(iiducted Ol 
Sfarn'ts' fields in the areas around 
YaIo)tlSSOluki-o, Boale, ( a;lOii, 

l)tutkut, I) ahl, Man, and I)allane 
ill ( 6te d svoir.' li the first survey 

l39I,./nlai e fields and 3i nlaize 
Sl)O( cKI Ields, and ill tie second 

Stive+ ce/maize aild 65 llaize 
n____pfields wVre sampled. In 
each field, It) illaize and It) rice 

plants were dissected and stein 
htrer sl)eCies deterniiliniUd. 

Stem bmrer P itt ions were 
generally lower ill the wet Seasol. 
The borer species restricted to rice 

were l)iopsis sll. and Alolimpha 
.stl1r1t hl , whereas Iusst' ohl , 

spp., lI. w and1 llh 'lilhl, 

silllia cilli.i lis Occutrretd oil both 
rice and nw izt. No Al. ..;cpun'lla 
were collected in rice in tie wet
seison sLrveyv, tIt it was the 
predonminantl species (52(/o inl thle 
dry-season SL'VeV, totowed by 
2)iolpsi. spp. ( 1911), S. c 

11111iltis 
t8,Y11), I:. ;Ilt o1:hril: (W,0), and I. 

/i:._ )lilu(3%)(Figure 17). we' \lthougth 

o)served no differences in the 
relative atiundance (f t)(rer species 
ill maize wiei grown with rice or 
as a sole crop, the percentage of 
maize stemis attacked bv borers was 
significantlv less ill the rice-nlaize 
system than in the nonocrop niaize 
system. Stepwise linelar multiple 
regressions yielded significantly 
negative relationsships (P< t)t(S) 



between the incidence of stem borer 
infestation ill maize and the 
a.bulndance of Wild plant hosts 
and/or rice. 

r resnlts indicate thalt rice 
act istrap plants, thereby 
decreasing the ,ioLnIlt of stei1 
borer attack iltilaize. III 1995 we 
will (ololdtct experiments at l'be 
to verilv the preselt Il'stnlts alld to 
determille tit'degree stem bI(orerIof 

attack inlrice as aftected byv 

dilferent densities of illtercroplp+ed 

niii/e opuhlilt ionS. 


Response of parasitic nematodes 
to mineral tertilization ill 
upiland ric~e
uln rowiceP 

Rice l)oot illltstiti(l) with 

IMIlilitoCIVeS depends on both te 
rice Vllietv and the1elIvirlnmllenIt, 
ilcltlding soil tertilitv and fertilizer 
a11)plication. In 19)4 we studied the 
effect (t (og-ternl differeitial N, 1, 
K, ('a, Nig, ald Z ttr'altllts ()I 
r(01 neniiat(deIt tltiencCv illthe 
locally' culti' ateI ntinatode-
susceptilile variety IID)SA0. The 
exlerilint was a lonIg-terln illtland 
soil notlri, nt deficieLncV field trial at 
Xl'be, ('Cte d'IVoire, in its sixth 
consecutive ear. 

Ftir species of parasitic nematodes 
were naturally irtsnt in lte trial: 
M\hloidrJrtlw i/11' a 'ratlc'nclttl.
 

t'h'01int 

a1(. ('ritotlw'mohIt t'scoflt11. The first 
two species are known pests of 
upland rice, btit the ccology Of tli 
last two is less vell tunderstood. All 
lelmatodes were Illd illhigh 
densities (Table 9)whicl, at least 
for P It' and \l. iCwoIhi, 

/'t('I, Ihllijo /It'dorlotbIsfs, 

hwould 
translate into significant economic 
losses, 
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'TABLE9: Numbers of nematodes recovered from )lots treated with 
different nutrient appllicatiois 

Nematode species ++ 

Treatment + Al. inloavita R zeae 11. pseudo- C. tscorIlli Total 
WlOlNilu' 

Zero-check 4.02 3.4o 2.10 1.39 10.96 ns 
compl. fertilizer 4.15 3.41 1.65 1.48 10.69-
N 4.27 3.47 1.90 1.50 11.14 ns 
I) 3.63 3.20 1.18 0.82 8.82* 
K 3.56 2.95 1.86 1.19 9.56 ns 
(:a 4.16 3.48 1.611 1.48 10.71 ns 
Mg 4.13 3.(13 1.84 1.0S 10.()4 ns 
Zn 3.82 2.56 1.35 1.1() 8.88* 
[SI) ((.)5) 
CV (%) 

0.98 
17 

0.93 
20 

0.77 
3 1 

(.82 
44 

1.66 
23 

= zero chuck = no fertilizer
1m = traisormlledi.'t ilI lf 4 replicatiIInS; iiiilitOLtoitlnumbers recovered from 

l)()ml soil + 2g roots (fresh weigh) 

=AgnitficMitly I' < 0.01) difttrent Irom coml)letely ferlilized control 
Its = lot signific f Irdnt fertilizet controlm compleel 


No diffeiences in total tnelmatole 
infestation (all four species) were 
obsCrv'ed betwveen the treatments 
fertilized with either lolle of or the 
complete ralge of elements, 
Infestation was significantly (1)< 
().05) lower, however, if either 1)or 
Zn was witIheld. These differences 
were oll\,evident for the 
collil)ind pl)ulations of tile four 

leinatoIde species, whereas for any 
given Slecies, 1o treatlllelt effects 
were futnd, 

Our results permit two preliminary 
conclusions. lirst, soil nutrition 
Illay affect til llelllatode infestation 
(If upllandI rice roots. I lowever, such 
effects seem o11tto) he related Ito the 
overall fertilization level (full range 
's. 11o elemenlts appltliedl. lstead, 
an1i1 feltilizer apllllicationimbalanced 
(deficiency in 1)or Zn )may lead to 
reduced nelatode populations. 
Second, increased Ilelmatode 

infestation Might neutralize tile 
potential yield increases brought 
about by 1)or Zn application, 
thercby iasking actual deficiencies 
ill1Pand Zn. 

In 1995 we ws'ill study inl more detail 
the response of rice root nematode 
infestation to soil properties and 
fertilization, )articularly in the 

highly acid and I-deficient ullandl 
soils that characterize ILIyuland 

rice environlents in Vest Africa. 

MAI: The long-termn nltrient 
deticieItcy trial at NtM'/uiJland follows 
an ll. It desigii with 4 reIliCatiOls anid 8 
treatolnlts, illcludilg a Illt-tertili/ed 
colntrol lid a tullv fertilized conltrol (I1) 
k:glia-I N, 1((0 I,Ittit K,So Mg, 10 o. 
Flr the remailling 0 treatments, one of 
the clements was olllitted (e.g., N, P,etc.). 
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wihite lealhol)per parasitisnl 
in (Ute d'lvoire 
K..I t h'imith 

I li dollinant It,,-itiput rice 
)roductitn systcmns ill West Africa 

rarvl\" use iiscticidcs. lT1c' 
iliclCI iigihIv Oil Jlattral 

I1CCLI,iik Ill or thu ctntroil i 
inhect I.stS, sUch as,hltt 
lath)gun'+,, lprudator]'s, and(+ parasite+s. 

Inl a It~It3 tuk. we_, loilld iiternai 
st rupsif tural I)MdrSitUs 0I tile gcuu1S 

Wvhite IcIlOi)i) SIX it .LCSc It 
\V+.IDAl.V, c+Xp lw i tiltl lati at 

. sp'hl lvit.t , ls ()I olithl "SPt'I/d 

IIct2L 
itI dli l rice fields Sh(),'vCi 21i4) t(0 
3 IP ald 8' ! It)IH rasiti,,nd, 
rcSpCti\'Vil. This, sttldV WaS 
CN+XlMJdLI 10 i'cIkey iIcatio)ns iil 

Itil C.II.I1liIt 1 i0 t1101t0 Iirt)ll 

ii uci t 

(A) i'i\'tL ir' inl I)t4, itliCIldilg 
M 'i , ill ()rci.,r to) c , _,l til liee 
ilIi)()rtiicc OfIsttul)sil)traII 
[+at'a'dtis.lll O)ver a wvide.r +tlbregi()li ill 

tile Ilalill twct ,lc;t)II. I.eaflit)i)crs 
Wure c i(lc'(t fcirOili Slits ill Ilie 
I il ()t[ru t, ()rest 5i;it lill, ilid 

i\' tti II t r tl( iLI t lI (gicIlLcS; .lili 

11-0111 lld, illlllI)IiC, ii 
I,l athid ecosys.,\.,temI~ s. 

sire sisptuau p.,rsitism ti leitl 

,\'Cuit+ u,_ Ihighcr ftir 
C..N/hr/,+h wvith Ill I\c.ragc itf 21I
(raige tif W ith a , iii oily

(rof ng8'N ,)1t , Mid (1111\ 
1()% (r'angi tii 1% t() 21%) it)rI.'.Ilnriltltlihhift. t'arslWtJisloti Ct. 
slcics Vas bothihigliit in Ktirh )gf, 
sp'is, w%\ic ar hitil Itatt.ci iii thel 
saXiWhic illC(Figltctt I i ll. tile 

(Our 
+ results incl~t'e th1t tile level tif 

strtl)SilterhIt lirasiisn Iti the twO 
(t.ofipterpecis ) itlil's' filds ils 
ctiiersc regitins o] ( tte ci'vfierd is 
siviilar it)that tfn the WIvI)A i'h 

30 
i..Cofana unimaculata Cofana spectraMean =12% Mean =2196' 

25 

20 
00 

E =15 

10 

L 

M'be Sernhlo Ouaninol Gagnoa-I Gagnoa-F Touba Korhogo 

FI( UI I, 18: I'ercentage of' cm u unititcudatlui and (. specia 
parasitized I)y the strel)sipteraI Ihiictoplik9's sp. in a 1994 wet-season 
survey conducted at several locations in the rainforest and forest

savani regions o1' (: te d'ivoire. 

Nihe = \VAII).\ ililld itilds; S rihiit (ear ,igomtl = ltrIMILrs' u)laid, 
h\'Lil~llt~')rlhit., dlld h01vldlld lid ',S;O~LN11llllt (ilvar l'oulba) = tariliters+' tlilld fields; 

( ;aglltd-I = htIvIalld litidd at t l- I])ISS,.\ Ilesearch S tioI; ;dGlOIiio-: = farillers' 0lVkullcd 

fijlds; il .)l)d = Iarllk,ri'' Iow llld ficltls; anid Ktrlltg) = Iarllurs' httid id fiiis. 

research farll. These parasites, 
wihichIprov'idc a high level of 

l ltrol, 1ltiSt IVwIiiihltlilleld 
I;+ISct_'.i)Jilg s\'St l~lSaid tlIst he 
intcnsilied. Nltor research is 

required and will he ctnducted I), 
VAIII)A to cictrliine the effects (If 

crop intensification oil pcst 
)arasitisIl, anid It) determineJ 

)pssihic alternative cultLural 

practices thai might hielp Sustain 
natural contrtl ticchanismiis ftr 

itisect pIsts. 

Ntic: ,.dthlls 0I W\hit(. lcalhpl)crs wcre 
cttlccd lith ,\ell II, tilurillg the wet 
stastnli. For thec Seven sites l.Ierret to in l 
Iigture 18 ststci)ig Wvas,thtll At %II) (111 

were taken oIl SiX iS dt Serihii anid 
()uanioltlu, Mdil tlc LIMCdl )thler 

Ioti'thlS. IllSeCt, were placed ill ahict)ili 
dlilt r ltlltd t)O ilt.dll it)rIattr\ for stuyiV. 

The influence of' weeds on the 
natural control of insect pests 
1. Alimt, A. RisscII-Smith (NRI), 
1). Iohsim (NRI), Wt/d E. Ihjic/hs 

Farmers inl traiditinaill tllanil rice 

sstelis rarely mainitaini a weed
frcc crop thr()ugiout the scason. 
Although weeds copi[lete with tile 
crop, they also provide habitats for 

rcitlatory arthropods which 
regulate insect pest p)Olulations. 

12 daysiiA 3-to 4-da' intervals dlrinig 

the reiproduc ive stage t)f rice. SilhI)lI'S 

mm 

http:Itatt.ci
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7." graTcillOm fhC ctul'tat/ Itclit-d"litI t. i tianH'IM~hI 

atIx)vl-lcrcl \\ckt'tl Itclii, itl 
it thuhro", t lonIl' ltk i.rixuld 

i)l intc 1\ lllcoli t u tv itla /ll1 
Jll)1 lilt d l ICLIi IllilltV 
anh thli[L\t.["(l.k/)lit'.dI d i thc iid 

,.oooiIg riMii\Op p i pg,0tr' I)flldnf, d4 sa ll ilt) itli . Ill th cwhIm , / ) i ' 
x:i litd r aIdnd t t i i L,,% 

ds acd i iJ\ 
,.,..t 

tC 
tr*l) 

Irllfino 1A\'lJo 
, \\TI C i)t),i ti\-Ch 

V (0)i tf' (MrrC 
ll 
l' 

uxI:ci tictwith t hi tx. l)()lti aI . ixx(vg a lx 

i-vict l ut~Ill th t](1 ).) Illt vcICd'clllll. /(JI lL', 

h t aitdt dcd Irl ath n idir t 1aiCd ItiCiUan lil 
a d d a t t fc(to v at()rtu

WCUcd/CrMI) hhonlhM 
n 

rdti,). 
cith 

Wedm of rice field plnted araraRic ws ,ire o ier./it t le we~edi je l rt ine foreg iru n d 
pltutsdin u ged due to competition wth 

I l l l il t_ W\c c l d i l i g I t ,gi l l l .' , It ld V,, 1,lid c 'r 

J)I)l tullu 'r,\V I Si4 I i ci lyk 

Ill 11)1d4, u iti l d tortlI (df rulxg'It u mLtTlllC nS)tpiati us olll(l lattIIL" ill lVuc 'tiCLgi)h)tti)dl trdid 
(A'x-111C'rin
daictit, 

tdl 1111d dliagnmtic
to) CLICidill, the, J) )llCU' 

wV,uktCtt ,ir a )npxtS,
WeLt_(IdLI'tL'd MIIAVVI, Jn il IM'"' 

notdr)idtdto)r,W \ uC xld 
hliglh(r ill llt;ldllll 

ruha)tS,ThCir Aiit \'W 
II ' \vT, dL'd p)() 

h (;C, H Infi: c 
d(2tr'inui(ltAI CCO 

, tl ed 
Olc%V()I '_l 

fiI 
/.()tlC 

il tlth 
Of CC()Itk 

'CtMid Sa\'anna 
'l li . We' ilko 

than in h n 
anld ilcti\itv xvai 

L dCcl 1)10h,
hlight(.z it maual l 

I)flla eti enl,< ild10I I, tltif\' wC d 
Mllid W\CULItl ru idtlIC l hIII/ lllCII[ 

C 4hlct0d ,Xl ilW, M Xl'h5 ()t
theU CHlCtS 01 ,'\'TII dliffVC'r lt 

wu(. , t()k
j28 tot 0 ( dLIV 

lL. ' dt nlil, ,,(l
M'ltt'l CIIIl''g'lL'), IlS 

[)ruetiCCs tHIM WO')tld il1 i I(t he %\(_'x'Uc'u llg Ik'JII' lgI~ill"t Vl.' CLId C.'( )lll) Vl'.1 t to 'ilv\ (Krtalc W\cU'lizlg. 
alhtid(+amle III pi~r lt()t,, re,,iduie mti,: agt+'mlcnt p)ractices, ~ohiil M MI 'c,%V C~ ltg dt.ll idi, M,) did 

p~redatorns and pes.'ts. 1n0t t-CLduce 'ic'Ild tClati'c' t( the 

FI(GURr 19: 1:'l'ffect of' weed residue 

lll1mllemt 01sp~ider ipoplathionls 40 5lllll 

andl activity in upland rice. ' LSD: Population = 8 Population 
wet season, 1994. LSD: Activity 0.7 Activity 

4 
ScattUred = rettidui randnil' (iist riliitd; 30 

I'ilut' = I Iile/Ittit-t; Strili- tI tri I c Ury S 

roiws (i riL ; aid N I",ittic - alI t h 3 

rurtriivch.lltoo m 1i)1tI. Spidtr piy ulUat ntis ar , 20 ' 
<IaS d ( )1 1 t c ' I I 01.25)I l l (J dti lt t ' )U ll k C.2i u r , 

treatitilit ;it it, i0. Spldtr &_ 2al aiit 8ii I)At.
actiiv is hasd ()IIi pitlhil trapis icr 

tr a tnctil it 4oi, o7, 88, and 120t t .. . 10 

0 0 
Scattered Piles Strips No residue 
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herbicide-treated [)hts, kit it explained in sulbsequent studies. Il actual lV caused 1). insect pests. 
maintained a ouch higher contrast to spiders, alt poptlations Based on this, we will then explore 
population of Spiders, which are were not affected 1W w gU.,in technical options for a more 
useful predators. Il tilie weed regime or residue iallagellelt. inrtegrated control of both weeds 
residLue manageme(ntst ,ttdV, spider arid insect pests in farlincrs fields. 
activity was hiiher when residue The olsersed influenceC of weeds 
ss'as placed ill strips or scattered in aid Weed r idtes oil natural Notc: Iruallients: It wu(Tdd, weeded II 
the plot thaM wshn it was piled Or eltenlies of insect pests suggests that to 21 dix' , atr iA..].), 14 to(Dnergel1(. 
reliVod froi tile p)ot. Tle lowest the weet/predator Coii)plex ]lps to 35 I)I:, 28 t) 41) t.1, 42 to)l3 t)AI1, 0t 
populations and the last activitv mailtain alnatural hialallce inl tle to 100( I\F.; herhicide treatillient-
Were reIold ()it residu-freT ]lhts potulatioln of insect pests. 'here ln'iNar ,l)litl'd it [alltinlg aMii (laril it 
(ligure IQ).I Inst sI),t sents to he scop(2, howeTer, for 25 tA.. l)esigl-l1. \Vt saSoll,.UleI l)ol[ulati()ns 
aild da1iltage, howvvr, Were l1ot cOlntlt)llillg 'eels While sstailli g - Nost,ier, tlt4. tlot siie, 7 il1 x S ill. 
affected bv residue placemnent, and useful pltlatZtr poitLatioLiS. Il 
this finding nLeds to h verified Or 1'6 we Will Colifirill these. results 

and relate tlheit to the crop damage 

VARIETAL RESISTANCE TO BIOTIC STRESSES 

Determining traits that yI1t),' Two 0. ulaberrina varieties-CG 14 
enhance %weedcompetitiveness and CG 20-gave the higlest
in ,upland rice 	 nutnl1ner of tillers and leaf' area 

AI. Inlu's, 1). ]lotoitm, I. Ini1t0, 	 zall[terlevels of mallagellelt.
andt 1I:Kulctit Rapid vegetative growth, which 

41 was tile 111ait] Conmpetitive 

XVteed in festation is t mai or cause (Of advantage it these cultivars, 
IOiw rice yields inll larid ar.l t helped keel) wveed hioniass very 
Iydrhon(orplhic ecosystem]is inl West lowv at 40 avs after s,),.ing (Figure 
..\fricl. W,._,difg is gC11rAlly 111MI~ll, 20). The Coll),ratively lowhut ill n1ns cases effective Weed 	 tillring buttall-statured (). Sutlit'ii 

c(ntrol is intlpossille (lue to shortage gAnotyl)(S VAI 96-I-1 ILd SP4 
(If, Or t(Wi)petilig deiiMiands fr,labor. also supl)ressed weed growth. 
One sav of reducinrg CostIs weed :' - / Neither of tile tsso grotips had 
control inl)uts (riantual weeding or . high hields, This was tilesowever. 
use of herbicides) is to use weed-.. ,"case for tile (). ,Ilb,Tilthl cultivars 
conlrtletiti'e cultivars. TWso * i because of their inherently loss 
exlerimients i.crc cOMtlucte il 1994 ., ' spikelet nuntber per panicle and 
to identify varieties thiat can clt. ptte ' for the tall (). satliva cultivars 
With Or tolerate ws'eeds. .,, .+ hecause (f lOW pariicleitiniber. A 

S-.. :'- "..t 	 third groluIp, represented h, WAIt 
In tile first exlperineit, sixteen ,181-18 ;.,, XX I -5t, ard WA.• 56
promising g"rt( pes selected inl 125, sere high tillering. had high 
1993 for thei1' Weed l aircaIeatand interniediate stature. 
comtipet it ivrss wsere esluted Vsl'These mtaterials ssere selected for 
under high-, rtcliIn-, and loss- .- , detailed characterization ill 1995 
i1)1put ma.li agemert at \I)A" ,4 - because Of their tolerance to weeds 
hea-l"J arters. during reproducti'e and ripening 

. stages, resulting inl su[perior yields.. c ,-:)... ;' .L,' 	 Under weed competition. 

0. saliva x O. glaberrima lines about 18 days 
after sowing Rapid vegetative growth and early 
tiller development are traits that enhance 
competition with weeds. 
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500 400 

400 

20000I.-e 

1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16y 
Vaiety 

weed weight LSD (5 ) 73 .1 tiller v-' 

tiller number LSD (5'%) - 365 L..] wdw 18 DAS 

A) Tiller number and weed dry weight 18 DAS 
under low input. 

500 1400 

400 
400 

1 120012001 

300 800 
E 

8 200 j.600 8400 

1000 

0 
1 2 3 4 5 6 7 8 9 10 

LI
11 12 13 14 15 16 

200

0 
Variety 

weed weight LSD (50.) = 99.3 tiller inm 

tiller number LSD (5°.) = 36.5 ED wdw 40 DAS 

B) Tiller number and weed dry weight 40 DAS 
under low input. 

500 1400 

1200 

4000 
3100 

300 6 w 

200 ILUI 
0 0 

0123 145 6 789 101112 1314 15 16 

weed weight LSD (51.) =144.2 tiller m: 

tiller number LSD (50.) = 15.4 L: wdw 40 DAS 

C) Tiller number and weed dry weight 40 DAS 
under medium input. 

FI(GURE" 20 A-(C: Reliationship 
b~ctween tiller numlher and weed 

(t0ry wvcight uinder low and 

ooediu ilipit. 

Number 
CG20 I 

CjG 14 2 

WAII 56-50 3 
VAB 181-18 4 

\Vi\I S-104 5 

6WAB 56-125 

\VAII 96-I7 

11IIAT 144 8 

VIC159 

SIP4 10 

WAB 99-1-1 11 

I)SA 10 12
 

IA 257 13
 

IAC 164 14
 
IRAT 112 15
 

CNA 41316 16
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, I, itilt i , ii vt,It (i

[tx cilnl <1iLI, I'llig, (A1dille'rvill
 

plkit S t - l ivIl, till rmnca l o.t \ , <II I ,<l,l 11 y yn 
T 

Int'l scuiliii gd ii l tt 1v (i)l 
dilS 'ril*ig I L le] 1 \iiil )uIIItfl. I 1hC
 
Af~tt i tc \ <'S, I(itl'l Il I IraiI
 

L iL i d.111 diiti ) titiO gtI,t i, th 

\iIL ' iiit IttiItItIC i 5IC t i i i ' l i(fii ll" 111glk't nt 
Sigqili , II ,'- )( I I. KL Ntrt ',i( it 

,iiIlh Itit, lIt if1 it-ti,- ilt "7i;t i 

iflht', \\illh 1)()()l INtCt-t! L(;iIll()I, 

I) Ln ' AS,igILL liItn,I i)I \i ()t Il ii\ 

Wi(t)\
ith ,"()()(I .\'('T'L (L)lltr(], %\',h'isi Ili I l~Lf IritrIat Ieitn I1 boIee byit Ir Ioeat on sid varietiesVi 

'i l ,1Ck tL I t it ICIi=I ii\ . t il 

1w).\ t al.7l I, i llII It llb (1r (). 0 -,llt 

C Il (I V.'.I )I ) ILIt)i iH litI L I I 'IIvrI I vI().o ' iis Iri IaheISiiSJra ItIII II/n~Iutitiiiiviilr.Iitjt thI 

suiitilui. intti ti •ii=isili lilitt rite~,t k~uittils ll.Iii-i InI ut)miti tl l1 aieiiiri h nnnnvScr. \Vnlfu I\ iSota' i 
Cuitiih'ticti \tiriuss itinitniitid ttri ltttiiniiIi- Vi~iildS. utititul n rcei 
de\ dilyo l v I ll' I i IwItt)lt')l]()l'l cCCt Ig )tlin 'l ,igta lltIck IIit Iis~ua r'la 'a~c l it 

tiir ldsreingfr1f nititite 1rtI[iSurilSlQi l l . riot( N)I iCrttvtairedrcst toiig.h in )( atL i t threo uiei tilai e tWL'()IS. Ail lIL' it i liit-iI p sinhby mderatlc 
, 

wittlv,. h1iglhlllillu \\tt',t111()'ll t()l (tttilII I 1iI resistan awi , e u unl de raetipartcul h arl yIli'l poorer sils, wrec1 
(i. l i t,,ui tii itvvtits.lc' with \si,tiil ,4iii ()2. -ItriI >it it triljlt l iltli,i+lVtliini trui Jl(lngniir 

Idl i It ti 1i-iua lit 'l (t h ,f20-o , ill rII savnicIruinnii)al retts-tu lt r iiiiiirgii, rl' )I t !\ t v~td l hl ntt 
hi iiil(' egVil l l illien () f\ ;'r'ii fc l l~i l ca~cc 

t
COI)I Ct el ICSSrl of,~ ( ) r\C h, sev td(I ittilt i i lj)in' ;I' 1CHOt flo'utl, re t1ue hmr,1 iCS 4 11,1th l\ (L''I )I t ( l \ LL(Ilg dt'tIgr(t). i iti t I ti iiiiii di inuilloI (k i (.L..lrshn Mti I-iil ," Il v tialb eln telnge i r cllwrtimnriidt 'iJ()iitt, iS't ()Ii lt'i it • S. IIlL Ii-( ' g i nwI edi l I()niIiH\IIiLIi aI\\((IhW, rW ill\ A ()r t -\ l uto i ) i i WR"( ) tilti'a i c e r r ' i l ,I it Sit c , r ,l id ll tI . h a r it n t, , ,n i r
Pe il- JSJ aIii i iy 

(Id\, tl,,5"t ()I )l \ dt()f(,\SdtL h ri on, otl'lllv twol, i : 
It)iit-iIgtIe'ii ttLitW ill t (e iiLiLIii t IN rLIt~tnIIIINb iLt ap g 

i /i lild 

liilieintii ~.i Jlit o (AIWiIl l t L llcrld' il Ne sIcial vaP it~ l 'tt'l Wlli t I i I ll[{ l] iR~('I) , fl ild )(t S e ol c Iiii l iIleS oItl/i . li< ,ili~j(% III lii are im po,%\'rt, i ll itratsIat .()IIIil tc h Ilie\%v LR I (IigL1 W SL ' StL 1\( e. tou%ItI I IL-\V lLiaIv yeaeil r h i specie of 

licet 'ii-iiiiil riuoniitnIdSHiiiUNh.L lwtI an hsh ) tiI\nsita411-il-i ltkih N'riK it ir)tt )l 4m t Tt icn gtIi l iNis ' north erni( ie I elin WaIn S.//'/1irus ii tiiitllii'ccs 

Pli t,i\haittiIum iar XwIirtty hitl. <iiti-h t , 1 ll k t lmittPi]ihlI ,, +li i (. clurs iinL nntl,Ilu0lt Ullc tlt sir..g(hnn,dlt'tI lid (n[IaV , As glissicicN C0l 1111r011 . svu 
Irt h' -i LA dvSt~ ll al 1 1R irhll ll , landC /iitl i's ,N gila h 1a t lll nil lt l I CI ()ill i i/t l . o e .ltrill. ,.Alhto 

, h c , ] ')iAndcIN#SIchpUl mv I)mUaeitt '( ,S nIn ) I eslt c i h t anlio)l sl t 'l 'oa 
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were selected I)c'aUs of their high diversity anii spatial diistrilmtioi of 1.5 diurlig thLwcarsl trial Ill.i S.f) 
natural infestattion with Stri' t: Kituto the pathtogen, atid tile .,stlltiatic during ticlt ti.l. A\llIOl itht 
(.S.,'jicia; por hydronltortlic soil) testing Of resistant gurtilplasil at rlt.,t r',istnt clttiCs i lit latC trial 

id tl orltogI S.Iolroollthica;poor hotsit sites ac ss flt_' rcgiot were I( )X 3ff)S-AS-2-3-3 ,id I. )X 
ulpland soil). 31 2- I- - -- 1-I- 1 OIC( 10 1 ), and 

)urintg I'104, we cstcd a Crlitll,lug- V.Bl -I 21-I, I ( )S-lB-.5,'45(

All U. ,H timi linus ttcdVStC, ,L," for bt'llast, tfcsigItCd t0 1O) .ON)04-Ho- I -3- 1-2, I ( )X .1lf,
Sito,.ud goOd r"csistICL' to S. aIaS1101, ,accClcrtC lhu idClititiCtio lrIald 17-2-1-2-2, arid \V\I 488-170f-1
 
bit Oi thse' OI)lv M27 12 were trrizatiorr COIrt 2 to 3).
111rid LilraCLt- Of lite irVrpINiri 

rcsista it to S. //(,/Il nillit,'. w ith diic.r,.it ,t+Isf rOf ,Sis'I
iC, . 
Iht (). ni linics 11R47255-1-ll-S-4 , itlrurscri, totallii g 435 Citrics Mhe itost resistant cut ic Mftto 
and IIlt)1 S5-1- 2, t)t-V wcrc svCritV ,corcs) to rrt-- ,\'iolu,,ly planted ill two stdggeted wCrC i)tdcLd to 

fouiid to) I)(' Icsistarrt to S (its\tIcltrouioISi tCrniporllV iurxScV, whiclh Will
uhnit a Coitntilalftiori 

h lcoliui(a ill IKctiv, h\ I( '11T., o'crippill tFrils ill uic Ald duringhl tilt' VLhicblaMtct+d 1w ct 
'cr- rcStai t to both SI)CLiCs ill SCl)tcImhCr ,t 'bh,. FIXClt tor to C Scuil in 19'6. TIl hUSt \ riCtics 

our c.Xli)cihitcri t,. I ie suISL'cptilt- clhecks, tic Citric, ill tilt' to idcniiti+d ill this corifirraflitoi trial 
clieck .\ I S was dUV,tatc. tutrsc+riuS wcr- ditcrcit. IIh-Wvili lie iirs)ftod t theIN( . -Alrica 

UXt)FIiiicrrt Lcsigril wis siiilar to coordiilltor t lrriilillJitito ill tile 
li" '"l, stlu'gg",t tht guniti . ilhe IRRI stantad niroclCI, with tltc' Africa 1lat-tsiStUIC sorCtiIlc 

SoIltc's t 'iLc I 'aictllL t Stli diltCrrt'cct fHIt in.tstl (Ot tic row, Iltitl'SC, ill ordcr to dsSCSS tlheir blast 
1t tlc .)OrfLc 	 -.35 ell trics toiitcc cros d I),aII ltrlll Ortit. . Is ' re irllit t ilt( It llurrows cachio t)I -h broadsli 


iilIrtvLod \arictics, tiC, CLIILI W(.10 Iu]Mlatcd. I:fo L'VL'iV ,f() ClItrics, elr'iio)illL'ltisaiL to iiake tlei
 
,igrnifililrtl rkdacc hf,',,scs iti infest-ed titVC ,,sc.)tihlr Ituck, ( t) ,t), hroadis' ,lViiuiWc to breeders.
 
,rcas. Field SCrctlirig Will cltltinlut O)HJO (), auid
.laratclli, ()7, ,(S 41) 

in lI).6 in or]dc+.r to clilrgk, tic fiv resistaint chUcks G2ff, IOG)
 
S,,iUrL"cs 10r r'SistanlCU. 0387, I kli, 1 (it SS If81,\V.\It So- Ariciat rice blast screening
 

St), wshitch lid [previou'sly bccun nursery
 
K&\t: I( Bd,,igi,: .' v,Iill).I irld CltaractCriCtd far thteir ditlutrcnt ial A.. St. Krislhlhil .11111i (/17t,),
 

-f i a,,,a,t,',t v rici,,. t,,ck vIri.Ctv protfiles, W'cre Illtt'd at rIltiall. mld K. .katut
 
(I,( ItSi ,ILtCuitin talt IC h File ii igCmicL'lt I)alices
pa. 

r ,iic, 1)1 The Ojective o1 

Sin x H.75 ii. No trtiii..tr dt)tli,,d. Sttlldilrd, aid tile UVaIl till scac tlI'SCIv is t0 LVlttlilct tile stabilitv
 
Vt , )l 1)94. was blasetl ti 11W standard. across diLcrSC cIVirtoil 1nlclltS of
 

IFight replic ihti i plo t c I(loctl \VA\IS ).V's intecrnal 	 this riitilt.ctial 

highly hiast-resistault tlatcrial, 
Ill the first tial pllanted ill nioilnatctd h\"thu cotuntrics and 

Accelerated screening to (etect Septenhr, (31!i, (If tl cntries rated instittionl tha.t particilate ill tl 
sources of' h.al blast resistance highly resistant (score () to If, IN(l[R-Africa IiLttWOrk. Ihis 
fA.tSran, K. .U do 	 wher-s itt til sCCold trial plantd arrangetnictit nialecs oi ntiid
 

in Spt_nllhr, Otnly Otn percent of ctnsiV't cxclIaiigc Of gLriijnlalsii
 
BlaSt is hiliicvcd to he fietlost th ltutrit-,s ratctl resistant. withitn Africa in th-, context Ol i 
Signilficanit rice liscasc il \Vcst SccueuIntiatl obsUrsiatioti sIo'cd that prcTcis brccding oihjcctiLc. \VARI )A, 
..\rica, "withyield losses particularly the disasc IprcssUtrc itlcrcascd Isa ttic.nlhcr Of this nutwork, 
sevcre iii railifcd cctistcMs .\ throughoiut tlit wet sc+a,(il, resultitig pt(idcs +l'hc as Ott Of fit kv sites 
coiscIsus us dlcvhCIi,ed a oI(g ill a ery strItg pr'lsuiu f1o1tile aft whire the ltt'icr' ISgrilt. 
\V IM). antd its nitiornal and platiig (ftl Of'Sei)tCnlchptr. In 
inturnatiollal partilrs f10 comttpjiaristtn, fart-ers usually plant in lDuring th I994 Wtt ,Scattl Wsc 
uililulasic gulc!t ic. resistance it lutle, the begitning Of flt nli1 wet ])lantlt-d ait at ng turItftsrsiOtl 01 
hlIrst-rclaItcL rcscarclt, aid toi seasolt. To illustrate this tentporal th cotntinuntal tiurtr atl'ho, 

100 ,. h\'MrSuc this gul ill Mi itItgratel 	 gratlicut, tle "ost re-siStant Sati\'a iicludingaft ntliCS p)\osid
appirt taclI. Ilhis approach includes check (IIt t io)had a scserity score t IN(ER-Africa antd 4f Clltris Aelt-d 
the acceler, tcl search for suutrcts ) for the earls trial hut 5.5 for tli front W\,I).A's klist resistance 
of durablu resistance, late trial. ionverstl, tIre Itist selectioul rograti. hi tridl 
characterization tf the genetic SLScepltile XIaratelli had a scoure of followed tile experittental ,e.sign, 

http:diic.r,.it
http:Sito,.ud
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managemen practices, arid Selecting representative sites for experiment had four replications
 
evaluation method., reconilMended screening blast-resistant cultivars and was conduc1ted at lhadan and
 

' 2 JIhvIN(IER. Hie entries were A.A. S I ,K. _IhI,-p 
, S.N. Fonlrb ' . Onne (Nigeria), Mall and Nl'lbe 

evaluated at 30, 37, 44, .51, and 58 F. Imoh'hin'4', 1.Scn'e', ((TYte dlvoirel, Farako-hii I(Burkina 
days after sowing IAS) for leaf I.TChatcholl a , Faso), and Rokupr (Sierra Leone). \ 
blast, and at I 10 AS tor tile cormmon set of 23 varieties was 
incidence and severitv of leck Rice blast disease is characterized h' nIlairntailedIacross sites arid x'ears. 
blast. Panicle blast was evalulated substantial genetic diversity of the In addition, a local susceptible 
at the )? , fIlwerilg stage, usilg pathogen, a Iungus, arid its check was included at each specific 
the IRRI scale. ma"nifestation is niarkedlv location. lhis enabl.-d verr-to-vear 

influenced IWthe riviroririent arnalyses of disease pressure. Means 
At 58 l)AS, 33i of tile entries (e.g., humiditV ard teilperature( were compared WithI lIui nett's test. 
showed agood level of resistance arid ctIltural conditions (e.g., 
(severity score (Ito I ) to leaf blast. fertilizer inputs). ('onsCqueritly, tile \ two-wav analysis of variance of 
Iwo-thirds of the entries were not disease, althorgh cutting across all the I994 data established siglificant 
at all affectedI pIrniCIi blast rice ecosystems, is extremely differences (P< 0.011) arirong the 
(score iM).(CIrcLequCIlIV, there was variable in spMCe arid tie. The environments (intrinsic disease 
a strong Irssure for leaf blast, but deveo)ni1erit of blast-resistant rice pressure) ard aiIIoIg tile genotypes 
tile pressure for paricle blast was cultivars for \Vest Africa Miust take (intrinsic resistance potential of 
low, with neck Iflast heing this diversity into account. hosts), and revealed significant 
intermediate. Among tile entries genotype x eiviroinierit 
slowing no blast svrr 	 WAII).\ sciernists, IN(lER-Africa,Vntl)is of all\' interactions. WARI I.'s recentlv 
type were I )X 3 )93- 1(-2-3-2, FOX and their NARS partniers have developed imlproved upland tropical 
3118-12- 1-3-1, IO Q8 I - 11-3-2, Ievelopeid a netwyork oif key sites, japoriica variety WAIB5-5) sliowed 
lOX 3217-)-3- 1 , aind IOX 32 11 - which permits exposing blast- the best resistance across sites (rble 
14-1-2-1-2. The ertries INI10, [OX resistant materials to a range of 1(0), confirmig results observed il 
3(98-12- 1-11, TOX 31 4S-TO(- 15- diverse enivir-olinmeits in which 1993. Among the irrigated lowlanld 
2-1, ani TON 3248-7o-3- 1-2 did hlast disease pressure is high. For materials, SI116920.33, an imipro)ved 
show blast syriptorrs, hut these efficien1cy, we kee ) tie number of irndica variety, showei surperiior 
did riot exceec score one for any of key sites as low as possible, but as resistance to blast. 
the three tIpes of blast disease. Ihigh as necessary to cover the 
Twelnty-nine percerit o. tie entrics diversitv oft enviroments. The final Ranking of sites accordirg to 
were rated resistant, rating a score selection of sites must also take into envi roi mer inilexes (H) based oil 
of zero for neck blast au,: 2score of severity of blast disease sVrnptorillsri account possible shifts in disease 
one for leaf blast. pressure over tie. revealed significant shifts in disease 

pressure iluring the past three years 
I l1995 we will conduct a region- I)uring the 1992, 1993, and 1994 (high El inldicatei Iigh pressirre: 
wiile teniporal arid spatial analysis Wet seasons, xwe anialvzedi tile 
of tile results so far generated by incidence aniidseverity of blast Rank 1992 1993 1994* 
tiie African blast nursery, il infection of advanced varietal I Farako-13i Onne lbadanl 
collaboration withIN;IH ,-Africa selections with dix'erse agronomic (-8.6) (-3).8) (-12.9) 
and the IHINI Tlask Force. On tile and resistance properties at six 2 Onne lbadari Man 
basis of regional ilist ributior oif blast-prone sites il \Vest Africa. The (-1.0) (-13.9) (-11.31 
blast stra ins and the general 3 Man Farako-BA Onre 
pressure of the disease, 0.-e I)1.4)
recor-miendations will he (-1.41 (-0.7) (-6. 
forrrulated for tile selective W\ARI)A/AI)RAO, lBouak(,, 4 lbailan %fari Mt'b 
iliffusion of resistant materials. CUte dvoire (-2.0) (-15.2) (-8.6) 

121INClER-Africa, lladan,Nigeria 5 NI'liC NI'h' Farako-Mi 
"I ,IIS, Rokupr, Sierra [cone (4.2) (-27.8) (-20.2) 
(4)NCRI, Iladeggi, Nigeria 
5 	 INERA, 1obo I)i oiLasso, IBurkina Faso *The Rokulpr site had an El of -1.4 in 

IRA, Dschang,Camteroon 1994. for 1992/93 are not available.aData 


http:SI116920.33
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]ABLE 10: The most blast-resistant entries, as observed at six different C6te d'Ivoire. Resistant cultivars, 
sites and across sites in West Africa (l)unnett 5% level of confidence), which to date are restricted to the 

tropical japonica type, are only 

Sites Entries available for the upland ecosystem, 
where RYM\V pressure is low. In 
contrast to somne other virus 

Ibadan WAB 56-5(0 diseases, R\\V can be transinitted 
by a wide but not conpletely known 

Man Faro 29, Faro 37 range of vectors, and the mere 
contact of a leaf with a YIV 

Onne SIPI 692033, Faro 29 suSpension can cause infection. 

Farako-b, Faro 37, WABC 165, WAB(99-14; 96-13-1; 56-50; 56-39; WARI)A is addressing the RYIV 
56-125; 56-104; 181-11), Faro 29, IDSA 13, ITA 257, challenge at three levels. First, we 
Moroberekan, SIlN 692033; MIAT 112 bave intensified the search for 

sources of resistance and are 
Ml'h WAll 56-50, ITA 257, WAB 56-104, \VAB 56-125, Faro 37 conducting conventional and wide 

crosses to generate resistant cultivars. 
Rokupr WAB 56-50, ITA 257, WAB (56-59; 56-125; 181-1I; 99-14; Second, we are exploring 

56-104), IRAT 112, II )SA 13, [KR 33, FKR 27 collaborative options to create and 
transfer synthetic transgenic 

Muldsites WAB 56-50 	 resistance. Third, we are studying
 
the epideliology of the disease in
 
order to develop 1PIM strategies that
 

The disease pressure was generally Rice yield loss caused by early and may in the future include both 
low at I'b6, consistently high at late inoculation with RYMV genetic resistance and vector control. 
Onne, and extremely variable in A.A. S1,i The present epidemiological studyand K. Akutor 
Farako-lBt. This observation shows sought to quantify for the resistant 
that it miaV be necessarv to Rice yellow mottle virus (RYMV) was upland check .ioroberekan and the 
maintain all six sites for a thorough first detected in East Africa about 3(1 susceptible lowland check ltouako 
analysis of genotype x years ago and has since spread across 189 the yield losses and components 
envir nnment interactions. )uring rice environnents in sub-Saharan its a function of tile phenological 
1995 we will conduct indeplth Africa. The virus preferentially stage of infection, based ol artificial 
statistical alalses across years in attacks rainfed alid irrigated lowland inoculiation at lthe (saVallla ZOn1e) 
order to identifv tile optimal sets of rice, but little is known of its and Gagnoa (forest zone) under 
sites for different objectives, such epidemiology. Surveys conducted irrigated conditions. Plants were 
as initial screening of new entries, by \%\RIA in collaboration with iioculated at seven days (early' 
characterization of the adaptability NARS froni 1992 through 1994 treatment, seedling stage) or 41 days 
to diverse environments of indicated that the ntumber of after transplanting (late treatnient, 
advanced selections, and the infested sites and the yield losses at panicle initiation stage). 
characterization of the spatial and such sites are rapidlv increasing. 
teimporal variabilits' of blast disease The disease cuts across At Gagnoa, average yields of the 
in the region. agroecological zones and, in 1994, non-infected controls were 430(0 kg 

has caused an estimated 50% yield ha - for ilouako 189, and 216)) kg 
-M&\: All trials had 4replicati)ns and loss ill the Office du Niger irrigation ha for Moroberekan. At XI'b6, 

were condtLed Under upland sclemies (Sahel zone) and 68% yield control yields were 28(0 kg ia - for 
conditions. Fertilizer application was 74 loss at the Sclingue schene (Suldan ilouak6 189 and 2020 kg ia'1 for 
kg N ha-' as urea (triple splitl, 5O kg P savanna zone) in Mali. All lopular Moroberekan. Infection resulted ill 
ha Ias superpiosplhate, and S0 kg N ha lowland rice cultivars in West Africa severe leaf chlorosis, poor panicle 
as KCI. 	 are susceptible to the disease, exsertion, spikelet sterility, and 

including BG90-2 grown throughout reduced l/0-grain weight in 
Mali, jaya in Senegal and Blouak6 189 at both sites (Table I I). 
Mauritania, and 11ouak& 189 in 	 Plant height at maturity was 
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S('1t?0f1117(7 tot rob.,51,aoco to rico yellow mottle virus a~t Ga~gnoal,athot-spot lincentral C36te d'lrle.ThIs 

crop loss
Is thoonly nown M70 Wits dlsoaso i Africa1!can cause total 

reduci bv abl)t -Itt, afte'r e'arly" inftec-tion ust either be ri.,ntei 
in t c da tio n , bu t h v l e.st hla th h o t tcro l)dt-Vt-,h t (e .g .,s+ n 1 0 1!6i ro tt)Ig l)l t-,r
iltr illat n(RAtlation. X rekan holcontrolling vetors atd/or 

,hTX.'id thi s'd'lt V l)tollS hUt altrnati\'e hosts), or r sistant 
With 11lLICIl less sexriIV, ildiCatill g C1ll ivar's 1111I1 be fount!d. 1ll 199 
that it ,.Olltracted the disease hilt we will characteri/e tile culltral 
re iStIl it. The (,SlltilIg 'ield deterlinall(s of varietal toleranci 
rIldtdiollS were', lt,l-sigillit-ant 101 to ItYXIV, (.,terllile currTt 
\th(r(hirtkXal. Il lIBouakte l189, 'ield iiCO1(ic hliloses for different.
rtt~ litti(Ills wv,.re'tll'ralll\'kv [rodut-ti)ll s\'st-etlls, et ,vit'()ltl'llr .'t(' 	 ts,

t HOWI W5Nis 
[tl e rly tlatiOll ad aild climtlicea1V it tlltore ;l,/Ol-, Mlid illiti+ta 
thilal ()?, or tle late, ilndicatinig collll)relhellSiVe SttLidV (Il alt-rlnati\ve 

that illletioll It th IMannICle hosts alild the role ( Soil, air, and 
ifnitiatioll StailglIre",setI yield More Set-)-lorne Vectors. XVi Will use this 

OEM~ ~ ~ ~ ~ IV1t-Srlt.gliIf ~ ~~ 	 t ~ lhall Ile early' ilotnhation did. inforlatie 1( devetlop strategies ' 

fFr thle ilitegrtelI Illatllalllett (t]" 
l1w lmain c(jlsl oln tills thldise-aset , 

is., itlt.'c~l
stt	ld' t tt e l (Iflanurseries 

st-elC)t ilble' variety wilh IYiM V is ];: dWht ilsign with 4 r.l)licaiols,, 

likely to 1alWe sTvre yield loss, viel take.ll from a 0.24 ,tlll per p(lot;area-ii 
rernIless the liM' (I1illfctioll, irigaild h(wllnd cuttllUrk_ LOtt)nitiOll% 
witll life gretest ]() (Iccurilig with ISLtd OIltransplanting. 
ldttV
ilIctionl. (0f),,equenly ,
 

African rice yellow mottle virus
 
and screening set
Krishmillm~A.,.i,)lui (1I.1),
 

K. 	 Akator. 

yellow mottle viruns (IMYMV),so 

Iar ti_ onh1'known virus disease 

leing rice in Africa, causes severe 
CCiol011llC dalige! t') lO~invld rice 
p.;-:+.: suh-sahlaranl
iroducttion thro~ughou)t 

Ahrica, including NlaIagaScar. 
Within West Alrica, RI\YV is present 

i inturkin'a Iaso, ( Ote dl\tlire, 

(Illauna, (huinea, Iileria, Mali, Niger,
Nigeria, Senegal, and Sierra L.eone.
 
No resistant h wlalOlll al)teid
 

cultivars are so lhraVailable to 
,MI
ii1.,rS, Mid blre-eders know ol no
 

eSttalliSht-d donor latt-rials ft0r
 

satira, wiiclh is generally preferred 
CnaV wSitlIt.tindlc r of 

lowiAlnd rice. Rice ge rnil~)lasn 
carrying reliable resistance to IMAIV 
is frIt etlt il tile ()..ftil' jal)Ollica 
grou1 aid in African indigenoulsteile 
rice-species () ,/hbt'ffhlld, hut sterility 

arriers make itdiffictlIt t t'tMer
 
to indlica rices. 

Although \VARI)A has given high
 
p rcio rity t th e d e hlo mtt- o 
o> v'ep flowlad indic arietis through
 

wide crosses, the rapii spread of the 
idisease Iernlands that existilig 

germplasl With SOille f 

resistance be identified immediately 
anid MIade witlv available to NAS. 
Tle objective (the present activity 

t(identify, incollab)oration with 

istand NAR, sourceresistanl'ce t(oIRYNIV \ithlin tilefgle 

regio, and to test the ina broad
 

range(1 alnvirod t ill sabrtl setl 
ag elC'rMlleVt su.ifomtoill~lililSallaran Africa. The underlying 

Ill echa tJl (of this htlog-terll activity 
is that IN( llRcolllpose ailial 

collsistillg (If prolising 
laterials lollilated ))NARS and 

WARIJA, aMidlsubjcts theCse nurseries 
I 	htoth nlatural and artificial 
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AI\BI.E 1H: Effect of rice yellow mottle virus on the vegetative and reproductive organs of resistant 
Moroberekan and susceptible llotak6 189 rice (Gagnoa, M'IK, 1994). 

Inoculation leaf Percent I'anicle Percent Percent 10001 Grain 

Site Variety 
(1)AT, days 

after 
chlorosis 

score 
reduction in 
plant height 

exsertion 
score 

unfilled 
grains 

vield 
reduction 

grain 
weight 

weight 
reduc

trans- (06 ID)AT) 60 l)AI) (g) tioll(%) 
planting) 

none I 1 26.7 -

Flonake 189 7 7.3 42 7 69.1 81.2 21.8 15.3 
42 6.9 8 9 96.2 92.6 19.3 18.9 

Gagnoa . 
none I - 1 - - 27 -

Nioroberekan 7 1.1 8 1 3.3 4.6 26.6 2.3 
42 1 -1.2 3 0.5 3.9 26.7 2.7 

lionle I - I - - 24 
Botuak6 189 7 6.7 41.5 5 80.1 57.2 20.7 18.2 

42 7 3 9 100 95.3 17.7 27.7 

Ni'b. . 
none 1 1 25.7 -

Moroberekan 7 1.3 9 1 3.5 5.5 25.6 1.5 
42 1.1 3 3 2.4 5.2 25 1 

inoculation wit I KYN IV across check,and tile sISCCtible idiCa traditional 0. gabcrrihatypes 
different environments. WAR)A's lowl1ad variety iotake 189 as the (TOG 5672, TOG 81, Moroberekan, 
trial in Gagloa, ill(Y6te dlvoire local check. Disease svlptols Lac 23, Faro 300, II)SA 10, II)SA 
follows tile colnoill design but is were scored at 14-day intervals 16, IRAT 156, 1RAT 161, IRAT 208, 
augmented 1y additiocral entriCs. during the vegetative and IRAT 284, IRAT 3 14, ITA 257, ITA 

reproductive growth stages. 305, TOX 10 10-6-9-3-2(01, \Vabis 
l)uring the wet season 1994 we 18, \WAB 991--1, 1R4 7686-15-1-1, 
tCstCl 131 entries, including 100 Throughout t(le trial, tile numlber and Iiogudi). Only two resistant 
lines from IN(IFR ard 31 of entries severely affected by en tries were adapted to irrigated 
sUplerllentarv entries from RY\IV increased, with tile increase lowland conditions, Niaratelli (a 
\VARI)A. Forty materials were much more rapid under artificial temperate japonica from Italy) and 
adapted to the irrigated lowVhld than Urder natural infection Fofifa 62 (iot classified). 
(mostly ildica tyWs) and 5o to (Figure 21). Under natural disease 
ullald cOosystemls (gunurally pressure, 57 entries (43.5%) The disappoilting absence of 
japoliica a nd (). ,I'hriohi types. showed an average severity score iowhadil inllica types ill tIle IRYIV
T'n check entries relreselted of one (hiiglyv resistant) during tile resistant selections warrants an 
tnaterials with known, extremely reproducti'e stage (69 days after interi;ified searcl vithil tile 
high or low, resistance to RAt1V. transplanting), against onlly 29 irldica group. \VARI)A, NARS, aid 
lhe trollicil jal)orica uLIa)hid entries (22.1%) for the irloculated INGER are aware of this problelm, 

\'arietv otroberekan sertd as tile p lilt iol. The 29 entries and large nulmbers of indica lines 
resistant check, the inrlica lowland resistant under artificial are now undergoing initial 
variety I1(9t)-2 as tile susceptible iioculatiO(1 ilcluded 27 entries evaluation for RYNIV resistance. 

adapted to the upllld and were 
generally of tile japonica or 
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Resistant selections will then be 
tested regionwide for further 100 
characterization. 

Class of severity 
In 1995 a new regional nursery will Class 1Class 3 
be composed, and all results from 80 

the 1994 regionwide trial will be 1Class 5UClass 7 
pooled and anal\zed. esults 
indicate that sone of tile ().
,'lalcrrit entries show no disease 8 Non

60 

SNVIIpI)tOIllS at all, even Under artificial 0 inoculated Inoculated 

inoculation and(l ca 

2r" ,icleI 

across 


environments, and can be rated 
immntlle. onie indica lowland rices a f,'

with moderate resistance were also 

identified in other more preliminary 
trials. If the 19(5 results confirm 
this ohserxation, prospects for 20 
obtaining RYNlV-resistant lowland 
rice ral)idlV through conventional 
breeding will greatly increase. At the 
same time, however, we will 0 

continue to utilize the superior 27 41 55 69 27 41 55 69 

sources of resistance in japonica and Number of days after seeding (DAS) 
().Ilaberfina rices to achieve high 
and durable levels of resistance. 

FIGURE 21: Modified African screening nursery for the selection of 
cultivars resistant to RYMV: distribution of entries according to their 
level of resistance/susceptibility. 

A Task Force , '-& 
multidisciplinary team 

on a monitoring tour 
to Guinea in 1994. 

The farmer who owns 
this upland field is in 

the white suit. 
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COOPERATIVE RESEARCH THROUGH TASK FORCES 

From 1989 through 1992, two research working groups composed of national scientists guided WARDA 
management in developing new ways to enhance collaboration between WARDA and NARS. The working 
groups developed the concept of research "Fask Forces". From the establishment of the first Task Force in 
1991 until the piesent, they have been the central component of WARDA's collaboration with its 
constituent NARS. The Task Forces are composed of rice scientists in the 17 WARDA member countries who 
are working on closely related problems. l-ight TFask Forces were active in 1994: 

" Mangrove Swamp Rice Imp)rovement 
" Sahel Irrigated Rice 
" Upland Rice Breeding 
* I.owland Rice Breeding 
• Integrated Pest Management 
• Cropping Systems
 
" Problem Soils
 
• Rice Economics 

The Task Forces are self-managing, with steering committees composed of, and chaired by, national 
scientists. Each Task Force has developed a regional master plan and, following consultation, specific 
tasks have been allocated to various national programs and to WARDA, based on their institutional 
comparative advantage. 

Accomplishments of the Task Force concept have been significant in a brief span of time. National scientists 
are now aware of relevant research being conducted by colleagues in other national programs and have 
immediate access to their results. In 1994, 107 collaborative research projects were developed and 
conducted by African scientists in 16 countries. More than 600 rice varieties or breeding lines have been 
exchanged, of which 17 have been released or are about to be released. 

Task Force studies in pest management have led to identifying the areas in which the very destructive rice 
gall midge is a serious problem and have begun to unravel its complex ecology. Seventeen cultivars with 
various levels of resistance to gall midge have been identified and evaluated. The two most promising of 
these are being retested for possible use in national breeding programs. In disease control, five varieties 
highly resistant to blast disease have been identified. 

In 1994 five lask Force monitoring tours were carried out. Thirty-five national scientists and 12 WARDA 
scientists visited Cameroon, Guinea, Sierra Leone, Mauritania, Senegal, Mali, and Guinea Bissau to observe 
farmers' problems, to evaluate the performance of improved technologies, and to assess the research 
capacities of the national programs. 

Through the 'lask Forces, three visiting scientist fellowships were awarded to African scientists in 1994. Two 
came from Togo and one from Ghana. All three sharpened their skills in genetics and plant breeding. 

Task Force funds were also used to strengthen the capacity of the Rice Research Station in Rokupr, Sierra 
Leone. With the closure of WARI)A's mangrove swamp rice research program in 1993, this station now 
plays the lead role in generating new technologies for this environment. 

Financial support for the Task Forces in 1994 came from the African Development Bank, the European 
Economic Community, the International Development Research Centre of Canada, and the U.S. Agency for 
International Development. 
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PROJECT 5: GERMPLASM IMPROVEMENT FOR THE 
UPLAND-LOWLAND SWAMP CONTINUUM
 
Iniproved rice gernll)lasnl is a ceutral 
Utenment if) tile developmlCnt of 

sLIstaiuahlle rice-liasclS cropping 
sWstUris. Ideully, lproductive varieties 
iusistant to ke' enviroinmenital 
stresses should rcduce depUndence 
tipon purhased ilptlts adswell as tile 
rusouricus rulloccd frolll til svstell 
hV thu Crop. lo U1ioVe towards this 
goal, \VARI ):V'bUclilg acti\itius tor 
tile Colitironil ri( )lritie yield 
stahilitv oin tile hasis of broaid and 
durablh resistanie to stressS. This 
prirnciple is applied to extensive 
pro duct ion systeus, in which 
tilrirs have linlited scopc for 
controlling strussus, as well as to 
iiitunsifiuct systems, il which curtain 
biotic CollStraiits are likely to 
incru(2su )cilse Of disturbecd 
ecological equilibria. 

I)istinict rice ucosystemis ill inland 
valle\'s rui ire different 
niorphological plat types, 
phiysiohgical adaptations, aird 
resistances to) pest aid diseases. 
\VAl).-A's varietal iniprovemrent 

)rogramfor tile c(ntiriurin is 
separately targetirig tile Iowland 
arid rlrilld ecoos\ystulrrS arid, within 
these, ditfUlit levels of 
riarligenllit arid environeuntal 
ad sd rsitv. SeIaIte but iriteractive 
breeding itireraries are followed for 
irrigated, favorable and unfavorable 
lowlands; and foor high-, mudium-, 
aid low-inlpt )rodctctiori sVsteriis 
in the upland. WARI)\ breeders 
conduct SlI)CifiC lireldiig dctivitiUs 
in collaboration with the respective 
iri-hiOuse disciplirarV experts, for key 
l)iotic strusses, suchias hlast il all 
ecosysteris, aid for rice yellow 
mottle virls (I0.lV) aind African rice 
gall ridge ARI.,) in the lowlands. 
Specific hreecdinrg actiVities also 
target key abiotic stresses like 
Ir oug h t(lutai cIanrd Iowi amd), weed 

conlipetition tupland), acid iultisols 
(up1land), Mid irill-toxic soils 
dovinbd. .RCSistaicus to sonic 
other stresses with local or minor 
irnh)ortancC, as well as grain-
(ualitV-rulateCd obje'CtiVes, arc 
pursued through secondary varietal i 
screening in the context of the main 
breediig itileruries. 

The dIhciffereit hr(eding activ'itius are 
illtluorinlicted through 
collaboration with tile in-house crop 
alld rusoLruc rrialigulllllt prOjuCts, 


nanly tei cropping systems, soil 

fertility, and integrated pest 

IlllilguenClt projects, all of whichu 
cut across ecosvstenis within tie 
colltirnuuii. Ihc characterizatioi 
project provides crucill guidnlllCe ill 
setting breeding objectives. 

WARI).\'s coritinuuni varietal 
improvement activities are 
integrated into national research 
systuriis thrn ougli tile Upland aid 
lowland Rice Breeding [ask [orces 
aid IN(llR-Africa. Breeding 
oijectives are discussed aid 
adjusted during tile arirnual Task 
Force meutings and ronitoriing 
tOidrs..\dvanced varietal selections 
from N\RS allid VAI )\ are 
systeiiatically tested il nurseries at 
key sites across the region. This 
high level of regional integration 
provides \\lARl)..\'s hreueders access to 
different target unviroliierits, and 
gives national brueders iriirnediate 
access to the latest breeding 
products available in the region. 

Rice breeding in West Africa can 
bunild oi rich irndigUrioIus geneutic 
resources, while at tile sale tinre 
exploiting the gerrliplasrl 
introduced from other continents, 
directly or tliroulgh lINGIR. A major 
problen, however, is that sonle of 

the most valuable adaptive traits are 
restricted to specific genetic groups 
withil (). sa(i', (jlaponica or indica) 
or to other species within the 
gnl1LIS. For exaiCli)lC, resistanuce to 
,Y1lV' is apparently restricted to tile 
dlaOnical grouLp ) within (). samtil, and 
toll inunnit\ to til virlus has sO tillr 
buen found itonl ill tile .\fricari rice, 
)./,lerribcnm. Somie (). Ibc'hllra 

cultivars alsO SloW shuperior wUd 
completitiveness alld resistance to a 
large lilrlhier of other inmportant 
stresses. But the gulnutic distance 

IetwUe tllesc grounips reduces tile 
transferability of those traits, 
particularly to tile indica group, 
which is widely preferrecd by 
lowland rice farniers because of its 
yield p)Oitelltial, illId I.v COrSilrii's 
hecacise of its grain type. 

WAI):A has initiated a major 
research focus on wide crosses 
illlOilg satiVa inrid glaberrinia rices. 
Ioriing 1))4, VARI)A breeders 
achieved a hreakt h rough ilr tile 
irlnperOVuiint of tjilarrd rice by 
successfrully coribining desirable 
traits froill both species and 
stabilizing interspecific progeny. 
For the lowland ecosystei, similar 
efforts are also under way. l)uring 
1995, \VARI)A's internal expertise in 
anther culture and other tools 
needed il wide hl\biridizatiOir Will 
be coniil)l(nliurited lby collaborative 
projects with outside rnolecular 
biologists in order to rlap 
interspecific gene transfer aid 
explore the potential of transgenes. 
Our vision for the riedium term is 
to improve U. sativi with traits from 
( ). loi/rima,and to explole tile 
development of a new category of 
broadly stress-resistant (). 
,'lalrrima-hased rice types that 
derive their input responsiveness 
from key traits of (. sati'a. 
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UPLAND AND HYDROMORPHIC ECOSYSTEMS 

Targeting upland rice varieties for
 
higlh-inlput and low-inlput systems
 
.\. loth,%, .,. inAh, KttnI: 'Ktpr 

ll'Jl,lll~ldl d~IDh~ ld\ltrect Ii~dtiliIinIg St11%.I, tt ot rice Iiarlil'sv,' " 2 

' S te ', ill \V ,st \lrica tse , . 

SvsttIIS. I)t.SiteIci s I iIIntt 
i]Ittlie l ii '.dtit lli ) rit.U IIt( tdntlttit lt ill' .,

the.JII ( ICt I ill'eitS 

, "" 
dt'l',)l()llt(Iatttd 
I(whit. h trc t.lutintrdenly areas' l e bu)t 

a ]i\'aVS Al5(Ktiattd w ith h 1h iut r 7 'it [ ,h h )\v-iIIIlp t 111rllltC "+;i lr +
t"XI)COt~t t ho ()Iltrihtltt nltO t O)f tile' >( [ '' 

regit(h 1 1 itle I )( tl ctithtlmill the It
 
t'1 r s, abl. future . \ ARI )..\'s
 
hIt-ditlg 6jt oti CStj,
rCtC)gnizt., the
 
dtulle d hmr r t t. spadted

Ito IOW,.llllllldgC11lll+t M lid IM)V 

gr teilr i puit s,t S tt ast t t t . 
mlinling depletable restources. 

\VII I .'s li etedi n pCrogrl SUft\r r" oI ' 
tl~l lt.l I rt. ed ttn,'ttl )eI a,raltt, Progeny of a promising 0. sativa x 0. glaberrima cross with 100% fertility at the F,15 V + 

htilt interactive Stlectn iitlltrllt', generation. The breeders are admiring the grain characteristics of this line-long slender,
 
()It tl dter It ' IVees aid tihe tt he] translucent. Tillerng is also high.
 
uIItlr high It'vtl,, t Illu l tnl lt
 
and illtItps. Ih ltmanagtcltnt levels disease J)reSsulr) and it Korl ogo NARS breeders, upol request,

differ in fertilizer inputS, weet!ding (drought prine, blast) i) (:0tU umaterials fr(0 an,,earlier stage of
 
rtegiln, and s(il preptlratiutn. d'Ivttire. II additiotn, we test all varietal selection.
 
Itlturing tit early Stages tti Selettitm, materials i:n trials with low and
 
uLhSttS ttt Ugreg"atilig t lite\ly I lig+1inputs at NI['ht&. lie selections u)tri ng I194, 558 ettries were 

fixed line.s arc SVstemItiCiallv shtitted that further advance to the screened in OYT antd YT under 
back and forth in Su)bseqt(unt advanctd yield trial (AYT) level are tliglh-irnptt nanagetent at M'bho, 
getrttiols [tetweLl, il,e twt grown simultanteously at l'bo ilt Man, and Krhogo. Yields at Man 
itilterarieS ill ttrer to Select fttr replicated experimtents with low-, were reduced hy soil acidity and leaf 
nmaterials that Imt.trItl Well under otedium-, aild ligh-ilpnt and neck blast, and by driought 
all iltf)tlt leels. All materials tHat characterize stress and leaf and neck blast at.I tIreatments in (unIder to 
adViance to the ,tser'atitrmalyield resj itse to mIanagenment and Knrhogo. 1'1- hlightst-yielding 
trials (()Y[I and replicattd yield iI)uts. ( )Ut uOfthis grnmI ) We entries across locations ill the RYT 
trials (IYI) ae tested under Iligh- nomntinate entries ftr regional were W,\: , 368-11-3-11-I Il, \V\B 
ilnpllt itdititis at Man (high muIltilutcatinn trials managed by the 272-I11---111, WAI 365-B-2-I I-I 11, 
raiall, acid ultisols, high blast Upland Rice lreeding Task Force, and VAl 272-1I-- I-Ill . In tile 

where tltev are ctltMpard with OYT, WAlt 488-100t-1, WAlt 5t)6
utaterials Itnmilated h' national 126-I, WAB 488-144-2, and WAlt 
breeders. WARI)A also pro'ides 488-125-1 had the highest ntean 
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"1iURE 22: Response of two 0. I,laht'rrima and 14 . .sati'iupland rice genotypes to input levels. 
Figure 21a, leaf area index at 60 days after sowing (I)AS); Figure 211), panicle numher pe m2; Figure 2 Ic, 
spikelet number per panicle; and Figure 21 d, grain yield (t ha- ) M'I), (1)e d'ivoire, 1994 wet season. 

Varietal c ides: 
().. ( (; (1
lal~crinm: C(I14 (2); 

sitiva:a. \VAI Stt-5-, (3,WAlt 181-18 (4), \'AI 5,-1t4 (5), WAlI S(i-125 to), W .II90-1-1 (7), 
11tAl144 (8), \V.AIIC 1 .5 S114 \,VAI ))-I-I t I SA 1 12), [lA 257 (13),1")), (1()), II) l), 


IAC 1)414 14), I1AI 112 115 ),(NA4t10 h1 ) 

grain yields. Also in 1994, we 
ev'aluated 154 entries in a low-inl)ut 
(.) at Xl'h1. The bUst Vielders Were 
\AI 375-11-7-I. l-Il, WAlt 377-1- 17-

1.2-13, W.ll 377-B-S-I.2-1.1;, and WAI 
165. WVA.I )A's elite selections WAIl 
50-5( and WA II-I, which also 

perform well tider high-input 
conditions, continued to rank 
anmong the top entries. 

Sixteen advaiced ernt ries were 
evaluated in replicated yield trials at 
.l'h' under high-, meditm-, and 
]ow-ipll)ut conrditiolls at \,'h0. The 
en tries in cltided Iwo 0. ,,'hli'rrilnl 
cultivars, C(; 14 and ((;120; tihe 
traditinal 0. SWltu cultivar SIH;
and 13 impr(ved lines (Figure 22). 

The ( ). labITrrHa entries gave the 
highest leaf area index and panicle 

number, but the lowest spikelet 
number per panicle antong the 

entries. Their yields were 
intermediate, ranging trotm .5 to 2 

1t ha - . The improved ()..saltil 

varieties WAB 56-5(1 and WAll 181-
18, developed at \\.ARI)A, were the 
tlop yielders, with grain yields 
ranging fronm 2.2 t(o2.8 t hl. 

0. glIcrrima cultivars responded to 
imitprotved iniputs by increasintg their 
pa;.nich. tiunlbers, Wlereas the 
spikelet numher per panicle was 
constant. The leaf area of these 
types also responded strongly to 
inputs, BC slltriSt,
the yield 

response to itn)uts Of ilproved 
satit'a rmtat erialIs,such ias WA]t 56-50(, 

came mainly from the spikelet 
nutuber per panicle. In 1995 we will 

for tile firsttime characterize the 
yield responses to inputs of stable 

interspecific progeny that comhine 
the panticle type of ().saliva with the 
growthi vigor and tillering ability o! 

I. cultivars.,lb('14ri11a 

.l&M:'Ite ditteret it/iltt/taagentt.ttl 
levels are Isfoliovs. 1.l)iw: tiaI40) kg N 
alIldieL as 2 sptlits after 11tttll WVceding 
ittwo dates; soil prel)aratiiin hbyhue. 

Mleditint: 6)) kg N ha I &,2 splits alter 
iantual seCLdinig at twii dates; 15 kg ' 
ha4 basal aplliationt as triple 
superpIot)siatLe; harriiing hy tractor. 
I ligh: 21-30-30 kg N-1lK ha Ihasal
application and t\\'oadditional split 

p. 40tkg N hIa;tpplications, eaIh ot 
chemical weeding vitlRonstar pre

.0 
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TFOG5538. a drought.resistantO0 glaberrma cultivar atter4t cdays of water WVAB326-B-B- l-Hi. ,aorought-resistant O. salira saiety Under water 

slboss It his Continued to produce tillers and has groan slightly taller. stress it grows talle' but produces few tillers 

tii,r'iiii.'rIt trhik iukad tttnttol cil-art distrib~utio)n oifraintaall in1the wet In thue 19~94 dry season()Wevalua'',|teKd 
rc,'cu'liti ll i u lh it ti et .'s ii sea,.i ;s itn, I at t wv( sites i nl( i t ed 'l\oire 7h ( 1 ni.sal i a nltI 48 ().,shtb crri mui~ 

harr(uwirg tivtrattr. .ll variety lts t(lrbc ti K rh o)g(o; antd lines anld v'arieties,, selected in I1993 
111\' Viliid arc-a it I) in - ad arc' differential sprinkler irrigation inl f(r th eir dr(ougtt resista nce't,for 
rtliatctd thttc hnt.',, the dry season 51'K) unrlyvEntries lt\'elI)m e t stage-slpecific drottght 

selected from initial screenings responses tinder c nt rolled 

hImpro\'ing drottght tolerance in 
untlergu) dr(ought st reen ing itnthe 
dry season with statge-speecific 

contditions. We ()bservetd 
co)nsiderable saria tir n for setlling 

upland rite tdrotght treattments (withh o)ldin g4 vigor, tilring, le~af tiJ) botrn, antI 
.\!.I'./lnte, inrk. .llhtku irrigatiu)n at either the v'egetati\'e lf ro)lling antlIu nlrolling ability 

I lighly varialte rainall in the to)rest 
stage or repri ititct ive stage, 
compared to)co)ntinuo)us 

among the accessions., l)nri ng 
vecgetative tage tdroutght 1.5to)56 

antI aanna zo)nes, f \Ve,,tArica irrigatio)n). Selections from this days after emergence II ):\lJ, with 
can intritiuce water stress to)upland trial are then futrther characterized obhsrvatio)ns ake~n at 35 I)..s. anti 
rice at a n yItage (ut r0()p Ji] we-"L Isaso n o)bser va ti ona l (( in- ex Jpr 'sset r lati vect o w ll- w\atered 
dev.elo)pm ent. WV\I I)..'s,varietal replicated) o)rreplieatetd, contro)ls), (. ,shdietrior mterials 
screening antd characte~rizatii)tn exclusiv'ely rintfed, ielti trials. generally hati a redutction in 
program for dlrought toleranre seetling v'igor t2t) 'hi, seedling 
make se,ot tie natural 
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highlt (28( arid tiller iiuniber 

(IS'',, iscolilled tI (). sati'l 
nilaterials (-I, 45, and 5)',I 
resplectively; llianIIs arlot)SS 

accessions). Visual drought scores 
were correlated with leaf till I)Irii 
durtilng tle vegetati\v stage 

= -1.74; 1)< t.M ). 

Kohogo, naiely II.47J8o- 13-2-2, 
\AI' 34)-B-B-4-1 71, \VAI 3o5-11-2-
l-liB, and WVll 34--I-I 2. Since 

all acceSsions had s.,hrlttdtUration, tile 

range of I)lerorIihant)V tilde.r"drought 
was not attribltablh to teimiporal 

escap, hut rather tio toleraMe. 

n I995 We Will ct() ieL I) seIarh 
for neV SoUrcLs o toIILntICe. IllI)trilg tl lI'rIrdutctive stage, I()'',', 

"
 of the ().,hdtvfimh id 2!1of the 
. ti' llaterials xvere visuialk 

riateias resistant alter thre'e weeks 
()droutight si rt."s(4 to 00 I )A.i. 
Ihe \isi'l kir ight score was 
lositively c irrelated xvith the 

tiileUriIIg Sc( ir ( ().57; P'< (tU(I1I 
aid negatively c(rrelated with leaf 
tip )uriL scIre r(1-(-.74; P< (.(0 1 
Olsre'd hehore tlie (i[set If 
dr)ught. (h'i(iiieuiitl+v, Ililts xWith 
high tilh'rinibers and low till 

urlihetter resistd i uISqIitint 
drt)ught. \iu)ng tihtee2,nt,.iLs 
sli(iwilg g()d drouighit toleranice at 
both \segetative2 and re+lIroductiv' 
stages were \V..\i 100-24-1 Il, WAlB 
18 1-43, \V..\Ii 14-Il, anld IR.2-hl-I-

47n8r-lIi I_-I iiitprove.d (.sotit); 
and I()(I 5458, [W i 5480, and 

l( )(I .St83W). ,,hi'/cii,,ha). 

.\dva.iced inatrials selectedtor 
drought tilerillice ill1093 xvere 
tested in raiiifed yield trials during 

tile1I94 \st season. )rought xwas 
severe at I,()ol()go during tie C()ps 
late, vegetative aiid graii-ril)eniing 
stige, resultilg illg'ail yields 
I)etxveuIt 145 alid 213( kg hlI. 

.haily itvex lines ( t-performed tile 

local diuiglt-toherait check, 
Nloroberkain, id tiltiniproved 

Check, WAB S-.(). [heIl best lines 
xvith niore than 2(((0 kg ha Igrain 

vield were WAl 370-I-15-115, WAll 
)5-B-Ili--,-I 12, \VAI; 95-B-h-Il-It- 12-

112, aind W.\ll (M-47. I ')l'itwS's 

iiildlerit Il\l/e, illd gralil \L ids 
ranged htoul 30() to 3 18(0 kg lia. 

[he hp fo~ur Vielule'rsatM l'b tha.t 
I
gaVe.' vields ill excess ()f25(11 kg liat

\\'ere different friin those at 

addition, We W\ill utilizeattempt to 
the Superior drought tolerIance )I). 

,h,iimo Ibvinit rogrcssilug genes to 
high-yielding (). sfiv matelials 
tllough our xvide.-crosYig program. 

Varietal tolerance to upland soil 
acidity 
MI.I Imes, K...Sumuia,, K. .lluk, 
,m/S. .\mlt 

hore than 7()% of th area under 
unland rice cultiv'atioln ilWest 
Africa is iltile huniid for'st ZOule, 
where annual rainfall is 2()0 ci ()r 
More. IUphIaId rice ill this 1one is 
often groxwni on acid ()xi sols, which 
are extrelyik loxw il I' and 
Irequently' incur ,.Aland Xhl toxicity. 

Ili1992, \VAI)..A i)ilaldiiitited lll 
Iice breeding p ograili with the 
objective to develop agrolunilicallv 
iilI0ro\ved varietieS With high grinhl 

-ield and id esI]lSeM. to I inl)uts 

on acid upland 'Ails. 

I)uring tije 1994 wset season xxe 
screened 2(0)) cultivars onit an acidic 
(p1l 4.3)1anLd I-deficient soil (Ca. 3 

nig P1kg ')at Nian in xvesteril (ite 
divoire for their geetra.l adaptatioiiI 
id Ires(i)ne to ) tfertilization. IP 

fertilization tilekd to inICreiIse grihiil 

yield W < (.((1) ill oi\'15 varieties. 

Mean yields illtile unfertilized p)ts 
ranged from () 3t while.3.2 t ha ', 

those illtile fertilized plots xVere 
ietween (.0 aiid 5.4 1 lI . Four 

varieties with Illeall yields higher 

(lai 3.0 I I in UtalleltiClded stills 
vere lOX 338(0-8-2-2-3, NI),I'7, 
I)R79-21, and WABl 56-501. hi the 

fertilized plots, the liglhest-yielding 
varieties were lI)SA 04 (4.5), IP4770
l-,-3-1 (5.31), anld )R79-21 (5.4 
t ha 1).light accessions did not grow 

()rVild at illunderI oni-lertilized 
ConditiollS, but tihey yielIed )Ltwe.en 

one and three t hi iweP was 
a,))llied, indicating that 1)app)lication 

dramaticallv improved the tolerance 
Of these gli10tvpus to acid oxisols. 

We eviIlated aiItlTir set of 127 lines 
in anl (observationu;tl vid trial at Man 
during tile1)4)-t butwet seasi, 
without ailv P applietd. (Constiderable 
variability %\'isolain.ed in sev\.'ral 
imp)ortant traits. :()Irexample, grain 
yields ranged fromt ()to 3.9 t ha1 , 

duratiol varidt[ frml 1(5 to 139 
days, ctill ,lengthranged frol 7(0 to 
128 cmi, aid acidit\' sCOreS froum I to 
7 (x'ith I = highly tolerailt and 
9 higlhly suSt.eptil)C_ ()rdying 
plants). The.c(rrlatioii hetxseen 
grain yield and duration (r=(.243, P 
< ).(0(1) wis signilicant hlut weak, 
indicating that a lllnllber of short
dluratiol iaterials achieved high 
Vields. ( Iraii yied had itmluch 

higher correlation with the acidit 

toleranCe ScOre (r = ,-(.53 8, P< (.()(1 
indicating that the acidit' stress wIs 

til n dete(mIllilllt (if yied,llilill 
despite suLbstantiail vairietal diversity 
inmiiorphologv and duration. 

Several sholot-dnration accessions 
with sulperior toleranice to acid 

Miisolk and high yied potential were 
selected for 11more detililed 
Characterization ill1995. 

t& I: Btoth experiii.iits xx-ere 
ctduCet, ll'iir W\AI)A's key acid.ai, 

()xik(l 1Ile had i sllit-Ihlotsite. first trial 
d, , ll tVw(o \'itl) P as i relitcitionis, 
itie iiiaiii 1)lot 40 kg P 'and1I0 iLd li') 

varieties s suhlI)ts. Ile sConid trial 

hat anltlirpiCitd aLIgiiieliit'd d(esigi 
with recurreit i)hots (or lite suisceptilhle 
clieck II)SA aid the tolerant cleck 

WAI(Io5. No fertilizer was applied. 

http:olain.ed


Using anther culture to generate 

fertile doul),ed-iaplid 

interspecific progeny
 

ALict' . S' khld A.r 

I hr + (tis ,clturec u dcriv'ed 

aMIthe'S, Ir +' )IMSwitnlratilt Wilich I 

,geratd rChr I nt rtiltih ,-), 

Misses.III [lie unfletc oviwde 

l tt\vtcei
(). ,(RI 55(25 W.g.,iltrIeiIiafit attnl( ). se 

h t.WtUC Htil ld i(caMnd idil)tlnici tV)'C', 

l h r u lt tln ca iil Vi l 
di ulenl-halfinl p n With ixCd 

illt ,rt<grssi 

il r c ( let ti lc 

lnsHit illigt othtlrwisC 
di kl I c i (I MI)I5dr ill t' 

CxtMtiLted Series (Ailackcr ,sses. 

\V. .\I( g ant ltcr tl rcIttt ld).\ is nlSi l(' 

CIlr')IWO r-CSOIC tfollowingit I li jI L't oes 

cl'C ratc .Mi itl ilvr tCelticictitt tlCr 

its (). ,Ilivux (). l'lt-timi, 

It shri lizatittnlrv ralil. Begilng llilng
ill 9 4 \V.I Vs lth 'r ,, ..a Cu ilture 

iin a 

L i ltr () a llrc .lcsl)ltpocrcA r 

lro ri r tv\'c. thrc cu ltr 

)tlt fivcd 

cvl*intitlt R ltt t li nlalira! snillilr l 

mill t htle 'fc 'r ndaitio.l ck e l Io t i 

The iprogra mwas cCjXI)nlCd to 
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k. 
Ant erculturesshowing a high rate of 

regeneration from 0 cryza japonica x 0 
glaberrima and japo ewax inrdca crosses 

a regeneration subcultue 

C L l f r ulpreselta tik v ia io nmica, 

i nica,andli(). hl t 'tlillgeni l .ltypes,t 

a .s+ their alid F,p( l yn 'w aIs F: 

for suitability to i hcTr cnlt r. 

l)urin ,g snlbillittcd to1994, Wc 

a ithe r c ltn rc Ill piarc n ta l lincs an d 

tle progny of 55 jllMnica x 

FI(UIMil. 23 Induction of anther-derived rice calli as a flunction of 
parent material and duration of in-vitro incubation. 

50 J = japonica 

G = glaberrima 

40 I= indica 

o]I 


0 30 

nIweeks 
C 20 

5U 

0. 
I 

T--
i3 weeks 

4 weeks 

5 weeks 

0 • []- :] 
6weeks 

weeksd 

J x G J xJCrosses J x I 

.
 

Mature H a 'nther-derivedprogeny ofO. saliva 
and .glaberrima crosses. The doubled-haplod 
hnes are 100 .,,fertile. 

ja l
ja pinl i 'a, ica x ind ica aun d (. 

Sill j x().'htlbc'rrili crosses. 

Re, i nscto,callus inld ction ald 
grcn plantlct recg neratiol 

(uli le ic origin oftilt gci 

the crosscs, w ith jap lica x (). 

k'ia;)rrill hvb rid s rc s on din g b est, 

fhllowcd b 'ILre japoillica \'arictics 

and in ltra-jal) ica hybrids; ji ol ica 
x ihmulica hybrids; purc iilica ili 

intra-indic'i hblris; ail, pure . 
,k'htiirril!ii
anal illIia-.\'hili'rriiit 

Ibrinds rc'stol) liItg Ic st(FigilrC 
231. Callis protd ICtio l l nrallyge , 

icakcd at tour to fi\c weeks after 
ilidlCtii, aLd tiSSie' produced
during this leridi gave the highest 
J )robalility(if yielding green 

plant llets. 

Aniong the regenerated plants, we 
fotundl a 5:4:1 ratio fIm amploids, 

doubled Iiahal ids, a nd ol yploi s,
regardless (If the genetic origin of 

the crosses. The sol nitane otius 

doubled haploid lines frequentlyisi l aye d l xrt ia l e r lii tfl ',
 

particularly, whc n de'rived fro nc ro s s es o f10 .s illi l 'x ( , l€n m 
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Close-tip view of regenerated plantlets. Note the high proportion of green plantlets and fewer albinos. 

crosses, and to atlesserI extent when 
derived fr()i lapo(niai x Jllla;.! 

crosses. Iligh sterility levels might 
base ree'Ti causedl wUalneul)l()idV of 

the regenerated plants Or fixation of 
sterility genes. 

ltl 1995,, n()re than Si() )rOgellies 
Of S)(ii ti()s Lth)tIl)le(l hilaflmid 
fertile lites Of (). s il x (. 

Iml, l,,uuim, and .()() japotnica x 
iudica lines Will he eviamited in the 
field in order to skIudv tlletr fertility, 
genetic stability, aud ragr()notic 
traits. ()it tile basis o1 tile seed 
recovered trtnm tLoew trials, we will 
conuLtct specitic screeiling trials for 
resistance to the major biotic anod 
abiotic stresses inl tile regioln. 

t&Nt: I-()r amtItr culture, main stem 
iboo s()t pialts vre Loll(t,'ted when the 
auricle dimicu (t tihe Hltl leaf to the 
text laf is aimitt 4 ti 8 tIc(. '.XI,edd 

c'Ali 

(OtLtittd wer' ri !' rated inl Murashige 
ill mo)dified No ll1Vditill, aInld 

, withl) hn(rs 

phot()period a2IM . Hillantict 

regeicnration was indnced with the base 

MS salts and 3 ))m thiamine-I lI. I 
p)pi l\A, 4 ppm (GA, and 2%sucro, 
increased gr(en pltatlut rge'Wltrtio)n. 

and Skoog (I' diliii 

In.ersl)ecific O. sativ,' x 0. 
glab,rrima crosses yield stable and 
blast-resistant progeny 

).A1.1 o' cs, S. ,lnt1l, K. Aluko, 
1). Ilthair',antd K.. tou 

(Uhrt'h,t 'rrmtmm, a cultivated rice 
species iidige.irous to Africa, has 
Ieell almost Conletely displaced h 
(). sativa, or Asian rice, which 
generally gives higher yields. A 
substantial sterility barrier between 
the two species has ill the past 
prev'ented utilization of, tile mialy 

Paiicil's wtrt diSimlcte1(,dd aiit ttuldaptltiOits LISCi'LIt (f ( ). ,1(Tf'rrillll 

pretreat'd at 8' ( h)r 10-201 day's geIOtv)pes. 'Ihese include superior 
deptmmdilig til tI' varictal type. Anthers resistaince or tolerance t(o drought, 
wert' i[icml;ftt'ti toxicity,ill tlW dirk alt25 ± I' C weed competition, iroll 

blast disease, rice yellow itttle virus 

(IYMV), and Afric.an rice gall midge. 

In 1992, WAI)A initiated i wide 

hblridiation prougram a.idid b 
anther culture and emlrvo rescue 
tcltlqueS ill Order to introgress 
useful iraits from (). oalw)t'rrina into 
improved (). sti'd jal)(anica 
genotypes. this program \'ielded 
segregating intermUdiates in 1993 
and the first genetically stable and 
fully fertile interspeciiic iybrids il 
19))4. On the basis of' seven 
stCC.essfftl crosses LSill,geed
cotirpetitivu and blast-resistant and 
drought-tolerant parents, 13)(t F, 'o 
:,, populations were lrotitIcC'tland 

evaluated for seedling vigor, plant 
height, tiller number, leaf width 

()awn, e)iculus 
color,and inre. 
and color, l) eSmln Of 

Altholgh true intermediates 
betweeni (). ,Ie l iirm'll laird ().silt it' 
were generally rare, their occurrence 
ill SOIIC PltI)LIlItiOits waS ishigh IS 
301%. The interiediates had a 

http:Afric.an
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0. glaber.:ma has oU;liu 
many desirable . 

qualities, including ! V 
blast ro,,istance and .' 

droughttoo nes uoeas .M 

lownumberofspikelets . 
per panicle. 6 h A 

I 
,;.::. ~~~ I ~ i "ii ~ .; / 

. 4:' • . : /. /.. . ; 
.lit 

, i ; 

; !.i",ti;(I.li 54 i 
______,: , . ' 

0. saliva (left) and 0. 147, -W':" 
glaberrima x0 saliva, 

progeny (right). Note the 
high tieringarid fertile 

panicles of the hybrids.t...iu 

IS4 (-1 

1:Y 

SIwo ' 

, .,,. 

t "I"I ::' 

Interspecific F5 bulk 
populations after two 

backcrossings. Note the 
wide variation in 

morphological traits 

4 f 
4~ 

b ;~Y 
'. , b' 

ix'Y. N$ %1 1r, ' 

, a 

I VC 
a 

f5U t II1'-01' 

' : l t , "l 
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-

" :tillerini 
[.,j fON. 

k 

lunth 01I 5-2_ im, 
lto 1 illiit U 

coi p I mm
 
ttliml anlld45 11111ill (). Saliva.
 

\arioess ougdCuS Of awttil"gI 

sIladus Of ])tllJ)lL' upiunithIs Were 
OlsurV'd ill thu inlu atUS. 
\hst ittitOrtatt, fleu iittrtu!dialt(2s
Lolhil f )OteltiilIOf(m ilte higfh Vidd 

-" -). (iL high spikuleta rusult ()I 
11111111t(T CMIsud Its sUCOttdarN' 
Itramichs ott the I ti(Ie) with traits 
IrO"l to )I I ap' 

\ 2,, tltiu gOw thI,high tilh.ring, 

v.l atv of thtu stOf11LI: 
p nulatii ts are also highily resistant 

to Weiidli tighlIst. 

Atithut Ctihnru was 1ised to generate 

P/I (IoNhuldhilfOid ihatIts flroto1 
glliaflv stahltu . llId 1', 
p ulatiolls and, ill 3('Xo ( li te 
GIsus, t had 92 to 1()()t 

tel i! iti. V. ' uirt, etiitCta 
stabilization hy convetina 

I,._thods, requqiriig suveral cyclus of 
back-,rossitg atid selfing, is 
itt tpeuded by sterilitV and lCads to 
1tht l ikely' ulitittatiOt f(Of sied 
i[ i t rIogtr i sossi(tts. 

h~Il1995 we will increaLse' tiie I'raILg 

furthr brOXadun, the available rice 
gelII p)ool anttd to dvulop 
it rogressed itturials for specific 

stt-t j l",.Thersleis uls'wllI 
ini,_'slecilic progen will he 
C h1aruturiZud OHmthu haSiS of 
ts( Iz\ntu pattertts atnd tmolcular 

tttrkers inl Order to beuttur 
-ituslattd thu tiuchattisimns of 

ittri).grussi(tns. Fitnall, given the 

wualth of tisuful traits ftInd inl 0. 
ihu ltlurriltl, which ittunclde ntatty 

rl l ical traits ll cl d illlliprOVC(d cultivars, such as IlighJ 

attd Crect stature, we will 
aso 'Ork for varietal iMprOvetletnt 

withitt U.,Ihtlb 'ritmt, witht otlIviIspCifiC
s-esttial traits taken frott 
),iti', sIuch as secundary 

branching of panicles. 

http:ti;(I.li
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IABI 12: Nunmbjers ofnelnatodes recovered fronm 20 rice cultivars inoculated 
%%ith root-kmoit Imatodes. 

Entry 	 Varietal type inemnatodes% mnl 14
 

recovered + o'check 

((;20 0. , lbhcrrili 0 * 0
 

(; 14 ().Iabvrrinw 0.70 *1
 

(. 17*' 0. iI ,'rriu -


WABI1I -18 improved 0. saliva 0.40 * 3
 
W\.AB50-1()4 improved (.sativ, 0.85 ns 7
 
WAI96- I - I impro'ed 0. saliva 0.87 ns 8
 
W\AB-5(-5( imlproved ().s(tivl 0.90 us I I
 
W\ABS- 125 im proved 0.satira 0.92 ns 12
 

0S6 	 traditional 0. saliva 0.61 * 4
 

W\AB45(0-25-1-14 (0.lab'crrhta x (0. sativa 0.47 * 12
 
((:(1 14 x WAB50-1(4)
 

WAI450-24- I-1 (}.,1alcrria x ().sliva (.52 * I
 
(((6 14 x \VABI5- 1(4)
 

WA1450-1 4-6-2 ). ',l1t'rhnttit x ().slivl 0.53 * I
 
(({(( 14 x.W 11.\I5,-10) 


WA145()-25- I-I) 	 ( . '4IN'rrioax().siliva (.56 * I
 
(('('114 x \V,\IL0-I104) 


XVAI,45()-2-2-1(0 .0I.,ll'ttri x ().Saliva 0.62 * 4
 
((i14 x \VAl,56- 1(4)
 

VAlt45l)-28- 1-7 C. lltbi',iui, x ()1.saliva 0.63 * 7Rice 

((1(1 14 x \VAlB.5- 104) 


\VA145(1-l()-,1- C. 'IhI(rtinlm x ().salivl 0.65 * 7 

(;14 x WA,.B50}- 10)4) 

WAI45(-I 8-2-5 1)..,dbcrrilttt x (.salitva (.75 ns 9
 
(('(114 x \V.\B50-104)
 

W\AI4)50- I I 1 ().'hlbcrrilta (). 0.97 32
- - C x saltiv 'is 
(('(1 14 x WABSO(- ()4) 


\VAB45(- 11-2-17 ().,h I'rcitimta x (). sativa 1.1( ns 93 


(('.(1x \ (56- 1(04)14 


Il)SA. (check) 	 C). sativa improved 1.11 100 


['SI) ( l=t).()5 0.41 

CV (1,,) 46.4 

nuihers of nematodes per plant; log transformed mean of 4 rellications 
= missing plants 

signilicawuly (11 < 0.5)1 different froml check 
us = not sign ifilmntlV different from check 

'. / },
 

FiI .:
 

plant (left) showing typical symptoms of 

yellowing and stunting ,ollowing severe 
nematode infestation, compared with healthy 
nematode-free plant. 

The African rice ()ry'za glberriTia 
provides nemiatode resistance for 
interspecific rice hybrids 

1). Co'vn (NRI), R.PlovrI'hl (111), 

,110M lins.A. 

lNst field sureys have shown that 

root-knot nematodes (M:'loidoh)'te 
spp.) are important restraints to rice 

lproduction in \Vest Africa, 
particularly in upland ecosystems. 
Nematode-resistant rice cultivars 
would he a low-c(ost MeanS Of 
neimatode control, hut inp~roved 
cultivars currently grown have 
proved to be highl suscel)tihle to 
these pests. BIecause resistance is 
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Stunted and patchy growth of rice plants as a 

esultof plant-parasitic 0dtelvoire
nernatode damage inMe, 

known to oCCUr ill0. ,' illh1,we 
un1dert(ook the present study to 
assess lelto)de resistaice allmong 

the stable progenv of (). s liva x 0). 
i,'i /bkticti I C n()55,.Illaide at WARI )\ 
siln'e 992. 

Bireeding for irrigated lowlands 
I.N. Siogh 

,lost lowland rice production
 

sN'stems in Vest Africa are rainfed, 
based oila itvet-seasoil rice crop, 
followed bv a different crop or fallow 
vegetiltii , using residual moisture. 
Irrigated rice is grown in large 
irrigatio)n sclthemes, wvhich freq~Ulntl\rriga io nrsc; w clSerent l'"CRETletwries, Cl 

perinit growing twlo rice crops per f 
year, and in number of' 

int vlettIy-Itsed loiwtan~d 
Ws'stems. The Iluil enviroitnental 

constraints to high rice yields are 
biological, suchitsMltf ,Mid Jpniteid 
blast, rice 'ellow mottle virtus 
(IRYIV), African rice gall midge 
,AR(GM), nd S(l' ests nid diseases 

of local signiificance. Iron toxicity is 
a severe probJllem at specific sites, 

particularly itnthe inland valleys. 

WARDA ANNUAL REPORT 1994 1. . 

Seven (. sativa japonica-type 

upland rice cultivars, three 0. 
hl(l,l*dIcultiVars, and 1(0stable 

progen, from a CAI 14 x VAB50-1(4 
interspecific cross (lab!e 12) were 
screened under glasSl mse 

tconditi(ons in the UK f(or resistance 
to \l. ico ,llitif ll)SAO, anRace 2. 

11im)roved variety c nilonhly 
cultiVated ill ('(Yted'lvoire, Was usedi-.
S tile SLJSC:el)tihC lece k, 

Among the U. satira materials, only 

RESEARCH 

(Susceptiblle} cross, seVenllot of It) 

were resistant, indicating that 
resistance to root-knot tinetatodes is 

a transferable trait. 

Our results are encouraging in the 

development of new resistant 
CUltivars. I however, tileI))SSihility of 
a recurrelce Of susceplibility reqnires 
tlhat progeny testing for neilaoderesistilrtCe Sh()uld h~eL'O)ntinu~ed 

throulghot lt 1iVari dlCe~eloet. 
In1995 We Will validlate the 

tiletraditional variety ()S(' atl greenhouse illthe field.anservations 

Wk Im)..'s improved line \VAI,,l8-18 
were resista t (sh( t significantly 

hoiwer root infestatio)n c(niiiiirCL to) 
chieck; RTable 12)...Among (lie three 

0. Ibe'tbit aiterials, one was 
resistant, ()liewas immune (fno 
n]ermaitodes fo0n11d ill the roo(t), Mid 

one failed to growv for unklown 
reaItsons. ,ilong tile ihterspeci fic 

that resulted fro)m a (.t14 

(resistant) x \VABS6-1I(4 

IRRIGATED AND RAINFED LOWLAND ECOSYSTEMS
 

. .
 

,I v 

..
 

!i1cisitg 

W,-I)A's irrigated lowland rice 
breeding activity targets rice 
varieties with high yield potential, 
medium or short dturatiotn, slender 
grains with good quality, itnid stable 
resistance to the biotic and abiotic 

stresses mentioned. Becaise of tile 
prevalen ce of blast disease, allinew 
introductions and recomlinants 

The field trials ws'ill encompass
b
 

and test varieties. 

Xt&Al: Siniglh plaMtN in pots were 
inoC,1lated at 12 day'Safter sowing with 
20(( tlatched M\.inti itilit juvenih.le in a 

R( de,ignl with tour replicates. Root 
neilnatl(de p opulat ion s were ihs,'sd two 
mrogenyafter inoculatiomi.1olls 

trials for irrigated 

. lowlands being c ,aluated 
inNigeria by a joint team 

." from WARDA, the Nigerian 
4 NARS, and INGER, 

undergo initial blast screening. 
Resistant entries move on to 
onstation observational yield trials 
(OYT), regional OY' atntdregional 
replicated )'ied trials (RYT) 
coordinated by the lowland Rice 

Breeding Task Force. Selected lines 
from RYT in aiy giyun co)untry are 
evaluated illelite varietal trials 

http:juvenih.le
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1AI11 13: Top-ranking entries in the second regional irrigated 
howlandl yield trial, short duration, 1994. 

Location Entry Yield (t ha l) 

Ihadan, Nigeria FAR()X 308-1-2 
1ION 3049-13 -1-2-3- 1 

5.53 
5.29 

T'X 3 )(1- 135- 1-3-2-2 S.13 
IOX 3058-28- 1-1 4.87 
FAR) 44,' 4.26 
Sl ± 0.27 
(Al 10O.6 

Rokupr, Sierra leone I )N 31)90- 135-1-3-2-2
TOx 3(49- 13-It -2-3-1 
ITA 123 

4.12
4.09 
3.66 

Guinea Yaka' 3.43 
:ARO 44"- 2.48 

SE ± 0.77 
(0;V W%) 4.5 

MIidekhine, Chad to)X 3440- I-1-2-2-1 
TX'31090- 13S-I-3-2-2 

6.78 
6.73 

IR04 6.68 
FARO 44' 5.58 
TON 728- 5.06 
SE ± 
A' 12.2 

N'l)iav, Senegal [AIO 44' 
TON 3058-28-I - 1 

6.26 
5.34 

ITA 41o 5.22 
1TOX. 34401-1o-1-2-2-1 5.18 
S( N 3 4- 1-3- 1.2-3-I 5.2 

(:Al ('3i) -

Kaedi, tNauritania 'ION 3149- 13- 1-2-3- I 
ITA 41, 

6.97 
6.83 

'ION 3())- 135-1-3-2-2 
FAI)X 303-o-7-2 
'IN I" 

6.17 
6.13 
4.03 

S:E± -
(A ) 16.4 

Nvankpala, Glhana TON 30190-135-1-3-2-2 
'lON30)58-28-1-1
'IO. 31)49-13-1-2-3-I 
IR72 

3.2 
2.8 
2.6 
2.5 

('R 18 
SE ± 

2.O) 
-

(V , 

Regional chieck LIocal heck 

(1:VT)or coordinated rice evaluation FARO 15). Based on grain yield and 
trials ((1R', followed finally 1y plant type, 80 lines were selected for 
trials in farmers' fields. irrigated lowland conditions. 

Another 63 lines were shifted to 
In the 1994 onstation OY' at rainfed lowland nurseries, based on 
Ibadan, we screened 3() fixed lines morphological criteria. Regional 
selected from pedigree nurseries in OYT had 5()entries, and RYT had 
1993. Entries were evalatLed ill 12 entries in I ligh ARGMal 1994. 
augmented design with five checks and RYNI\" pressure at some of the 
I1R72, ITA 3116, 146, Mahsuri, and regional sites enabled the 

elimination of highly susceptible 
entries. Only one line, TOX 3370
54-3-1-2, was moderately resistant 
to AR((M. Tiwentv-four lilnes 
showing better general performance 
thIlan the local check ITA.30o were 
selected for further characterization 
during 1,9.
 

A set of advanced short-duration 
selections was tested at six sites in 

six countries. :AR() 44 (SII
692033) serve d as the regional 

check, coml)lemenlted with site
specific local checks (lable 13). 
Two entries, TON 3140- 13-1-2-3-1 

and 'lOX 3090-135- 1-3-2-2, showed 
superior performance across diverse 

environments. TOX 31191)- 135-1-3
2-2 had high yields even at sites 
with severe AIiI l)rsstlre. 

A set of' 12 advanced medium
duration selections was evaluated at 

eight sites in six countries (T[able 
14). I1Z46 was used as the regional
check. Among several outstanding 

lines, 'OX 3233-4o-3-3-4-2-2 

deserves particular attention 

because of its superior performance 
across a wide range of 
environments, including sites in the 

Sahel and the htumid tro)ics. 

The substantial progress made 
during 1994 illbreeding and 
selecting high-vielding and broadly 

adapted cultivirs for irrigated rice 
results from effective region-wide 
collaboration, involving NARS at an 

early stage of selection. In 1995 we 
will continue refining our 
decentralized approach. Additional 
emphasis will he gi'en to resistance 
to RYNIV and ARW M, whereas the 
high level of yield potential already 
attained allows less emphasis on 
this obiective. 
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TABLE 14: Top-ranking entries in the second regional irrigated 
lowland and elite varietal yield trial, medium duration, 1994. 

Location 

Ihadan, Nigeria 

N'Dliaye, St. Louis, Seniegal 

Tove, Togo 

NyanlpkJta, Chana 

II)ESSA, Camp punal,
C6te d'lvoire 

Kaedi, Mauritania 

Manga, Ghana 

Mb, Cte d'lvoire 
(EVI) 

= Regional check 

Entry 

Tox 3052-4)-3-3-1 
IOX 3233-40-3-3-4-2-2T()X 3' 107-39- 1-2- 1-1H, 31)\ -21-4.55 

IR46' 
S- ±
Cv 

IOX 3233-40-3-3-4-2-2 
ITA 414IR 40" 
IOX 3109-73-4-4 
FAR() 50 
SE ± 
CV ±) 

TOX 325 -82- 1-3-2 
[OX 3107-39-1-2-1-I 
[OX 3233-4o-3-3-4-2-2 
ITA 23)o
TIR I 
SE ± 
CV )',) 

IA 23(1) 
TONk325,5-82-I -3-2 
ITA 414 
GR 18" 

lA 3"6' 


I.SI) (.)5) 

Bouak6 189" 
Cisadane 
TOX 3052-4 1-1'1-1-2-1-2 
TON 3233-46-3-3-4-2-2 
TOX 3M84-136-1-3-1-2 
SE ± 
(V (M) 

TOX 3107-39- 1-2-1 -1 
TON 3233-40-3-3-4-2-2 
ITA 231 
Jayal,
ITA 30(' 
Sl" 

CV C%) 


TOX 3110-37-3-3-2-9 

RI' 2107-14-12 

IR51463-B1'3- 160-2-2-3-1-2 
ITA 321 

IZlot 

ISI) (.(5) 

Cisadlane 
TOX 3050-6-E2-3-4 
WITA 2TOX .3084-I 36- 1-3- 1-2 

Bouak I8ol' 

IS1) (.)5) 

SI ± 
CV 1%) 

, = local check 

Yield t ha

5.23 
5.014.85 

4.12 
10.29 
113 

5.79 
5.695.66 
5.3(0
5.08 
(0.4414.6 

3.90 
3.83 
3.52 
3.35 
3.21 
0.89 
17.2 
3.40Consequentlv, 
3.20 
3.0(0
2.80 
2.80 
NS 

5.51 
5.29 
5.27 
4.83 
4.73 

-

6.07 
5.85 
5.49 
5.39 
4.81 

-
27.6 

393 
3.89 
3.69 
3.66 
2.59 
1.82 

5.11 
4.98 
4.694.36 
3.44 
1.27 
0.74 
21.5 

RESEARCH 

Breeding for rainfed lowland 
environments 
I.N. Sinigh 

The rainfed lowland rice ecosystem 
in West Africa has a vast potential 
for increased rice production
through area expansion and 

intensification. ( :ultivated 
lowlands, which are either located
in]valley bottollis or swaill )plains, 

are resilient, it thev are prone to 
variable periods of either drought or 
excess water. Water stress reduces 
crop growth and yield direct ly, and 

Il o alit renders the plant more vulnerable 
to diseases and weed coIpet itionl. 

Crop improvement to(r rainfed 
lowlands generally requires a high
priority to yield stahilitV, even at 

tile expense of some y'ield potential. 
WARI1)A's rainfed 

lowland breeding activities 
concentrate on materials resistant 
to blast, rice yellow mottle virus 

(YM), and African rice gall midge 
(ARIGM), with intermediate height 
to tolerale fluctting water depth 

and to suplpress weeds. In addition, 
materials must resist drought at 
both the vegetative and 

reproductive stages, and tile) must 
avoid late-season drought through 
short duration. As in WAI IA's 
irrigated lowland breeding program, 
selection for rain fed lowland 
adapted rice systematically involves 
the lowland Rice Breeding Task 
Force in order to diversify screening 
environ ments and enable national 
breeders to participate in the 

selection process. Separate sets of 
nurseries are composed for drought
prole and favorable rainfed 
lowland conditions, which 
sequentially pass tlhrough 
elimination processes in initial blast 
screening, onstation observational 
trials (OYT), regional OY'I, regional 

replicated yield trials (RYT), and 
farmers' field trials. 
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TAII'I 15: lop-Ranking entries in the second regional rainfed 
lowland drought-prone yield trial, 1994. 

Iocation 	 Entry 

\11hK, (0tc dIvoire 	 I(I 90-2,' 
T()X 3084- 130-1-3-1-2 
ITA 368 
IOX 3118-47-1-2-3 

'touiAk6 1891' 
SI. ± 
CV('!,) 


IbIadan, Nigeria 	 fOX 311111-44-1-2-3-3 
IOX 3(184-1 to-1-3-1-2 
IO 3154-17-1-3-2-2 
1I 1)6"
1G(9(-2-1 
Sl-(A', (%) 

NCRI, ladeggi, 	 ION 3154-17-1 -3-2-2 
Nigeria 	 lI154 

IRAT 21 o 
FARl) 44" 
t(;9(1-2" 
SI,± 
ISl) (.05)
CV %) 

Gassi, Chad 	 It( 911-2-
TFOX 3084-13o-1-3-1-2 
TON 3562-15-3-2-1 
F()X 3100-44- 1-2-3-3 
IR46" 
St:. ± 
(:\'
1%) 

Ihokle, Cameroon 	 T )3 1l18--47- I-1 -2-3 
IR54 
ITA 38 
TON 31100-44-1-2-3-3 
l1($ 9(-2" 
I.SI)
(.1(5) 

C V ' 

I laiIh , G a mhia 	 T(X399- 1108-3-2-2 
IR54 
11)X3154-17-1-3-2-2 
ION 3502-15-3-2-I 
It(;
90-2.' 
CV (11 

Nyanrkilala, Ghana 	 TOX 3154-17-1 -3-2-2 
I1154
ITIA
3{68 
B(6 90-2,' 
(Glz 19)" 
SIV, ±(CV(1y)
 

= Regional cieck LI ocal check 

Yield t hra-

4.91 
4.90 
4.76 
4.74
 
4.74 
0.96 
26.1 

1.37 
1.24 
1.21 
1.16 
0.54 
0.3257.8 

3.04 
2.55 
2.51 
2.47 
1.62 
).43

0.75 
20.7 

4.40 
4.28 
4.18 
4.10(
3.61 

5.117 
4.86 
4.56 
4.32 
2.41 
1.87 
14.9 

2.65 
2.24 
2.9 
1.84 
1.5( 
36.9 

2.39 
1.881.87 
1.72 
1.26 

iUring 1994, entries selected from 
1993 regional ONT and RYT were 
evahinated for a seconrId yea r ill 
drought-prone regional ()Y and 
RYT. In the RYI 12 entries were 
tialiattd A SeVen Sites in 	 Six 
countries (TaileI 15). I )ro)ught was 
se\'ere at tle vegetative ani 

reprOducliVe stages A [I)ALdil
 
(Nigeria) and Il)asilaiuu (rMnlhi~l), 
whereas nI drought was observed at 

N'Ili1 ((d'i 	i aind (Gassiru'iri) 
((Chad). \Vhereuver dr ught stress 
was absent, tile regional chuck 

B( 19(-2 tilt'ilded all test unltris, 
but it had interior vields at droughtdrugtprone sites. 	 Amllonlg the lust 
materials, T( )X 3084-130- 1-3-1-2 
stood iiut Iv haVillg Ihigh 	 iulds in 

u 
favorhle environments,while also
 
ranking high under druighIt-strissud
conlditions. 	 IOX 3100-44-1-2-3-3 

also showed broad adaptahility,
particularl y un dur drughlt stress. 

Based oin its short durationi, plant 
height, and agronoimic 
performance,T()X 1100-44-1-2-3-3 

was selected for larnier field testing 
in 1995 and was designated 'WITA 
4'. A parallel set of nurseries 

composed of more reent ly received 
accessions was tusted during 1994 in 

regional ONYT for dr()ught-lrone
 
environments. The hest-performing 
entries have been selected for the 
1995 regional RYI. 

Initial screeing during 1994 for
 

blast and drought resistance in tile 
seedbed included 78 I:4bulk 
populations. Only resistant plants 

were transplanted to niain plots, 
arid 18,321 Sindividual plants 
were seluctud. Wre will uvaluate 
them during 1995, using the 
pe(digrue iiiulh d. For Ihl'ridizati on, 
a new method lased oil genetic
nale-sterile progeny was introduced 

to more efficiently incorporate 
drought resistance into gerniplasnl 
with good agronomic pierformlance. 
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A separate I)reed ing activity was 
conducted for the more favorable, 
less drouglit-plr()zU h0whMlds. 
Twelve lines frm the 913 regional 
and onstatio(n trials were selected 

W for the regional tavorable rainfed 
yk %hlowland trial in I994. Four sets o1 

accessioIns were evaliated at lour 
sites ill four countries (Table l1o). xt 
tBnkle ini (Caimeroon), [lie regional 
check [1,A 31t, whichI has an 
extrrnel",v high yield potential, was 
snscuptilble to leal blast aid was 
significantly outyielded hv blast
resistant XI3)67-17-1-1. At 

'bvhre A.\RGM prusStue_ WdS 

high, the resistant accessions lOX
 
3440- 132-3-3-I and (Cisadanehad
 

On-farm testing with farmers joint selection of an elite .i WITA4, for drought-prone rainfed lowlands. significaitly higher yields thall tile
 
local check BouakW 189. These
 
materials will be further 

TABII- 16: Top-ranking entries in the ,egional rainfed lowland characterized il I995 in order to 
favorale yield trial, 1994. c)mp()ose onfarm trials. From the 

1994 regional OYT, 18 lines have 
Location Entry Yield t ia been selected in Sierra leone, 21 in 

Nigeria, and 13 in ( olte dlvoire. 
l 'te, C()te d'lvoire ITA 30)6 6.44 They will forin the 1995 regional 

TOX 344(0-132-3-3-1 6.23 RYT for favorable rain fed lowlands. 
Cisaldlaire 6.17 
TOX 310(1-44-1-2-3-3 5.96 
Itouake 189 5.30 OIservatilrs durig 194 showed 
SE ± 0.41 that under favorable rainfed 
CV (IN") 8.87lI)(.05S1 0.71 lowland conditins, the vield 

potential of regional check ITA 306 
lbalan, Nigeria [AR() 15" 3.06 will be difficult to beat. There is 

TOX 3963-8-1-3 2.53 scope, however, for 1'm1hel 
IrA 324 2.48 
TON 3162-11-1-2-1-1 2.43 improvement of blast and ARGM 
ITA 3(06- 1.92 resistance, aid the 1994 results areSI, 0.16CV,± 13.1 encouraging in this respect. For the 

drought-prolne lowlands, significant
tokle, Carreroon lOX 39o7-17--1 -1 7.36 progress was made in the selection 

ITA 31)4 5.64 of materials with broad adaptability. 
TOX 3095-52-3-2-3 4.82 The relatively new disease IYNlV, 
IRA] 112" 3.24 however, remains a major challenge
I.SI) 1.05) 1.24 
CV (%) 15.6 in breeding for both envirornments. 

Kaedi , Mtauri tania l1,\ 31lr 7.15 The natural pressure is too variable 

TOX 39to-17-1-1 6.72 to permit reliable field screening, 
laya 5 

6.70 ard no Iowlriit-adapted irdilca 
CXIsa3(1962 6.64Tt)Xm3009-66-2-1-6 materials resistant to RYNIV are as6.64 
SF:, ± _ yet availatble. This will be a major
CV (") 17.3 focus of WARt)A's research in 1995 

ar(id beyond.
 
= Ilegionial clieck " Local check
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I\LIIE 17: Top-ranking entries in first regional low-input-yield 
trial, 1994. 

t ha-1I.ocation 	 intry Yield 

I)asilalc',(Gambia 	 l)X 3055- 1()I- -1-3-3- 2.35 

TOX 31)5t-4t-12- -3-3 2.17 

lOX 3561-56-2-3-2 1.96
 
Maisuri' 1.51
 
DI 12-51VP 0.85 

n! w,%) 	 27.0 
SI) .05 	 1.02 

Seinle, Togo 	 IOX 3055 - 1-3-2-210-I 1.18 
FON 3)53--(-1.2-3-3-3 1.0(1 
Suakoko 8 (1.93

III I' 	 0.83 
Ntahsuri" 0.51 
Sl 0.73 
(V V ) 	 17.1 

Rokupr, Sierra leone 	 TOX 3499-84-2- 1-3 4.27 

Malisuri" 3.24
 
JlR48028-11-1-12,-3 3.48 

TON 35 1-56-2-3-2 3.06 


' 
1OjfLnI 13 ()211	 3.06
I.SI) 	 0.19-SI) 	 3.97 

Badeggi, Nigeria TOX 31(0(-44-1-2-3-3 4.51 
7106-2-3-3- 1 4.13 
TON 3409-84-2-1-3 4.13 
:AIR) 3 5  3.56 
Ma(su ri' 1.16 
1.S1(0.(15 0.72 
A ("%) 15.5 

Co tu ho, I A 80-4 	 1.95 
Guinea Bissau 	 I1R48028-lI-B-126-3 1.66 

SI' 7106-2-3-3-1 1.61 
Senquereh 1.45Mahisuri 	 0I.98 
S-± 	 
(V (",) 


- Regional check 	 -IocalL check 

Selecting rainfed lowland lines they achieve their yield potential 
for low-input conditions only if resources are abundant. A 

f.N. Sil.,h 	 specific breeding activity was 

initiated in 1994 to develop lowland 
Most res( urce-poor farmers in West rice materials with intermediate 
Africa cultivate rainfed lowland rice plant type, inlltilIle biotic and abiotic 
in inland valley swainll );with very stress resistance, and high seedling 
low fertilizer and management vigor that will yield a crop even 
inputs. In such ienviro nments, Under stibstantial weed pressure. 
many of tihe widely used seinidwarf 
varietiCs i)crflrmno better than the 	 l)uring 1994, 12 lines selected from 
tra ditional tall varieties because they 	 the 1993 ohservational yinad trial 
compete poorly with weeds, and 	 were evaluated by the lowland Rice 

Breeding "[ask Force iil a regional 
replicated yield trial (IRYI) in five 

countries ('lable 171. Mahsuri, a 
variety released as ROK 24 in Sierra 

leone, was used as the regional 
check. Twenty kg N ha Iwere 
hroadcast as a single dose after 

manual wcding, 25-31 days after 
plantifg.
 

Yields were highest at Roktipr in 
Sierra leone and at Iladeggi in 
Nigeria, at \ hich sites lOX 3499-84

2-1-2 gave the highest yields of more 
than four t ha .At Seine in logo 

and l)asilame in (;ambia, yields were 
iLuCh lower and the I)est- perf( ining 
variety at b1th sites was TOX 3055

10-1-1-3-3-1. In C0ontuboel,Ii(uinel
 
BissaLi, yields were also very low, hut 

the spe~ctruinl of best-performing 
lines was entirely different from that 
of tile other ,itcs. Significant yield 
differences between WARI),A 

selections and either the local or 

rgional checks were foond only in 
the three sites having the highest 
yields, l)asilaine, Rokupr, and 

g
Badeggi.
 

[hese IesLits, once co)nfirlned in 
1995 and analyzcd for the site
specific constraints encountered in 
1994, Will elble us to target low
inlpt-adapted varieties to specific 
stress enviroilmlen ts. Also in 

1995, we will test il regional RYT 
the best select ions from last year's 
observational yield trial of 5(1 

entries, from which 1n were
 
noi7 :0 et illadanl in Nigeria and 

Advances in breeding for iron 
toxicity tolerance 
ItN ii ,l 

Iron toxicity is a major problem in 
lany lowlands in the humid and 
suhhumid zones of West Africa, 
particularly in tile hottoms of 
i vil Iinland valeys. II igh concentrations 
of reduced iron in the soil severely 
affect the nutrition and growth of 
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IABI.E 18: Top-ranking entries in the second regional iron-toxicity ricU. Varietal touranuc to this stress 
tolerance and elite variety trial, 1994. is generallV the mist cost-tlUctiVe 

nlealls 1() illlJ)l'V riLe I)ll)dtlcti(ill 

location Entry Yield t ha-l on iron-toxic soils. In our work to 
dUvelopi 11w Vieties willh 

Fdtiozigi, N(CRI (K 73 3.20 enlialced ironmtoxicitv toleranice,

Nigeria TO .()3052-4-1:,1-2-1-2 2.38 we con'centratu on regionial


IOX 3()06-00-2--6 2.16 hotsp)ots. These inclhde Fdozhigi
Suakoko 8' 1.94 
FAIR 8b 1.87 and Ikot (Ohong in Nigeria (se'ere 
Is) .05) 0.37 tOxiCit\y), Ba dUggi in Nigeria and 
((' i.) 12.2 Korhogo ill (,(u d'tVoire (moderale 

Kaula, Sierra leone 	 (K 4 3.20 to severe), and at I )iihelor in Senegal
IOX 30S(-4o-13-3-2-3 2.84 (a com)ination (I stresses associated 
Suakoko 8' 2.83 
T( X 31(1-32-2-1-3-5 2.81 With cid s(ll)llat Soils). lgi(na] 
(issi 27" 2.06 varietal testing at these hotspots is
I.SI) .os) 6.34 coordinaltt s' thu leowland RiC 
(A' ' ) 9.44 llruuding Task Itorcu. 

Sikasso, Mali 	 Suakoko 8' 4.13
 
TOX 305)-411-.,3-3-3-3-3 4.(9 l)uring 1994 we selected from
 
1IP,4 b 3.67
 
l X 3( 52-41 -I 1-2- 1-2 3.57 Sugrugatinug gulurat ions,

I()X 310(-32-2- 1-3-5 3.51 observational nurseries, and


X 	 26.1) 1lnonl'el)litlatUd y d l trials at 

l(ordo, Guinea 	 DRK33-ItI)5-I'I)2-tt)4-lI)I 4.60 l:dozhigi, Nigeria. Ohsuratiolnal 
I()X 3 ')3- (0-2-3-2 4.57 (O\YT) antd rul)licatued Vied trials 

ITA 234 4.23 
Vija\ia 4.20 (IRY) for adVancuet suluctions %\ere 
CK 4l)' 4.03 conducted al several h)cltions withCV ('' 17.8 	 various N.\RS collaorators. The 

Menchum, Cameroon 	 (CK 73 6.47 IIwmad Rice IBreeding Task Force 
TOx. 3()~(-(,-2- I-1 4.98 ca mducledtI ' regional replicated
I ON 3100-32-2-Is1-5 4.29 
IOX 3052-41-E-2-1-2 4.06 yield trials for elite suluctions. Ail 

Sujakoko 8' 1.66 trials used Suakoko 8 as the regional
LS) (.0iS) 0.85 tolerant chuck, and one or mnore 

(T( 	 14.1) local checks. 

Korhoo, T()X 31 8-6-12-3-2 6.66
(e d tvoire TON , )52-41-1: 1-2-1-2 6.3( In thu 11))4 observational nursury,

T 3)i 6.17,)181-3t,-2-3-I
lBouak, 1891' 4.69 30)) fixed lilies were evaluated at
Suakok( 8,' 3.73 Edozhigi, usilg an augmuntudI,Sl) ((),(s ) 	 1.1 
(Al )IN%) 15.0 	 fl(llreplicated dt-sign. Forty-five 

lines were resistant and another 55
l)jihehor, StLIakok 8" 3.36 Were i u Lrsistant. These 
Senegal Il).l 684-1)" 1.92 

\VITA 2 1.46 lines will he evalultd ill VARI)A's
lOX 3081-3o-2-3-I 1.28 OYT during 1995. Inl the 1994 OY'I;
'IOX 3(27-43- 1-E3- 1-I-1 1.25 270 ]ilnes Were uvaluatud withSl- ± 

('CN ) - Stuakoko 8, IR46, Mahsuri, and TON 
3069-66-2- 1-6 as chucks. SelectedAnfani TEON 3118-6-12-3-2 3.12 

\AKI)A, Nigeria CK 73 2.90 lines will he tested in the regional
WIT,.\ 3 2.88 (OYTduring 1995. In the 1994 
CK 4 2.84 regioi, l ON'I So liles were 
SuLakoko 8" 2.79
I.SI) (.()S) 0,70 evaluated at four sites in Nigeria
S- ± 0.24 (l-dozhligi antd Ikot OIbong), Sierra 
(A' (%) 19.1 leoneI(Kahala), and Senie'gal 

= Regional check =LI ocal check 	 (1)jibelor). At ldozhigi, where iron 
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toxicity was severe, We foLnLd thait 
14 liliesU rS R2sistantt tIdilil\e I I It)A 11lN5 

ight lines otviuieldc'd tilt regional 
check. At Ikot (bong, Jiol toxicity 
was a:lso severe, and onkl\ 20) lilies4(Ji 
SlirviTdc, Out OfI Which \,ueectedF 
eight lilies. ,\t Kabala, I8 lilies were 

selected, with -\R 1))-2-12-1 
giving an oltstaiiding yield 01' 8S 

t ha '. At iDjilelor, reLprese'nting a
r)t -lil )llice ecosy.steml, iron( 

toxicity was conL;)il'I with 
ahimilinlI l hy'ldrogi. nsO phlSlIllide
 
toxicities. III this eiviroinlent ,
 
11n11. ot til lt lriuS CXC L Ciliet0
li 

N'ielIL of .S,;akoko 8. The bust-W.M
 

pirili ing lis from cach site will 
forill the lQ95 regioinal RYI. 

lSO iurinig 1994, thu Lowland Ricu 
llr-uding Task Force UvaliuLI 12 
elite lilies ilia regional IYT 
comprising eight sites ill su\'Cl 
countries ( lail I-). In five of the 
suvueil siitus (Idoxhigi, Ialiala, Ilorih, 
MLeiIIIIiI, aiiid Korligo) \arious 
untrius signiianitlini'OutViilid both 
local aI regiollal c-hecks. 

larticularlv pronsing are (CK73 iand 
TlOX 305)-4o-1:3-3-2-3, which 

outyi-lIdeid c'hec'ks at two sites aind 
(:K4 anild T( )X 310(0-32-2-1-3-5 (il 
one situ). The 1Klins are from the 
(hiian ilatiolnal i'ogra i l 
were recentily idenitiied 1w til 
L.owAland Rice llru.l inlg Task Force. 

Our hybridization activities inl 1994 
madu rsu 1 gunlic imalu stufility to 
more efficientiv transfer iron-
toxicity tolerance to progenyVwith 

rilroved plaint type. Bulk 
selections were maide from 27 F, 

populiationi grown at l.tozligi and 
254, Ij tolull~itions at Ihailan. 
)uring the 1994/95 drv season, the 

gunutic nmaiu-sturil i)lIuItioll, 
Wi.'ISP 1, was subjected to i 

S-lg 

kit! 

'1 

TV 

N41Jp 1 '- I 

Al 

I 

'' 1 t fk 4 1; 

Screening for rice yellow mottle virus in a screenhouse at Ibadan, Nigeria. All but the center variety 

are affected by the virus. 

su-cld oulcrossing cvcle with It 
iinpro\uid iroil-toxicity lines as 
nale parenits". Tolerant lines will 

be y parents selectud from male-
fertile plants using tilu piedigree 
Method, aild uvaiatuitd Lilirillg the 
1995 wet suasol at l.lozhiigi. 

Also ill 1994, we coot iiuued our 
search for better introdIucUil and 
loail gunutic Soi~rcus o1 iroil-toxicity 
tid Fiftuli cultiv\ars poi)ulartolerance. 
among firiers in theilla area in 
Nigeria were evalatued for their 

iron-toxicity tolerance, and all of 
them were resistant to iModerately 

resistant. Thilluy WilIe fitrlther 
tested at lkot Obong anid liFdozhigi 
ill 1995. 

It is lov clear that our research to 

improve iron-tolxicity tileranc e 

since 199) has vielded a large 
numier of materials that show 
stabhl performance across sone, blit 
not all, of tihe iiverse test 

environments ill the region. Many 
of these significaitiN, outyield the 
check varieti s. 'Tn make even lore 

rapid progress, we needilmore 
inforlation on tile spatial and 
temporal (e.g., seasonal) variability 

Of iiOl toxicit) anid oil the traide
offs betweell yildIpotential anil 
physiological tolerance. Intensified 
research in these areas ulring the 
next few years viii enable Lis to 
improve oUr screening 
Methodolgies and target specific 
stress ilItensities anIld comllnitions 

tlroLigh lreding. 

Breeding lowland rice for 
resistance to RYMV 
B.N. Sin It 

Rice yellow mottle virtLs (IzYMV), 

leaf and panicle blasts, leaf scald, 
and iakanae are the major diseases 
of lowland rice inl Wust Africa. 
l)riiizatiin ail sulut ion from 

segregating poprulations and fixed 

lilies conitinitl ltiring 1994 to 
dlevelop slable resistance.A fungal 
disease inotl describei.d before il liet 
regiol, udbatta, was iiluentified at 
Ibadlan, Nigeria. Although the 

disease had been present ill a miiild 
forl during past yuars, it became 
severe ill some trials and varieties 

during thu 1994 wet seasol. 
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TAIII.E 19: Top-ranking entries in the second regional Task Force est ilg in (0 )tl'lvir , I (,two
 
trial for RYMV resistance, 1994. line showing alptllc litI0MV
 

resist Iicc tl1(c4 niattiral dliWasC
 
L.ocation Lit rv Yield tIha -1 pressureT, I( )X 344(0-I7I- 1-I-I1- and
 

T()X3440- 17o- 1-2- I,werc
 
IliA, lIIdall Io.X 344()-I 71)-1-2-1 5.13 desigiated as \\ IA 7 ad \VIIFA 8,
 

I.\IA 5.03 rsl)c'ctivc'lv', for largc!-scalc testing
212' 
FOX 34-0-17 1-1-1-1-1 
 4.87 illfarellls fietlds. No advilcL'dIOlX 3553 -30-2-2-2 4.83 
IIA AWll 4.62 low lad na teral,,lesistiing artificial 
S.F-+ 0.27 illoculation arc avail llc' Itodate,

(X ('V l1(.I lowcver; st)wc ha\c ilten)silie!d onr
.
 

ltouak6 	 180".N~lh6, 	 I~iike 4.8(0 search for inlica-tl dolnoris n01
 
IOX 3440- -3-3-2-2-3 f4.55
able resistancc. 
IOX 32 17-10- 1-I 4.47 
IO1 A -	 4.3 1Ox ---
II A 300, 3.00 In a parallel apjliroach, w arc also 
S(± 0.74 
 irving to utilizC the rich sourct's for 

RYNIV resistance prscitIil te
 
Rokupr, Siierra Leone IoX 3553-3)-2-2-2 4.23
 

IOX 3211-14-1-2-1-2 
 4.18 
I( 315S-28- I-1 3.86 group anid il the'AfricaI rice Specis 
ION 352-4t )-12-2-2-4-3 3.84 ( )rmto ,Vlt/k'hirrbl.I;c grou ps arc 
IA 3(o," 3.0 genelicall\'and agrc()c lo()gicallV 

St. 0.15 
(AX ) 9.2 	 distant from thIe indica rice t'l)eS 

preferred in howla nilrice
Niono, Mali 	 TOX 3(58-28-I- I 9.I3 cultivati, but tncouraging 

I IA 30m, 8.54 
TON 3440-1 7o-1-2-1 8.49 progress was MAdL'b \V.\I )..\ 
It1()X 344(0-17 1-1-1-1-1 8.12 breeders dnrilg 1904 itwards the7.77IO 4 I 	 realization of widtc crosses and the 

i') 	 - retention of desirallc traits frin 
both t)arellts.
 

= Regional check IocalL check
 

.\ bi(tcclhnol()gical approach to 
generating RY:\-r'sisafl lowland 

RYIV disease has become a major areas under irrigated rice have rice progenyV is also I)ilg initiated 
constrahn to rice jiroduction in become affected since 1992. I)uring illcollaboration with research 

and ( ote d'lvoire, \vhere largeM,1ali 	 three vears of onstat ion and onfarm institutes in the I(K aid [rance. 

I'roicts will begin during 1095 to 
Viap andf mark RYA1V resistance loci 

illdilfcVent rice gr(ul)s alL Sl)eCiCs, 
and to Iramisfer eilher natural or 
S\'lthetic'trilliSgelICs 1f)rP),RV
resistance. 

Inorder to provide fariers illtile 
shortest p(ssih!;e tile with cultivars 

that are al Ieasi nmoderately rsi'iant 
A" to IX, V.\RI )Vs coliveltiollal 

: ..-. breeding and varietal ;c!ection 

~prograill has also tbueCll hiwensifie'd,/-inm 
 collaboration with the lowland 

Blrceeding Task l:(;rCU,.
1994, the third regional MV 

[t,, )ig 	 Rice During 

observational yield trial(.)YT)was
Udbatta disease, as seen at Ibadan, Nigeria, observed for the tirst time in the 1994 wet season. Condcted a four sites in Uite 
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d'lV(ilru, Sierria I.n, amid Nigeria, 
c(milsd (14) entriUS tCtted 
IriiiIi tlIui I I(l +staItiton( )Y I. 
M ICI rat_, IRSIV Iru.s'stHe %+rSas 
o)hsur\'ed tt 'iC i t L'()iWl)to 


and lokulr iinSieHrra l.v+)i, hut was 
alisurlt at lhadani ill Nigeria and 

aC luetal ill ( :()t' ri. Ihed 
12 highti'st-yilding Citris havilg 
al~l1rl)priitu )liit type, it() ItYNV 
llildlxw til,stsmtomiis, x'ulr, 
iuiiiiitatcI hr th l9 rIgioliral 
rcl)iicated yiUld triatl (It,I r. 11' thu 

10)4 rwgioinal KY I ci iductud by 
tle livlaiid Ric, BrTdiiig aSk 
(i, IYMtV I)r-tMc ails' IN) iVi 
ilt111(iSt ..ilid Vat.'dtal ,CL.tioiirlerrcitsites, 
was iilll hisud (M vild n111d 
r'istanuC to strsSs like blast arid 
Atrical licc gall Midge (.\RIMI. 

\Ve iade suura l crsus dtlrilgi 
1(t)4 in irduhr Wo,tdv the genetics 
)If rusistatiicai id to gcirWrat,ItYIV 

ipcdigrc tinies I)r 'sul-ctioii. 
Ireliiriary' ruStilts wil! Ieavailahl 
in t))5. .\ gcimial prI)iblUi, ill 
hreediiig (Ir RYIXV r'istatlcL is tic 
high tclnljroral variahilitv ()Ithe 
nitnril (liss Il',r which 
prevents rCliahlc scrC e iig tol 
resistaince illie ield. Ihis riras 
clhange s()()Iucansu RIYIV 
pressn rcrss the ruCgii i is 
genCeallV rising, tot ill ()rdcr toi [)r-
clilt such a de.velopient, brreeding 
for oYSIV rcsistallce muist llm he 
acceICratUd lsillg contr(uleCd 
infection in rot.cted 
en\i roil1CII 's. VAI ),Ais currertlv 
cXulndinlg itsscre1nhiinsC faciitiCs 
to realize this ojiccti\e, 

Ireeding lowland rice for 
resistance to blast 
l.\'.N.ihI 

Leat;n.l patlicle blast rq)resent 
najuir arid co'Sistcnit ()rIstrairts to 

ri(c produrtiont ill all West Ahrican 
rice ,cOSVtCiIIS eclI)t the Sahel. 
lhcaC. hlast r'Sistatnc+. is generally 
a lclCCsarv I)rurc(urisite l(r stahL_ 
v i.iital juirtm lilli~llCCillrailltetlMid 
irrigatud lovlMids, WAIl ).\ 

sdCiuntiSt, SVS-lteniaticallV sCRtt all 
nuw inltFOductin's, aMid s.-gl'giatilig 
tR'tlulatiiilS to ClilitiiatO highly 
susr_'l)tihL' Miaterials. 

uirim I ).-I, r(lC.rill to devlhoi) 
Variutius with stallC aid) durahle-l 
rusistaruc, lines were sc, iiiu.d 
nnder b()th niiatnl anlid artificial 
disasC )icu,,iitou,,iiig ieiCtor rows. 
Ill thu rCgioiltd and panicle 
blast scrccniig ;i nrsciv c(iindnctcd 
j(initlv Ir tile l.iahd Rice 
llrccdiirg Task Votice and W\ I)A 
scicntiSts, 1(0)0 lines u.crC cvalnatcd 
for rcsitaiic to leaf blast iinthe 
Mho plains and itKarewa in 
(:MIruMIi, lladn ill Nigeria, and 
Rokupr inl Sierra leoru. Panicle 
hlast was scrciicd ly1Vat Ihadan, 
Where inicidencC was very high. 
)iscasC i ncidcncc 'as Ii w at 

KarVa anid high at Rokupr. 
Varietal pIatte. Itsof leaf tblast 
responsc s'aivi d anrumng the fol. 
sites. l)urinrg 1995, ,35 lilies that 
stioved stable rusistance across 
several sites wilt be tested inl 
observational yield trials (YI) ill 
file Mebo plainls. 

In an effort tio select Iigh-yielding 
lwlad lines with stahle blast 
resistanrce and resistaint d~nors for 
our hybridization priogranm, we 
evialuatled 112 inpro)ved breeding 
lines for leaf blast response in 
replicated sreunltouse yield trials 
(RYT). Infector rows seeded two 
weeks earlier thirn tie test entries 

were illoculated with field isoilates 
of leaf blast at ]hadar. I)isease 
develom eiIlt hlasUl (M tUsiori si/e1 

and Ieaf area itn-Stat iol Wits 
;easnrCd at wCkls intervals during 

tIc vegetaiive grmth phase. We 

idtitiliUd four lines, !\:'A324, IRAT 
21o, IX Al118-47-t- -2-3, and 

X)N were322o-5-2-2-2, that 
iltnnu,.. Aiother 2A lilies were 
isistaii to illideluratelv resistalnt. 
I hei'C lilies as pIarits.Will h.usCd 
itn,ul)u)tj.cnt crosses. Using thu 
saine Scelinlg sy'stcim, we 
evaluiated 507 scl]Utioris ft'nn a 
geirctic miale teril-tclitatcd 

.,electioii piograii and 
tounird uxculleit rcsults. IhiirtV 

rcnlit 0f thu lines Were ir1nrmc 
and allother 2 were resistant to 
rmderatctlv r.sistai t to leaf blast. 
Most of the lines are ()Ia plant type 
snitcd tn ainfcd lowland cCOsy'stCns. 
Once fixed, we will test file selected 
lines ill ail (istation OY'T. 

Breeding lowland rice for 
resistance to leaf scald 
ILN.. ilr I 

Only roderate progress was i;,de 
iin1994 towards achieving 
resistance to leaf scald, a fuingus 
disease. Leaf scald is at major 
problen iii droiught-pro(nC rainfed 

iowland crisviroiinrCiiS, for Cxamlcll)] 
at Nyankpala in (Ghanaand ilthe 
NIo plains ill Gailicrooir. Tor select 
resistant IhAiwland adapted lines as 
donors for hybridization, , -e 
screelCd 1)25 lines for leaf sctdd 
resistance illregional and oristation 
trials, in collahorlatiiin with the 
NCIl reevurch stati(n at Amakania 
inlNigeria. Fortv-three lurccint of 
the lInes were rated snscCeptibl or 
highly susceptileh.. Onl,' 1()lines 
(1%) were rated resistant aid 60 
lines (6%)as ,ioderately resistant. 
All except tile susceptile and 
highly susceptible line', will be 
further screened during 1995. From 

http:l.\'.N.ih
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TABLE 20: Top-ranking entries in the regional replicated Task Force
 
trial for ARGM resistance.
 

Location 	 Entry 'ield t ha' 1 0: 

MlSw, (.tedivi'ire 	 W490-2- 4.91 ."AATOX 3()84-136-1-3-1-2 4.90 
ITA 368 4.76 
IOX 3 118-47-1-2-3 	 4.74 

Mhadan, Nigeria 	 T[ON 3223-46-3-3-4-,-2 4.10
 
T1W 324- 4.-2-2
B\ 348-1 4.0 African rice gall midge incidence at Rokupr,
ITA 306},1 	 4.00Suakok,, 8 3.70 Sierra Leone, seen for the first time in 1994. 

Cisadane 0.31 
S± { 	 5.12X,' 4.50 a previous [ hbridization activity, I5 

F:,pop{lulatioRs were also grown at
Amakama dhurin~g 19}4, and IhulkM'I}6, COtW d'lvoire 	 Cisadanle 3.76 iam drnIQ4al bk

ITA 3ief) 	 3.75 and individual plants were selected 

Suraksha 3.74 for further evaluation in 1995.
 
IOX 3907-17-1-3 3.67
 
BILuakf 189' 2.8)
I.SI} (.0S) 	 0.45At .Y 	 7.64 Breeding for resistance to insect 

adza, Nigeria TOX 967-17-1-3 	 4.56 pests ilnlowland rice 
3.70(lOX 3876-56-1-4 

(Cisadane 3.57 
Surakshal 	 3.56 Insect pests in West African lowland 
ITA .306 2.90 
Sl± 0.35 rice ecosystes are part icularly 
CA (') 18.5 al.undan t Where iMrd octioln 

systen have heen intensified. 

Gassi, Chad 	 BW 348-1 4.88 Varietal resistance is a major and 
TOX 3876-56-1-4 4.73 cost-effective method (ofcontrolling
SUraksha 4.60 insect pests, particularly if 
,OX 3967-17-1-3 4.56 
ITA 3)6 , 3.41 emlp loyed as on e of several 
,1± - components of an integrated pest 
CA (Y1 
 management II'NI) approach. 

IBadeggi, Nigeria TOX 3093-35-2-3-3 2.40 
TOX 3255-82-1-3-2 2.40) The most inplortant insect pests in 
TOX 3233-40-3-3-4-2-2 2.23 
I:AR() 2Q9b 1.97 WVest African lowland ecosystems
ITA 3(0o' 1.78 are the African rice gall midge 
,S .) 2sC:V ( 2.2, Orwolt orvirora(ARI.At), the stalk

eyed fly l)iop.,i. spp., znd the white
KarfigueIla, Burkina Faso Suraksha 4.88 stem borer ih t .scp riftilt. 

(:isid nchie 4.65 
TOX 3255-82-1-3-2 4.38 WARI)A entertains specific Ireeding 

W 348-1 4.24 programs to develop genetic
ITA .306' 1.52 resistance to these pests, whereas 

.SD} 0.85 
CV 1%) other insects with more local or13.1 

... .minor significance are addressed
 
= egional check = local check 
 only through routine elimination of 

suscel)tilble rice lines. 
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IAIL 1: 21: Top-ranking entries in the second regional quality rice- Illthe 1994 regional replicated 
yield trial, 1994. yield trial (RYI) for ARGM 

conidicted Iby tihe lowhlad Rice 
"1
Yield t li Breeding Task Force, 12 linesl.ocation Entry 


selected fr()lm the 1993 egiollal
 

Ibadin, Nigeria 	 Niaris 85-12 4.45 OYT were evaluated at 0 siits lIable 
Kilombero 4.16 20). Low incidence was o)servled 
lguazalpa 
 4.10 at Ibadan and Badeggi illNigeria,IR 841 	 4.09 

IA 222" 3.83 at ,t be in (te Lvoire, and at 
SE ± 0.29 (iassi in (Chad. I ligh incidence was 
cv (I" 13.3 observed at Karfiguela in Burkina 

NCRI, Bladeggi 	 I)R2 1.15 Faso and (idza in Nigeria. At
 
llasinati 217 1.09 Karfiguela, tour entries iSuraksha,
 
ITA 222, 1.06
 
Niaris 85-12 	 0.97 Cisadane,T(X 3Q5-82

-1-3-2, and 
Kilunbero 0.91 1XV348- I) significaltly nut-yielded 
SE ± 0.17 the regional check ITA 3(06. At 
C1 C%) 34.9 adza, (Cisadane and SUraksha also 

AmIbedlane, Chad 	 Niaris 85-12 9.88 achieved high yields, but onliv TOX 
JR 841 9.7 3967-17-1-3 gave significantly
I)R(2 9.24. 
tasmiati 219 8.48 higher yields than the check. The 
IA 222.' 8.48 trial Will be rel)eated in 1995 using 
CV C%) 
 12.2 
 a subset of the entries. 

Sikasso, Mali IR841-85-1 -1 3.94
IM1.	 3.91 Althou~gh atnuimber of' high-
Iit84 1 3.79 
Niaris 85-12 3.69 yielding varietal selections rated 
ITA 222- 3.06 resistant to AIR(M during 1994 
(V (%1 	 22.0 under significant itural pressure 

Contubhoel, R) 15 1.80 illthe field, our screening trials 
Guinea Bissat PlSa IaSinati 1.35 under controlled conditions 

SiK 3 1.26 
1.22 showed that no truly resistantI)R2 

TA 222" 1.07 materials are so far available. The 
S ± -main Iecianisn of resistance to 
C CX.0.ARGM as observed in local cultivars 

like Cisadane appears to be based onRekgional cieck LI ocal clheck 

colpensatory tillering ill
 
combination with a relatively long 

ARGM: AR(NM is probably the leone and at Gadza, Afani, Itoikin, duration. In 1995, we will intensify 

mlost significant rice insect pest ill and Ibadan ilNigeria. Severe oLr search for ARCNt-resistant 
West Wfricm. our gernplasm, particularly for donorsWe complement 	 ARCM incidence was observed for 
breediig activities for varietal the first time in Rokupr. We rated of additional traits of resistance. 

resistallce gelletic studies, 25 lines (23%) as moderately 
characterization of the ecology of resistant and the remaining lines as Stalk-eyed fly: For resistance to 

AI( NI conducted il collaboration moderately to highfly suscpt ible. stalk-eyed fly, we evaluated in tie 
with NRI in U. K., and germplasi Incidence was also severe at (adza, field 20 lines selected during 1993 

exchange with the NARS in Inlia. Afani, ald Ibadall, but it was low at illreplicated screen nouse trials. 
The ain of the latter is to test Itoikin. ARGNM infestation was as The resistance to stalk-eyed fly was 
whether Asian rice gall midge high as 36% of tillers in all confirmed for all entries. Four lines 
resistant materials from India lay independent upland blast significantly out-yieldLd tile 

be resistant to ARCIM. screening trial at lbladan with 100 susceptible check SuiKoko 8, hut 
entries, from which 21 resistant nione had higher yields than [[A 

I)uring 1994, 110lines were tested lines were selected and shifted to 306, the regional high-yielding 

in a regional observational yield the 1995 ARGM on-station OYT. 
trial (OY') at lRokupr in Sierra 
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check. The I)ust-p),rf(irming resistant planting tall li)laild \,lictlie Iluring I916, \ ali l (l-Cli ill and 
entries were FOX 3440-1 70-1-3-2-2 aid/or tianlsplalitiiig (ddr, anid trailistr to N\AR will coitilll. 
and [OX 3440-I.6-2- 3-2-3, both of' thurctOR tallufr, s,,dt.lings; Or I lOWUvr, We d.Luidud to) Mu,,iiIld 
which yielded 4.0( Ilha'. jhiitilIg On aritilcial ridgU, to the hll)ritli/ati\) U l icii.I (i1 

avoid planlt SIIhiiiUrgcncu. Il)riiIg this activitV illordr to p)rVidu 
Vite stem borer: 1I11994 wu the Ii st thiL \C,, WARI). has ilOre locu,s tO the hWlaiid rice 

uV aluatcd .ijdurhlivhuld field Ciidictud a sIadl-s-cAic hrUdhilg hrLding )rOgtari as a whi. I his 
CO)Ilditio llsI lilics selectel tOr l)rOgNII IOr ICIiutill dCCjlWatLr dLc.iSi ) Will he rT\iC'\ d Oiil tihi 
rcitaiicu.to vhi,' stCIII u'cohigics illC'1lil),I tii)ll hli the lilrOlOgi(l10 Ircr With the Ot 

duringI l9)'3 illscruTihoiOLSC trialS. lollnd IicC ht.cdirg taisk FOrc_. cliriCt.ri;iti (Of \.USt Alricaii
 
Iel hills Werc oiilv . inlantd vallUS
rae '(illuctu.d Which ik l)rsIitly
 

tOr stuni tiscctio at 3t), 6t0, anld I)uring 1t)94, a rugi(gonal w,_illg
(Oidoctcd hV the Inland
 
00 (1's alltcrtrailis,)iatitiing 1)1.1Ois,+r\atioii l vild tria.l ()Nl I with \'allCV ( On'Otiini.
 
I11C avtuIrat ilI",tltion ilncl-t'. Cntrics ;it lhadali
(M(t \as COtHlLiCtcd 

trom 14'i, at 3) I) 1 to 2 "',at 0t0 i0Nigeria and \tadiiia (.aii iul ill
 
I)1 and S2' at M) I)1. \t grain I Wtiiia lisSai. TiC .iltriCS had Selecting lowlanid rices with
 
IialiritV, MillV ( isaln .34'! aid hccii sulcLCtu'd troin al oiiStatioii superior grain quality for
 
T\ 382 I4(!,, I)iid how infestation rulIlicald Viuld tridl IRY I during emerging markets 

ci)IIIl)drCd to the Wgioiual clu"k l\ 1993. \Watcr dop'li did Il(t uxcUu.d B.N.iln,1'h 
.ttio U1 !i,. IllIQ6.), we will forth ir .5) ciii at Ihat.i,, wllur ,a it was 
test thi hbest Sclc.Lt ius i.ii()ithis IS)) cm11 tor xtu l,.lCpCdulriiodS at' ( citsit.r prlut-ruicuS lI"r grain 
trial atltl riiinc rLlationShilp \ladina ( anihiuli. Fiftll lilies tlyp and quality vary amn(g 
hItwoVCCI ilt,,atio l aid Vild loss. showcd high sur\Vival ratCs and wOtntriCS aiid Ct hiuic grtips inl West 

\'ieuldud at hCast as IinLh grain als \frica. Until lt lai 19I80s, 
the local check Suplti1ut. At lbadaii howuv\u2.r, the rugulatud ricu ilarlIkts 

lBreeding riC variutius 101- we identifiud 201 prOriiisirig lins. and (lparticularly ill thu irrigatud 
nedinu-deupwater entvironments 'I hesu lilnus Will he tusted in thu. suctor) p)roduction and 
I),\'i 1995 ru.giontal RYl. 1 I994 trainslormation stells i)r(ividhd 

rugionrial YFwas cOnlducted at griwurs littk, incLiitiVu_ to proithicC 
:looding is asOciatd will a thruu sites, hut uarlV sihmutCerguiuctu rice with suilrior graiil duality Or 

significant risk (if crop devastated thu trial at oml situ, specific grain characturistics. With 
sihmurgunclu ill twO lowland rice Iirni Kuhbi inl Niguria. Yiulds wer the inlupltnltati(nl structural 
sub-cos'stelins in West Africa. highest for TOX-344)- 104-3-3-2 adjustint and market 
First, traditioiial and uxtulsivu and TO 339M9-o4-2-2- I in]Tle liberalizatioin, prolitabl markut 
dCluupw\'atur rticu Sv',tuiS .xist illthe (C1nhia aid tr ITA 236iat IIadan. segmints tOr ligh-qmuality ricus are 
suasOciaMll inntUld hodllain s 0t Hut no sigiiificlnt ditltueneus iow likel t)d vulih, which will 
larg rit.Vrs. 'Ih p.ruidtuCtiitl ain]+.g ultrius recibserved du cOMPute noru ufL'ctivule' thin at 
sstliis, which nitail v use to high variability. l)IuseIt with dLuality iIl)ol)rted rice. 
uolngatilg (I ,Iabcrilla rices, have It is also likuv that milling rec(iery 
been marg ;alized by the gueural Alsio in 1994, we coitducted inl might also' bcoiliu an additional 
trend towards intunsification and colla oration with national factor deturtiting IadIy prices. 
aru t(any ddrssud 1W an ontarmiiior aIIt scientists iii (ambia 
\VAI,)A's research programs. trial with five elite lines selected Most urban rice consumeurs illWVest 
SucOIld, inu+diumLu P floo)ding a.lso during 1993. Thu lines were Africa irufur hmg,slundur, 
occurs I'll rainfud lowland rice llanted on farmers' fields near the translucent grail typus. Aromalutic 
uiiviroi tnuits in inlanid vall(y'S nd villages of I)asilamu, Sitlsinjall1g, ricus are also pipular iii soileiuaras, 

-
flhoodlains wvith l rw'atur Ndu hn, anld Siiiitla. " but thuv are scarce and expuTOX siv. 
control. Watur depth frelqountly 64-2- 2-1 gave cinsistuntly h igr TO pro'ide consumers anld rice 
exceeds 5t) ciilthere, and rice yields and was alpplruciated hy growers with high-qualit' rice 
viulds are liiitLd by poor plant farners for its sturdy plant type v'arieties having acceptahle vield 
stu'ival Mind lidgiIg. Firllmurs LUse and its lo and eruct flag leaves )otential, ill1994 WARI)A initiated 
suV(ural me,tho(ds to avoid Ilailit which Iiulp conitril bird daiag . a specific variutal selection program 
subuerguence; for uxample, 

http:rcitaiicu.to
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IABI.F. 22: ( rain quality traits of entries in second quality-rice-yield trial, 1994. 

)esignation Origin IPaddy Brown rice Milled rice 
1000 grain Milling Ilead 
weight, length Width l./W yield yield 
il gin (nun) (1n1in) ratio (%) (%) 

Basmati 217 India 23.6 7.41 2.04 3.6) 60.4 57.4 
I)R2 (Ycte d'Ivoire 25.1 6.72 2.32 2.9 66.9 87.0 
[guLzaM ipa Nigeria 3 0.7 8.03 2.3 1 3.5 57.7 53.5 
IR841 IRHI 27.4 7.01 2.35 3.0 63.9 75.o 
IR84 1-67-I - I IIRI 28.0 7.06 2.40 2.9 64.7 81.9 
11R841-85- I -1 IRII 24.4 6.97 2.17 3.2 06.4 90.4 
Kiltinuber() Tanzania 34.3 7.86 2.50 3. 1 o3.2 72.o 
Niaris 85-12 BIenin 7.62 3.2 71.0 .30.6 2.3o 35.3 
I'usa Basmiati India 23.9 8.16 1.85 3.4 62.2 59.4 
RID IS Thailand 29.5 8.04 2.55 3.2 66.6 79.3 
Khlrao Iawk Mali IRS Thailand 23.( 6.43 2.45 2.6 68.7 90.5 
I'A 222 (cleck) Nil., ria 29.1 6.79 2.50 2.7 65.7 71.6 

for the irrigated and la\'raihIe ill lur countries ([abfile 21). :\mong Amlbedane in (had, exceeding eight 
rainfed lowland ectwv\'strns. the quality criteria were extra-long- t ha1, even for the traditional 
During 19193 aifirst set of entries, slender or hug-slender grain shape aromatic variet\ lasnmati 219. Biy 
ilncluding lng-slender aid extr-;- arid high nmilling and head rice .'ontrast, yields were generally only 
long-slender grainiVles, sLch is the recover}. I etails of variety origin around ole t haI ill the iroll-toxic 
BtastIll iriCtis, was characterized and grain properties are presented ,ladeggi site in Nigeria. Niaris 85
ill o)servatioial yield trials. In in Table 22. 12, a lowland rice from Benin with 
1994, 12 seections [ruim this trial extra-long-slender grair and ';ood 
were tested in regional rellicated Grain yields varied nInore amnong milling recovery, gave the highest 
yield trials il codlaboration with the sites thall alliong varieties. Yields yields under favorable irrigated 
lowland Rice task Fo}rce at five sites were generally extremely high at co}nditions in Aruhedinre, and 

Ibadan, Nigeria. 

Rice varieties from other rice-growing regions of the world that have b,.perior grain qualities are 
tested under West African conditions and care f!.1y stored fo further study Dtring 199.5 we will evalate these 

same 12 materials in different 
1mvlland evirorinents ill which, 
because ot their morphologicall 
plant type, they might show 

SpeCifil dapltaltion. We Will ASO 
characterize in More detail the 

cemical properties and eating
quality if' these rices, and we will 

,- ,test a subset of the materials in 
filrlllers' fields. 

~ h.-v 
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SAHEL IRRIGATED RICE PROGRAM 

y eld pOtelntial (grai 	 pioF iit (oi ge0IOtyl)e, varieties from1te.ntial as i II 	 the gerinJ)lasl 

Obtained iiider i(eal Co'uiditioins) il 	 X Clnvir)nlll,,.,t ilteractioS, and to develol)lent project were released 
the Sael is particularly high 	 Colltill',e an existillg varietal by the Selegal Nlinistrv Of 
btecat1e fhigh omlar rat:iatiJ(l mid 	 Slectionlprojt.cl that has in the past Ag riculture. 
the \iLteS,, .ad adOI)ti() Ifhig h-	 IO\'iJet+' 1101Ot Of the varieties that 
v'ieldillg VaietiS. It)e_,xli))It thi+S now grown larmfers,, ReS'ci Ie d0vehlo)nelnt Ofare IV S. onIt 
JtL)tntidl, hingC ifiCeStn~enlts ill S'tdilal)h_,ti'()lehl ),,'iIS ,;',,erJwa's 
larg,-SLitL iiiigitlin) SdICHIeeS were ()tlragret.l(OIgi(.al (.h1clteri/atioll initiated illI 004, with field 
lih11t, illtile t)(s, using m;.:iuly studies have highlightetd the.t eXln.rhnneut's at \W\RI ).\'s ecarcll 
tCinnilogieS iIlij)OItnd 1]-0no1 Asia. COIIII)leXily Of the SaIlnlidll iiilis t Ndial', and ie Olon 

,RL' ts nlaVe (ItUIi heit.ll 	 enlirtulInnennlt, aid shOwed tile laInier'+s filds to ulitC IllIe tle 
di'iJ)I~iiltihlu, hi)\vcvLAI, h,-L'tIi +Of iiil))tance Of sptil anid teninpjiial efIfct 01 Suurface uihillnage and
 
hinn +njnro;)nIatl j_,rattunetm . loIrhuh/single ci pping ()isoil
culturnal i)racticst.,,, viariahilitv (fte.,i 

1)100rSoil MUid \;.itci ('i)I)j)illg CA;LlldilS Mid yied . saiillit Researchn Onicrop
liiaIi IIgCIlt, IIle\' tioll. 


testltilng a1 SOl degridation, mid Ionud tliat InIOSt irn()niinig estahlisinInet iractices initiated
nave tIt,' 
v.ihtieS whOose duration o.(nillicteud 	 niechli.i.i rmsistlininug high ill19-9)2, sIch iswet direct seeding 
With the oljeetite oIf d(IOUhe 	 vOMS is tio dvhIUvIol)Zii)r>Oj)riiite Site- and transIuniting, vaS Coilthled 
cjlpping. Ihn."esIe 	 Sleiflic Mlinlninati,,OIf cunltural inn1994.trends have drawn 

inut(o question the suStainnalbility 0I rnacticeS, tlroIjn)ing tialenndas, and
 
irrigatCd nice jIm iuhuti innthe genetic_. natcrial+,S. Poweru.lI ( Allah)Oration with nationnal
 
Sahel. 	 sinIulatiorl IoOIs to MaitCh viarieties )rOgraills through tie Sahiel Task 

with cro Glnj)ihng wercalen-dars Force and WARIl)A-Sln)Onsored
SilIce I 1(,\V\II )A lits addre.,ssed develIp)el. Nan'y S'arietiCS were Studies at Ieochumark sitcs in 

' this c()nil)Iif,01 jprunhleIS tlr()iglh chlaIacttri/etfd 101 hr ilIOtotherInial Sennegal, talli, aulIBUrkina Faso also 
its Saht.l Irrigated Rice l'r,,4ratnn, via 'cSi)OnSes annid thneir iefrlurnanctC coltilmued. 'Ilese inlechanisnlns Of 
three ntnaio;r rUSeUnhn p)rOjccts: (II under dvulerse soilsOalinity and wllanoiation greatly increased the 
lAharinct,.'ii;itioo t01 Salelian alkalinity c l(itions. exchange of genurplas, andOh 
e.lviroinient for irrigaled rice 	 ilfOrination witlhh tile region, 
pro)uuctinll; t2) deeUIhnmn'icnt of At tile same tne, Our germplasi helped initiate a new regional
suitahlh., gecrinnlsis1; (3) imllrOvellneilt prOgrall focused Oin research (ocus ()ncrop Mid r'esourllce 
deelonCtt oIOf+sUtainllel tite selection of high-yiluMhig innanagellullIgMt, and ir)vided 
cr.opping \steis. Iro) ]91) to varieties with different growth valunalule inlilto'latioll ol 
1094, emphas,i was the first twO fully exploit the interactions between tile ge'n)t)pe()ni durations to 
jiroj'ctS, to gain a IlnttCr Sahelial climatic conditions. This and the climatic and edla)lic 
nnd.rstaniuting Of the Salilian approach has aleady achieved environments. 
cuvirmlulimnt, to quantily yield some early success, as in 1994, three 

PROJECT 1: SAHEL CHARACTERIZATION 
analysis and 

siinulatiOn nmodeling at WAR),A has powerful simulation tools were growth duration and spikelet 
facilitated the agroecological developed to match varieties with sterility of 51 varieties as a 
characterization Of the Sahel il crol)I)ing calendars and to predict function of ilanting date and 
terns of clihatic constrainlts to climatic risks associated with any mIethod, and climatic condition"s 
cropping calendars and yield. climate x variety x calendar scenario: Ilthe Sahel; 

[he use oIfs\'stem'nS 	 I )uring the last three years, two I )EV: a model Sinnulating 

http:Poweru.lI
http:agret.l(OIgi(.al
http:lprojt.cl
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TABlI' 23: 	 IP model results for representative ftmns for two areas in the Niger River valley. 

Say. 	 Tillaberi 

Rainy )ry Rainy l)ry
 

SeasoI1 Seaslon
I'lOdulc(d With access Season Season 

to land in: IR' Sa R (:a R S R C 

Percent of irrigated land cultivated incrop 

PI)ilic scheme only 
It ) Base model 100 -, l0t - 100 - 100 -

(2)With rotations: short rullc 100 0 100 0 100 () 100 () 
A) WVith rotations: longer run, 100 0 32 68 73 27 0 100 

Private scheme only 
(I Base model 100 - 100 - 100 - 100 
12) With rotations: short run 73 27 0 100 58 42 0 100 
(3)With rotations: longer rull 	 73 27 0 100 58 42 0 100 

Both pul)lic and
 
private schemes 

I 	 Base model 100 - 100 - 100 - 100 
(2)\Vith rotations: short r1 	 100 0 100 0 100 0 96 4 
(3)With rolations: longer run 	 61 39 0 100 0 100 61 39 

,: 	 it = ritc; S = ,(rgto n; C = ,co')Wi)ua 

h: 	Irrig,!td sor.ghtm and irrigated cowpeas are not included in the base model, since they are not currently practiced. 
Int thl slWrl-run scenLario, mnlv variabile costs are considered. The longer-run scenario takes inlo consideration 
I \Wdt( sItSi' Wvei1. 

)rvzaiS: alc op growth Ndiaye and Fanaye (\VARI)A stations a user-f riendly version of RII)EV, 
simulation model for irrigated inS61ncgal), Niono (Mali), Sourou along with a manual, will he 
rice pro)ductiol, originally and Kou valleys (Burkina [aso). transferred to NARS and other 
de'ehil)Vd h "Asia, but adap)ted collahorating institutions. 
to Saheliall clilatic (onlditions. Crop piaratllelers for key varieties 

needed as inputs tor OryzaS and The mini-rice-gar-den trials will be 
Il IV and ( )r'zaS retlilire hasic RII):V were ohtained from continued and used to expand the 

climatic data, iIcltudinlg daily solar continuous crol))inig, rice-garden, varietal (atalog in1995. The rice
radiation (only ()ryzaS), Iini ull and mini-rice-garden trials with garden experiments at Ndiaye and 
and Ilaximitnl temlerature. A mntlily I)laNtilgs. These Ianaye, however, ws'ill he replaced 
cliMIatiC datahase (or a large nlbler eXp)erilllnts were used to develop bIw a trial focusing oil nitrogen (N) 
(It sites ill the Sallel is already a varietal catalogue of genotypic use ticiencyV (f irrigated rice as a 
availab:e at W\ARI )A-Sahul. constants descrihing variety- functioll (0f variety, crop 
Nlicrnieteo)rohgieatl stations have specific spikelet sterility and establishment method, and timing 
alsOi ILeel intalled At tive growth-duration responses to and dose of N fertilizer. Results will 
benclmark sites inthree countries i)hot)operio)d and temperature. be used to o)tinlize fertilizer 
to oltaijn real-time weather and Fifty varieties, including the o1nCs al)plication and to(developIa 
inicroimeteorological informnation: most Commonly cultivated in the simple N ul)take routine for the 

Sahel, have already been yield iodel O)rvzaS.
 
characterized and were completely
 
documented in 1994. It,1995,
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Economic constraints to irrigated 
rice-based cropping systems in 
Niger 
A-. l'fini; and T. RhIdolph 

(;ontintloIs rice donhle-crol)pping, 
stach as is )nacticecd Oil irrigation 
schemes in Niger, inctrs a nLmber 
of pcotentia agronomnic and 
economic risks. this sthidy-
evdlates the eco1nomic leasihility 
of imtrodUci g ,altiernatiye crop 
rotations to minimize such risk. 
(See Tahte 23.) 

Ti assess current prac-tices and( 
technical paramuters for irrigated 
rice production iin Niger, a two-
stage snrvev was cictMliteCl during 
tile 1993/94 cropping season 
comlsisting Of a s-ilage-level cenIsus 
o1 rice prodtuction iin 22 villages 
athng the Niger River valley, 
folto wed hvy a series oLffarmer 
interviews among a sample of 7t0 
rice i)rOdUccrs froll itour Of tlhe 

villages. Based oil data from the 
snrvey, iitilt i-pcriodI farm-level 
linear larograiiiniing Imold,els were 

d(clelIt~ecl for a single clot] year 
cvCIc for proidtcrs il toth piuilic 

aMid priVate sceii(es. The ecCononic 
imlpct f cr l cliversificatiin was 
then siinlatec hv irlducingt 
attcriiative cropping patterns into 

hile hase modinels. 

Alie simnulatioan indicates that 
t)r(]cluccrs 0l private schemes are 
likely to integratt- sOrhllni-rice ild 
rice-cOWliCa rotatilis into their 
irrigatccl crl) phiig patterns, hut inOt 
pioducers Oil public schemes, at 

least ill the sthort rul. When fixed 
co sts are taIkei ilto ICCOIlIt, 

cliV\ersificalioi ill crolp)ilig patterns 
hecomes ecloillicalv feasihle for 
all prcltucers. The results suggest 
that suhsilizecl irrigatiln services 
ail inl)LtS ol the )thlic schlnes 

discourage the inltrLduclion Of rice- dates With the liinimirnl air 
hased rotations, since savings related teilj)t-raltlrce ( I'mii ohservXed dnring 
to lower water recluirenients are not the first 15 lays atCr fhLwerinrg. 
expressed in terms of lower prmducer (Graiii weight was coIlStalt and 

' costs ad inprod retons. 	 naxialll at IaiMin > 2(Y ( ', nit 

clecreased stIarp s rolppedhil [m 
helow this limit. ( rain weight was 

Genotype and climate effects on not directly coTrrelatd with solar 
rice grain weight distribution in radiation Rs), 1)11 the corrltatiol 
the Sahel hetween graii weight ald lnin 
\I. l)O, kn/m m/,i \. (J'vsm 	 improved tnrther it ohselvations 

associated mSith lhw Rs were 
Adverse temperatures during grain disregarded. ( onsectueitlv, grlail] 
ripening can scverelV reduce rice filling mainly depended on 
grain duality and milling recovery terlperature and to a much lesser 
uinder SahelianM conditions. Ilhring extent om Rs. 
1993 and 19Q4 We studied Onle 
colflh)Ol enlt of grai] duality, tle Analysis of variance tor li]ean grain. 
\'ariahility Of filled grail] weight, as weight using four replications (hoth 
a function of seasoti and genotype, sites pooled) showed significant 

interactions hetween genotype and 
loIcallV ciltivatecd lava and the planting date. I ,13240 had the 
advanced selections ITA306, most stable and ItA3()6 the most 
I11324)-108-2-2-3, IR31785-58-1- variahle grain weight. ITA3t)6 had 
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FIGURE¢ 24: Grainii weight distribtition of ITA306 rice for four 
planting dates in 1993/94 at Ndiaye, Senegal. 

2-3-3, and 1R64 were planted ill heen specifically selected for the 
193 ail '94 at imontlhl intervals therlmally stable wet season, ant 
ii rice-garden trials with two JR 13240 for good adaptation to 
replicationis, at Ncliaye aind Fayave. hothl the wet and hot-dry seilsolls. 

Figuire 2- shows tlile grain \veight 
Ill all test varieties, tneai] grain dlistrihutiol for l'A3Tth t)lilltec oil 
weight was significantly positively four key dates at Ndia\e. The 
correlated (1P< 0.0,S) across planting highest graian weight was oiserveed 
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Mav (iiitor-seasou, the Season \Ve conclude that anlionig weather 
having tilt I ,V,t YS jatodilitn piaranneters, Inu linited rice grain along the five test glloty)es. 

(r . but also has the lowest breakage 
oar raill 

the highest I mill during ripening), lilling the loSt. (6 noytpos 
tto~wud \'h t sOisonI), ilfered strmI'IIv, anditheir \1&N\: Planting nie.,ltl: illroisphlniinghAugust (wegt 
It irLltV hit-rv 'silsoll), lllId respol Se to 'IlMill roTh.tcLtd tile i 2(0 X 2) (in; furilililm : 1I///0 
()ctoober (a pll in ilg tll)e ass)ci;.Iteod sasollial Ulilio i'l it lor which kg N/I'IK ha 113-split hr N); keruel 
\itht v nI'l h AV tey weIre s _cteti.. )r vighl uIjtim inhI: atIiII). hi iillttlcet \is'ern-tldryingeSeaCrh tTiSC 

a geAeral oAtie )oll-shijitd for 7(0 t si tIsU ,,N ..sllilt is noeded (oi lie inplicationis 5-grai ,IrMnin yieh 
ti'trihiiitioll t \virtt h( ,r I ilaiil grainll .itllitV, milling l()sses, aitld um)(mmenit simil)1ls, hiilh t(ollI) 
Wsightlhv tip 1( I)1mg I)Crkernel, bireakage. l're, iluinai\' rstllts individual wveighiig (Ikuruetl 
4()')Wttlhe nlu.Xiiailweight. II 1324) h rsshoot\ud thait no( ()ill\,s ut6ii 0t balanit,: 0,00 I g). 

tile I0)5St tOlstallt graim \Weight, 

PROJECT 2: GERMPLASM IMPROVEMENT 

)uring the laist several decades, Iice sua!Son-eSl)cilic initial e'lualin , One short-duration selection 
tarnImurs illthe hl ll ave operated ob)servatioinl,. )rliuminiarV yield, (RI 324( -I08-2-2-3 from tile 
within a rigid framework set 1v an d nedd i old nurseries. Philippines) and two nlodiumr-
Piaaslatills. ( JernIm)lsm Illudo Advanced selections were also durainecton sctiolls (I A3)( I'l-o 
availahhe to thell was selected inclded illW\\Rl)Vs C0onliLIOuS Nigeria and I\V293 trono Sri lanka) 
mainly oil the hasis W high vivid salinity trial to determine their were released to tarnlrs in Senegal 
potential and c nstituted a response to soil salinity, and ill in 1994. I,1324( is lparticularly ' 

relatit uVl rrov genetic base. WARI ):\'s mini-rice-garden trial to suited to rice lohlflU-cropping, 
A hn)adUr SlI)roCLirn ()I vari'tis deterlniinu tile photothernmal whereas the tw other selections 
to osidering duraltion constants that govern the shiw a very stal)o alld high yiel 
lpihtot thernial respInse) and 

attaltaltiolh 10 diltreilt lflmliig 
Variahuility' Ot crop duratiol, potential in the wet season. The 

varieties are exloeted to be widely' 
ihetli is would pro vide Sallelia n Varietal selection trials were ad(iI)tud because ()Itheir good 
rice larnie.rs with mr() (l)ti()ns t()r c()nducted at \:AI)A's research grain (uiality, climatic adaptation, 
dilerunit crop(caluldars and tarms at Ndiaye (an arid site and crop durations suited to local 
IIIaiiagunIIelt systeimls. Varieties influntced by the ocean, with cr)))iig systems. 
',shiild h high yilding, toerant or lmderate teiiporatures and a long 
resistll it h1 lllijr hf)itit and ahiotic c.Iid seasol), and [anave in Se negal 
stresses, and have a crop durat ion tan arid inland site with high Identification of stable high
suited to the thWoal crlI)imlg lemperature fluctuations). Plants yielding varieties for the wet 
calendars. lhe demnaml to lrorden %\eregenerally' tra nslflaiIted frni a season 
'utu ll op)tionu' halis iiicruased seedhed at 25 I)AS at 21) x 2(0 cm K. kJizam ad S. Gr;,' 
suli tiall' sinc structural spacing. lach 1l))received 12()kg 
adjustmiti and market N lhaI apl)llied as urea in a triple \We evaluated eight medium
lihiralialtion xWereimIl2ileientud ill split, 1()kg1P ha Ias single dualion and sOven short-duratiol 
moiuist cullltrics ill the Sahel superphosphale and 0) kg K1 hI as entries selected ill1994 from 
hiegiiiinig ili tile mid- 980s. 1.(I. Veoods were c()ntrolled with prelinminary 'ield nurseries after 

In 1994, more than 5)1) new 
propanyl 11) lilurs ha 1),tolh)wod 
by hand weeding at llidilsasoll. 

three yoars oI testing ( 1991-1993), 
for the first time illtwo advanced 

entries recei\'ed lroliIN( ilR and Insect pests and diseases were not yield nurseries at allae ald 
IIRRI were evallted illinitial controlled. The trials at Ndiaye Ndiave. .,iya and hW2 93-2 
evaluation trials, and previously were covered with lishnts to (ieldium duration) and I Kong Pao 
received entries were tested ill plrotect themri fromn bird damage. alld IRI 3240-1)8-2-2-3 (short 

dluration) were Used iaschecks. 
IR1324) was released ill1994 to 

farmers in Senegal because of its 
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SENEGAL RELEASES THREE NEW VARIETIES SELECTED BY WARDA 
K. Al!;zao adi S. )iack 

The Senegal Ministry of Agriculture released three rice varieties in 1994 that were specifically selected by 
WARt)A for irrigated rice environments ill the Sahel. 

Two varieties dominated rice cultivatioll in the Senegal River v'alley and delta during the last fifteen years: 
ja 'a, a mediuili-duratiol ihdica variety, aild I Kong Pao OIIl), a short-duration variety with short bold grain. 
Rice double-cropping, wherever it was practiced, was mostly lhased Ol the alterlating Use of the two 
cut tivars, with jaya grown ill the wet seasoll. Where tiline constraints or the di fficultv of maintaining a pure 
seed hase called for it, short-diration II<P was grownll i holh seasons. 

IKI > and ,\iwu, both selctioins from WAR)A-coordinated trials, Owed thei ado)tiol largely to short
durationl and agronomic rol)tistiness, but tile' w(ere generally, colsidered a seCOiid-I)est choice because of 
Unpopular grain ti')e and quality, the full liheralization of rice markets ald prices in 1994 inl Senegal, 
however, is eX)ected to firtlher increase the demand for varieties that combine slender grails with high 
yield potential, cold tolerance, aild lshort douration. Ill IMauritania, where structural adjUtislment was 
implemented earlier thal ill Senegal, IKI) has already henel r)laced by IR28, a variety with stuperior grain 
quality but with suboptimal agroecological adaptation. 

After a series of onstation trials an1d onfari tests coindcted from 1990 to 1994, 1I13240-108-2-2-3 (short 
duration), and ITA31)6 and 11W293-2 Ilmediumill duration) were selected for their high and stable yields and 
good grain qtiality. These cultivars were selected from INGI-R nurseries through onigoing collaboration with 
IRR, . FO11owihig coilsistlentl) perior perforianc-e ill trials on farmers' fields jointly conlucted with SAFI) 
and ISRA, the cuttivars were releasCd in 1994 by the Senegal Ministry of Agriculture tiLnder the names Sahel 
108 OIR 13240-108-2-2-3), Sahel 201 (BW293-2), and Saliel 9-02 (1'1A316). 

Sa hel 1(8 matures in less than I05 lays tilder direct-seeded culture in the wet season and, as compared to 
other genotypes cultivated il the region or selected by WARI)A, it has the most stable crop durationll across 
seasons. Its droopy palnicles ird erect, dark-green flag leaves hide the grains from the view of birds and 
)ermit Iigh photsyntlihetic rates during grainh filling. The cultivar out-yielded the local check IKI in all 

environments where it was tested, except Uinder severe salinity, to which IKI is better adapted. Sahel 108 is 
ext)ected to be wkIely adopted b) farmers iln Senegal for both double and single rice-cropping systems, 
becauise its yield potential is simiiar to that of the local medin-duration cultivai jaya, despite two to three 
weeks earlier imattiration. 

Sahel 2(01 aid 202 resemble the local check Jaya in duration and yield potential. Sahel 201 (BW293-2), 
however, is more salt tolerant, and Sahel 202 (ITA306) can significantly ouityield J.la tinder favorable 
conditions. Both cultivars are adapted to the wet season and were selected to broaden the genetic spectrum 
available to Sahelian farmers, thereby rendering it less vulnerable to pests and diseases. 

We expect the new varieties, particularly Sahel 108, to contribute signlificantly to the adoption of rice-rice 
and other rice-based double-cropping systems in the Senegal River valley and delta. 
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I ath high-
stialilitv in hotti tlit, wt and h1)1- yielding stable varieties for the I1,39422-75-3-3-3-2 matured il 11 ) 

dr\ st.ilsols. I-h\V'2),-2, wlich was hot-dry season days and had,lat Ieast is nLchiCyi21d 

SVllIritl Vit ttlt nti ld 	 Identification of new example, I139357-133-3-2-2-2 and 

thint, K. .i(tl . (;ill a11K, 

lltlicHlalv %uill atllptuCd to tIhu'
 

r'ilu'Casd at the samlI' is 	 Vllh.0 ,IS which nmatured in 134 da\'s. 

wet s1't01'. Ft tit ' thirtl c(nlsciC tivC \V wl , Ie\' iea tii'i , arie tites With a
 
t'stet a Set O eight si lrt-ihLnr nlu(c slortr tiraJtioll itilt ViuitS
tinlnlh1t i 


.\t I:nllt\t, tilt' ligist't siltl iit' eCntrius WlclCI fl1or th' ilot-tr\'Vsimlilar to the local lo-trv-scasOl
 
lllt'tiIutlll-tiilaltill g[tlt) WIt, slt'ail ill atlVallct-siuitt llnrSuriCS Check, we, will s()ol he abil' t
 
olattiint'tie il (8.5 	 at ialia\ ant Itcau ,seof illerls Wit%0hi(80-2 t hla i), 	 Nlia\',. i)roVitiC' Iv O)tiOllS 
I'1A234 17.8- I ha 1i, 1112542547 iW Higlt tICulilt'railrus, !1t' COti I)  lnt'r til)llt'-t(tOjlI)iIg. The' 
7.7 th1), iaintld I 1232 (7.o I haI, ttlatill is 210 to isttvs longer ill rt'latiVCt lOW viCtlls ill the ilot-ir
 

,as ctlh iLt'tl It 7.() t haI a t 7.- fl ilt -thrv st'a illt l ilt' wt ,t'at(oll rt' l prlai llemt)atic,
 

Ila 1 hor htw2)3-2 iiit lava. Ilt, stasoll. I Konlg t'at) I11K) wIas nt't i lOwLvt'r l, it'vart' Cit' ht a nnUnher 
ISI )", wasi 1.5 t hi as th, cIlt'ck. of euliVirlir itlilhll Constraints, sollie 

of Wiicil have, ht'C'n stntlii (e.g., 
,\1s atltia t,, t \ ,(lritS ill (lit' ()ur r.11' it cti lfrlnt'ti l Hilt'i lC)t'i r chilllng rt'sulhtilg il potn cropl 
shI Ir-tluralii)l g Oilu1), 7 i WO-rlirlllaIitt, Ot 11221)7- 14-2-1, t'stahhiSInnullt, l0or It'al are,a1l2 1(17-
3-2-2 . I ha itl tlt1IS'S l-())-2- idientifiCt as aiol-tir-suaCIS growth, ant stulilgit), alti sOlllt' of 
3-2-1 (7.2 t ha , li')rltCL al ICast vrit'v with d1l a'elatg Vielti Of 5.0 which call 1oi Iurilher rt'stC'ar-Ch (e.g., 
ls W'tll lsl 132-1)- 1)8-2-2-3 (7.() t Ila icOnpetil, to 5. I t ha Ifor atlos)heric droughlt). New' 
IhaI. lit, traet \'ithilr lt Iht' ocat ciht,ck IKI). IP.5(, R1I3241)- cltiVi'arS %\'ilth lrt JV)uilnisiilg vt'ild 
total sl(hlrt-tIlurlion ch'ck I IKo g 1(8-2-2-3, 11.3957-t133-3-2-2-2, and I)tCntial, which wt'rC testeti ill 
iat) was ().7 t hIa 1. th I.Sl)t.. was 113 1785-58-1-2-3-3 ialso [prt'iitliinalry yitld lurseries in 1994, 
(.5 t hIla . Ieultsi al Ndiavt' significanll' ont-viCiCtl IIKB al have low huIen selectti for 
shwte ct sillilirli rtlli , hllt I:anve (P < I.05), I)Nt s ViCIt l 1995.i difICretc, atVil'ncCd llSeriC's in 
titttRllt S aliolIg lllittliiIS \V'lC, wtrt, not significant al Ndiavt. The The hest of the preseni)' tliescribeti 
lot si liti t,. nlail ativailtagt' of these sulcl ions naterials will be testetd in 

over IlKP, IIwe\V'Tr, wis tilCir Ililtiocatiollal anti onfarln trials. 
()Ill Irslts iItitlt' h il bit'st- siglificantly shorter thuration. For 

t'htIrlltin sll olt-tlLatitll
 
Wtle'clionis ( I M(- 112 LhiVS, Itll(LT'
 

tri I 1llit'tl tt )ldiiill ) g'V't 	 Rice species, cultivars, and breeding lines are carefully packaged for storage or shipment to 
national partners, who use them in their breeding programs or test them for performance under,aheilult't'i l ll tIsv t'iu s ti therrtconditions. 

nlIL'diuinII-dlurMlioinll, CII'kS (120- 130 
!tLl.VS,), W hith 'l Alls 1II CI'lln, 

hli~ll-Vio.'hdling nllillc'ri,ilS. Ih (u gII<4 	 .... ... :. , 

l tlial andwillJ li-1 irrigat io \wicli> 	 "+.t':, 
U ' ; ,7 w (Iil l t hll iC'iii ( llll vftc,r i (C~T''a'7,:t'. 

lt' itt il' iddlt )tll~r~illl. l 't' 	 _ -,.f 

I I I I t ( - JtI)if I tC i t I , iI thii t u 	 _ .dIt::7; t ' 

il I c , 1I( \it'ld ' o\i'l l . 10',;. •M 


S•(%W 110 I I.I S M k li l l~	 ,I 

'ilulil IV1C t ) i t n~ ita 	 . .'11I)l- if V ) hef ' 0-1 
In1 IIIU 112C I, I wCilSC.Ill i\t ii C S h~\''t'r 

I1R1.3240)-10~8-2-2'3, 11.-\306)€, ant(i
 
lI\V293.-2...,5 . ,. fl .;
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A varietal catalogue for irrigated duplicate testing of genotypes in 

rice in the sahel tIle region. 

I .1 mh, .\W.I)i dmkihp,anid K. \liticln 

Following the recommendation ot* 
'h I 9)4 annual meeting of the the Salel Task [orce, We developed 
Sahel Irrigated Rice lhmsk Iknrce a varietal catalogue Consisting of a 
Rleftitied the ick 01i a regional svstemn of interlinked datalblses 
data pool ()n varietal plerformance (Figure 25). The heart of this 
in ditIerent Saieliai UIIV n t)IIlIIS systelll is data ()n all entries anl 
as, a mapr c)oI ,Straint to V'rietal their history in WAIZ )As varietll 
iil)rovemnlt in the Salel. They ilprov\ement pro)jeet..\nothur 
deCided to inlstall a germp)lasm database Contains information in 
datalalse anod a Seed l)00at varietal performanceu at NAIZS sites. 
\VA..l)A/Siliel, open to all NARS The maill database Consists of 

and ha1rtncr institutsU, to avoid detailed illormltioll on1 i Subset of' 

FI(GU IR25: Varietal catalogue and seedpool for irrigated 

rice in the Sahel. 
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z 

*STORAGE * QUERIES 
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Lii- U _i
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entries that are eitlier ahIread\ 
cultivated in the legioll or have 
jprovell dal)tation to one or more 
en\'ironlemntS in the Sahel. This 
eatalogue of adValCed acCCssiolS 
inelides ecophVsiologieal and 

agronomic varietal l)u)Iiles, 
eonsiSting of detailed info0rmation 
on agr() u(l ic traits; grain 
properties; toleranee to Climatic, 
soil-related, aMid ,Olll(! hiotic 
stresses; adaptation to 

transplanting and/or direct
seeding; release to and adoption IW 
farmers; and more. The ciatalogue 
willIle continuously updated and 

call draw ol smlpl)leniielltarv
intormation datab~ases l and II. Tlhe
three datablases l hw ni ut icrit eria 

varital searches, or queries that 

can Ie cofmlpild into a variety 
characterization sieet. 

We ha\'e ahlso interfaced the varietal 

catalogue with \,\dI)A's seed-base 
invelltoFv svstelll which is used to 

oulstatioll seed 
multiplication and stock-keeping. 
The seed base serves the 

eX lei mental seed requirements of 

\VAII)\ aMid our NARS lartliers. 

database s\steml permits close 

monitoring of varietal performance 
in the Sahel and also provides
informnation oin the distribution 

MLand adoptiun OtInew varieties in 

region. The program will be 
fully operational ill 1995. 
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.ffects of season oi varietal 
responses to soil salinity 
!. .A>l/ ,ol \l. I )iilkuilm 

As earls' ais IO99 2 \%V rl(i)otedl trial 
results illdicitillg that Varietal 
reslomses I() .,alillitv dittereti 
iaiirkt.dv ltween the \sian-

I i()lS(O lal anldit hle Sillclal 
e 'ilirollicii lls. Ill I00-1 wu 
inltellsilitd Mi stlud\' (fI h()V 
seSoll afltct's varietalI)atterns oIf 

sail ltrill t'ill tilt, ah l 

Wt ttStL'd 41 enulIi\ars ill \VAI )A's 

cOitinltiots sliiilt' trial at Ndlia\'c 

ill ill ]Cast ()utl d V aIm . (niI tWO 


SiI" ,II. Va ictiLs \w CC classified 

;ittIrldillg icld ItUtlteloll (YR) 

reliVt'eto tRSliwatCI' 0iit)tllls. 

Ill tilt' hot- rt , tilt' 

IIl iii iii~di i ,isId r ct i)ll was 


3 1"(,, whcrtcs ill 0t Wet st'aS(i 


it was 4 I tolerant check 
IR403)i-22-2). MIaximuml YR was 
similar ill htlh ,,tasols, 8SO and 
83 fo0 tilt suscTptihle, check 
IR3 1785-58-1 -2-3-3. 

Ville~ties \t'l( clisili(d as 
steStcli)tilC (YR -- 0011, illeratel 
,tSCe)tiltle (5 I-h()'i I, lli)tI.rilv 
toheiiit 4 I-5(",,, (o ti)[ltailt (0-
-1'11,). Varieies etre fIurtltr 
grijuetil tCordiing 0) tilt' S',cI()l-
SWI/t iLt'il.V (df YR,, (11'Mlll) I (l H 

t-ltlt'i- s) shlivs'ilig i) sea"oll ,lldec 
t1 \'lR, ( i'nI ) t1I t tilt rl'it), 
Showing a1slightly ,ti)lgtr YR ill 
t'i d '\ s il,(l, rollp Ill (lillu 
Clllr lit's) l iiil) ral' 
tl() igt'r YR ill li tlrv stasOll, aid 

G lI ) I\ King orIT(4 tltries IL'il 
hIll twsict as sIi t'hit)i c ill lilt'idry 

WedSo)ii ls ill tilt' Wtt S sOll dtails 
(i maginitude iiits ill Iable 24). 

(I.roap I g eI)VS fromnot rangeL 
highly Suisceptible t( tlerant lypes 
bill sh)wed little intclactioll with 
tlhe seasonal cliIAt,. rhis giolijp 
inclde' Ilitw hulk (o sh(irt-duratiln 
varieties gro(wli illnorselcte'd tor 
lIt li)t-drV sdSoll, ilitltliullg I 
l'ig Pilo, SIl')21- -33, Aiwtl, id 
lI l<N 8 (hlcil c ti lt ittcd); 
11It.3241-1(8-2-2-3 IL'le ,ed ill 
I 9-I); iinlSd). I1I1785-58-1-2-3
.1 all2722--t0-A-2-A currHlyv 
llliderZg(liflg ()ilill'ill Icqss). U,\v 

t()iitr'ist, liollt I tilt, (jlr i p Ill 
nlid IV cutntics bas fsolarqualified 

1oi' talirill teLstiig, aM d t)ll\' (1li 
Itr'V ([ 28) is gri V oil i la1all 

st';li b\v tiil'llielS, Ir its lirltictilar 
graihl clhil'acli''istics. 

AlAIIII. 24: Varietal responses to salinity by season. 

Season elfects expressed as dkcrease of yield reduction froml hot-dry season to wet season 

YR(\S) >0.8 YR(IIl)S) 
tolerantce Class 

Variety groip I IllDS WS 

R 3 1785-58-1-2- 1- 1 S S 
lk S( NIS sIS 
11\, -It)-I iS NIS 
I IA 230X NIS NIS 
KII l18 iS Ms 
IM 201-2 NIS MS 

.IVIT \ F 
Ht 29725--i0- 1-2-3 NI N.F 

i'- \lllMT MI 
Ik 52718-211-0-21t- I- I NIL NIL 
Il 1324(-1i8-2-2-3 NIl NiS 
I ()lig it ) "' 

I.k.II T T 

0.6 YR(III)S) < YI(\VS) <0.8 YR(II)S) 
tolerance class 

Variety groupi 11 lIDS WS 

IA 30,m S NIS 
S-1-19-1-28 S .,IS 
IA.-A S iS 
IK9884-54-3-I1I.-P S MT 

Ik uM S NFL 
IR 3941-8o-2-2-I 

II 31851 -%ic-2-3-2-I 
32 Nuati St 
[I, 29092-117-1-2 
Ii 2210)7-14-2-1 
II 29725-7o-3--2 
[I -14058-81 -- 3- H 
I,5322-1N-INS- I -I I 
IOS I1(H 
IR ,4 

YR = 'ietM rtductlion; 111)S hot-dry st'oisiiii; W\\ = Wet stsIOlI; S : 
XIS = iiiiotralte ISiCtl)til)l I'YR = S l -OUii;,; NIL = iii(dt, rale (lli 

S MF 

NIS 
XIS 
NIS 
NIS 

IS 

NI 
I 
F 
I 
I 

NIS I 
NIrS T 
NrI LIAT 
F' I 

sustteltlle iOT > hi); 
lt ItYR = 4 1 -5 ';,); I 

0.4 )'lR(II)S) < YR(\S) <0.6 YR(Ill)S) 
tolerance class 

Variely group Ill Il)S WS 

II 4422-1)8-3-o- 1 
IR 9704-40-2-2 

RAt 2I(14-u-u)-2-1-3 
I 28 

S 
S 
S 
S 

NF 
NIT 
NITF 
TF 

II 55237-11-3-2 
INA\ J-78-9. 

S 
S 

T 
TI' 

IR 32420.47-3-2-2 
(.5.. I 
I, 4(331)-I1MI-2-2-1-3 

MT 
T 

TI 

T 
T 

Variety g r o u p I VIIV; rktyg~n~p V SII)S " \\." 

222 
1"'Io271) 

IR42 
Ht 403()-22-2 

S 
S 
S 

NT 

T 
TI 
T 

T 

= toleriiit (YR < 41) 

http:iaiirkt.dv
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th 'itrIic I r ikrLict' (litlC t i i 

ii tit I tilt' t tIIII i lIli tiltI \ 

,Ilit 'll c Il"c tk''tIiti't 	 -)[I'll,; . . .oI, 'Ii! Ia 	 t maitcit tur ......,.i I t I '2t hr II< Ii p 	 tr llus 
I'll\ ltl l -1t hl)I I\\ It l t' 	 i11 

lss ILa IICI lt111I eiltl t Ii'Wt 	 str.IdsI s11d. 
Illt2 itI itt 	Citl iiih It ill 'itt'1 1d 

It'I/OC I'lltl(i )Itt[Iit I tie tIli~t, tf, " .' rIntIII)ltl~~l\IllI ) I'Wlk.CI Il Li: w)I Iltil i-illIit 	 . Oli tIi ou it( hIi ric 

I I tl l l i( lIqI I lI\v 	 .,t
 

I ,11 IIil-1, 	 t11 I I I t (T ( 1hl Clmlt)i~ cc nc~ns(,,l l~ ; h lll/T'ft,t tCI/: l~ l gh nh rAl 	 tierc
t t IItt ptk It itItlilt I l I 	 ( I I htl 

i <

clttures th tisilt, tot0 tolto/l,10CO to ,J9j .lke S '1l/Vcapt/ants or theyu 3st 	 coflchtlon 


I rit I I t, U, i \Iiil\, ( 2ng 

fill40.45 ,
lltt I\ h CIt, ii 	 5 C' 6tIt'. i Il I hl it i l 

(it il illii i l iit.i w illbe3 

t'tit It caP)ii t i6: FI(iiIii ii)er'orlllcl f'ir lnes eted froml KP callu.s 

TiSile.i with sail(raln).that had lbeen sirred 


I,Il iIIhi l litIic. t iii,III i iu ilt u y
 
,ueeuerIc IruI I It-stessIed t1hiA 111 11tlltllIIh Cl\;ltlv ttitO
 

rc Itilt iit 	it i I , t I ') rilld G 2 i t nI 
Ill'ti lil i- iti y i4n i 

~it n i 	 TiC <hit 	 riiia ic 1 efmnetdrii35-40 

rtlneratei dlroii salt-itr ittdI 20o30-35.7 

1. lu . lu u W A .O 111Sf 1, ll" 	 -i 

";licllllht i lr t ' IiIIIIIIV 	 < 25 } t 

,

ll~ll;i~ cli l lig il
it~lltt'Illt s, l g'.J.
 

stclc'tti\ ctIlik t f) ,dll h\" thec i-(l))ij 1.00 
h I li,SIL-i-A t-lt(l'~i~ ' ( )ilrI' log reellI<l',t 	 KiNa ratio (reel 

()i ivtC ld IR31785(it= 0.92)' 

t~I1lp)IrI( i i14 lii ( atl~ l w , IKong Pao (r 0 

m illkll t'htL- tliptakt--l 	 a 

)1 \;its< 0961" 

IMlt' It'd~tcIll il lt i IVt')( F IR ,46301r 081 )L'Jillit'l l'l' 


]00 1, '0)gl 	 Group 1 NaCl at all stages 

* (TS-1) !below-averai~le ,ield salinityperfor rtnce uni'der 
< 


k tilltd JTSI) ahtovo-aiv( p)erformll1in1ce 

icvgcllC~iw(0I [',io Group 2 NaCl only at callogenesis 

d;tlMt ctiItlrIVc'WI ctI ioll, 	 a raw! vit'd uoder salinity 

i llm 1 kI,-)l OI ')ricc' 

%VIVt t( I t (.- l lilt' ( M 1lh(fliC Under salinitydt'{ JTS13)helow--jvoraije yield porlormaniC. 


I i v tilv ( 1(imI v i .t I.t Vllill1 JS1.51 under salinity
i ,l I abovce-avpraiqe yieldrperforlomance 

]lk-],iunil.h()IISS, , IIH vtic'iariationl 

http:fill40.45
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IAIII. 25: Grain 'iMldoffselected rice varieties in vario% problel soils inthe SaMe. I: non-saline, 
moderately alkaline (Ninon, Mali); I1:saline, highly alkaline (Niono); Ill: iotl-aline, neutral (Ndiaye, 
Senegal): IV: highly saline, neutral (Ndiaye. All data given in g In -2 . 
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PROJECT 3: DEVELOPMENT OF SUSTAINABLE CROPPING SYSTEMS 

Iilc mippingl s\'lt'l llS LtnviIrtttltlttill tult . I ittls t(lltpltlltllltresealch \within lt Saihl itl tis anll 
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5y11tt Ilh its Alsi( iisil ati ItvLltll, 'NC hIal to levels. lackagcs will OullistlO 
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FGUIGI" 28: lfteci !!six diffierent fertilizer regimes on grain yield atVARI)A's Ndiaye farm. Ilighest yields were generally obtained at T2, 

tile olficially recommmdud rate, in the wet season. 

,,twtvi ceight rilld 11) ltld Mk l: HIh,wL1li1M .aSt,.,iliv tlial dt 
rulawirecd Lor1stilt lrtr t ' \dinv \'s uirldritOd ()It dl acid (pII
ti\v lrIo, nr irlI N. rrrilal) S.3) (1v Soil k\ith tIrv. 3 ' , r '.d)M1 I 1W II,() LP". 
total N (OtrlI t ()t tl ' toI),,Wil Wd'S silt, 1itd 22"', SIld in OIL' h)pl ,il M-2) 
0).0)1' , 1t d vil ,,tL .. 111). \ 1Lr tINi \\',IS It (J. 8L)Ill. 

Sl]h 1 -t- , l iti l I IL, Id nl,..,dillill-

I I u S I, that lli. sitV A lhrtiol I,1%,,\VLr d in till'
 

Ldiak v, k WI "l SCl'itdtivL! ()I l 1,11 , 


rW 	 HlIMos Ill,l)IMIttl 

riiL( ht-lrv N,(,, 111 11W WO 

lairg, irrigitioll ',hlCuHn ilntitI SLIMIr) Iuhs. I t riral hid a 
SUIIC'lgil l Riji'r dlti, iS Ii) L WithtIol rhlIilu i/il llflCt1hh~ k LILS'igil 

Iavailal)l 1)loridtr 

iritLrt IviV ' ItliVittioii. I 21 , 12))iI (,t), 1095),' 

rapi1)id L luL'tioll o IC -t FiJ,iiLtits lltl \l'l\ trtrlc i t', )/)/), 

hr !.Sa 11/11),
 
isil il \vSiS ll0 C1 ltlMI'c o llr /hl),rr, nIa /180l/l))kg ]i
11111 Will I t 

Ir rrth'L I l\c Silt ill hlet ScLll 
nMidlIIIu \lLA\.. 1B(1)IC,.\lIurinctl s 
will IKc ,mitiil'dlilLl (irdcLrhr tilloiw 
soil fcrtilitv ji)araiLt('r throrlgh a 
longcr tic,riod. 
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OVERVIEW 

ol iuill,- (andunS)il ,r alt h C llicatills 

a(i ti ,Ln-t rat d etSOt inIj Iijii intII I1I4 L1 n organiziIg the la of fiV(e group training courses S,)ecifliod the 

I 'NI )l -,ilp Irt,1dI n)nm1111niLeaItio)II , aLI tra iling lProject. In adlition, IIree con) It entltary ci( Ir'o were 
mrI IIi/(-(I%\ItIII III IIk I (III I tiS tOtl () I Io o re 111(tIrinI g IhI 0 .m theI icim rt, mking a o ight du)II yearV 

( ]h~iiiioi ill) o,,i Lr (( ( 11 enter's ill SIIh- ,thirii .\lti wai( iit ,ikt d, inilt sulpport ()I(.\ ,1ttl t to 
(1)tlilli/c Illc i w ()I lIm dS ,11)IMhm liti,. , ,,vithill ilitL,.'tith l l LCIII(TI"-, ,ld. I() ml inliml ize_(11I)li,.dtio l ()I trlilliln 

Cht 'tSill tOIL '-S\Stv l. I liiltl. SI i1cv .il eiill'ti ',e tiaiilil) acti',itis . i.' ,Stathlii .I w,'ith ItRAtI in Nair()bi, 
I( RI",.\I sali liiii I eiitr., iam ,,, 1t\1t ill N i,aii.e5, ai1( Rid ill the ItiI]il)piiL". 

Ide t io )I triidillii' iMrtiL ilill Ii iutire]Q-I4 1sI ioii lll' cAtCIRLI~ to) 5ib-SANhIiii'iiite LoillItric. Otitsjde 
W-illi'ri11 , ( tilL \V\Rt).\ stlLto eithiig tri'ililig iIi't,t lits r h)ml, thiopia, .tMa(L gas.ar, and !.r"uitmti 

-IluiLt iaiiin, Lotli k it V.RI). 

Ih(' SL, Ildt in Il, erieS, t \V.\I t ).\i\N t trdiiing Siiiinirs \\as irganizc-d ill Mtay 1004. tt i()mglit togCtLer 
A.\tS (tilk ttI)iS and tiilin I ( i,distS Iruiui iatioiil )diig ilS, ds, W ll a' f )nil ()ther ( (l.t.\l centlrs alld 

iilteii tiu IAI I IL i -SLh(), LiSLIISS tl ilillMi ar.Id ) I).it'hriiian/cr' ill ri'e S,i iILL \\',il t .\tiic i. 

.\ highlight ot the diviSiuiis, ,ktiVitiL") tHe ()tigiiIiii () IiIL , iiWas illg a .tLin(raidtui t! ,tdLr with ( AA during the 
ViSit o t lh irhLtor 0 (.)1 Il tIhe' (uI txlt ()I thiS inilelola.llill,OW, I )..\ssiiiinoii\Mld, ill earls' 19)4. iotlahorative 

trdnin ai l iiiiliiliiii(i tiiiis aLti\ Il LSt, lt A Vr' iilIte ilid Lltii lit e v1Cal.n \V\RI).\ nL id I i 

1i I)il'(hlot I raillillg , I (1 IlllllllliiitioIIS atiitc 't t l ti'ii ()t t L' Iiiter-( :eIitLr Irai inig (irump ill 
I ituiiigwc, .Malawi, tre W.\ltl).\ play d a Iadiiig role, ill the id('ltitiLatiiiii ()i thL' el-iit'H S01 i ilectihaniisil for 
the ,tdhIsliSIMIi illt,t tr , it this lllitiiig t projectt ()I in l e training pr ill. ItLisiolns WUer iiNide' lirelare) a 


tII)1Ilu e1t tor a1 inter-cL'nter tl'aiiil ),0JII fir ( (il.Al ttIcenters ill sn -Sailh all Africa.
 

\'\RI)As iraininlg aiIL cnImuInicatio'i aLi\vitic, cuintinui ,l to t1e sLp)I)rteLI with tImids trmi NI)I1, II)R(, CIA, 
and II.S. 

http:i,aii.e5
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SUMMARIES OF TRAINING ACTIVITIES 
. 11tll~l. 010u('01ku',. l,,lsllllc 0 i'llbi. (.1 cikh ! ) 

TRAINING ACTVITIES ItL 

(rotip ltech niail training 
'
 

Ih .i i llIlilig tl..: P 

ld,
lt.,lli/A 'd %\ill fI 11 11it'N I 

I \) C rLI t, I ~ C Il uIi I t I t IIf t 

Ii it r i ,llI l ilt ll, ,ad
 

IItIt iIit,tl . ii IrI, l t 1t 11d
it trL 

I Itel Ilit I iI t I ill r n ere,1l ti 


I Riit,t.l Iiil ) I t h , l 
r 


I\VIIr nI IIl ii Lt , I ttII I I' I 

.'l d llld I V1I,( I I t i I tl I(it 11 ht1 t t 

I,, II I - ,I ht h 1' 0 " o'l Iinar[as It 'aaJro 0 Crop Rieac a)nttIe Iem/11ttarI e' DJhna th 
[,I 1i , ti Il i nI li )It I i itI itI 

irhIe U. h11 Ilel k tl illi. ti i iit'llit

N I I at~l'11 'Itl tS if g IENtiii Iae TA sof rerrraetrn r eerhdt 

rdgnA(AMrSeth Ohemng-t ontheCrop Research Instute, Kunisi.Ghana. as a regular
th i 
illd I ti(An'1 sgrou . s rCetns analy tss.\l R\ I ). LC'1 rl resource person atWAlDA r con rputer app and statistcal

,tI lhut"W lII111ll It. iL'S ) , (n agriculturalresearch the scipen instructs in the use ofti\ilt tOl I Here Mr Oheneng-Dapaaih(pointing,it
.\ ri)2l i tre clultinsehconteitiI X, t flIhitiOiJ;i;Ci rann f 

rdtelrh o(lll1I\(i',llt mi t GENSTATsottware if,themanagoment ofresearch data
 

tIncilla Iriti nlth it i dUd il 
,
i (en trn>ii,,etl nla took this Cielrw in lrdill, Sl_'l L , '11)[C tillI 

1l)1)2, file course content wvas Oil h dIS-Onl prIctical trainling ill 

redesigned With ttraindditiol ile inanageIu.l of their research 
(omltater app lications and FINSI..T to t,sttisical software data whicllev brought to tie
 
statistical analysis inagrictltural handld during tie ,ou. cour.. The resource persons for
 
research 

IncHlabora lp with I( eroIS.nIt 
Sahelime(oentmrNianteo,tht 

trrillinac lnin illcOtIalatlose 
aplplicati()l,, 1111LS,,tistiCJIa al s' 

ill ilgli(tilt l ",'+l" '(, litll'i'I 'L , 

orgaii/o. illFIrcih 101 14 N.\US 

COLmntrie0.. Ill ldditionl, 3 \V:\I,)\ <; 

resea rdh Ia,',i'.lta.,',wereliittn l.t adm Ied 

tlhJ', ,SL. Oil Mr. d. 
exlperivilCU Milld I was aresourcenth 
Jillt) ~Ll',.,,l-il'.ld thle Bentest, from 

lecudba:ck O~f rsnCRAF 

development of the 
t z trainingmaterials course. 

http:l-il'.ld
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,/.ITh * 26: (ountry distril)ution of trainingi arlic ipl)iIt at WAR)A' 
group training course% in 1994. 

(iounlry lraining tou rs cs 

(LAppi 'IMat RHgr (.Prt \7Irg..\lgt (11U (I)ROM SW Ig 

hI'ilin 2 2 2 1 4 

hmrkini Faso 2 1 I 2 2 I 2 3 

h l l 2 I 1 1 2 4 

1tr~ 2 2 

t c Lm''l\()irL' 3 3 4 3 

I thiopia - - - - - I 
~i ~ - - - -- 1 -

(aijuti~l - - 2 1 - -

&liiu~i - 3 2 -I 2 

Iitlilta I I -11, 

ctna B i Sauu I 1 2 2 2 2 - -

I w() - - -

I ii -- - -i 

\I,iklt acar - - - 1 

Mtli 1 2 - 22 3 

\ llitiaii;i 2 - - ] I 

N i.'ir 1 1 1 1 4 - I 

N ig ria - 3 2 6 1 

S-IIgal - 3 4 - 2 

iirra I co c 2 2 1 1 

l 1 2 2 2 1 1 

VA.II)A- - - - - -

Totals 17 20 19 24 21 9 13 35 

TOTAL 158 

Kev 
p1pl su n ir \Iu)l tl io11S ilnt Sitlktil .\nalvsis it Agricultural Research 

Itat\tlil = I' t liiii'ii (t1 ri ii.ig Mat rials 
R.\gr , iLL \,igii)llV llailnal 

t Iiirt - tii1,ilt (.[()I)I 'tr()Ittiot iii iiei 

\Vlig 4 h)r Ricu trotuition= \\<itl auiti h iaiit iii Mtilititut tii 
( ji.I + = ti~W O It' \.Iilklli,ltl l i Iti iill iolli OfIRiot' 

(. )t(t NI I i ()I( I)- t)ti i lhIL \iilmigu ni t (A .\griit tLit iIntornmalion 
\\tgS4 €,it'iltitil \Vriting )r .\gir itul uritl Kisiri h tiL Wiii t, 

t hi, Iw i t ii liclil I)r. I 

Stilni Iiiil It RIS.\i iMi. SI.I 
]'lt'."++t',I Il nt wlit'l l, ;It lo p"II 

training ! aitrials 

Bl Wd liii tI I , , l illrCl iWnC( gd,,inCi 

)l'.,iii/i' iil I i i', tInS i& luir 
Ill I\'. l t, t)',W,I PW \l 

assk tillnk ()1,I tlailil" Ill' riakl 

li\i hf i ,li itlit. Ii. I 
k\artiui k\ h() i()I-ii t lIIC kIi\Ikiiii
foH (lt i ,.',I.I, l tI ill f bIlit \, III l 

illiN/d tho' IulIIIiiI X Mint hWA-

Coit I)HIil Mi l (Iii 'WILii IC( ll iililll 
m at rial'+,. Ni1.I'm Ic llwiu'X, lllii g 

'-I( i Ai I )III I(R \ , IIi) 

a stt il I L'( l ' (11 1I~ini uIii r tI II 
,

I r v-,,Ir-% , sci', \\hi h \vd'.('!k m 

oii, lt, 

K\\aiiII\a, iM L\Id. It \Vh 

13 1 
Coui'W ill I ruin I1aid II lilII, W\ith 
V'r' itij t 'qiilt iuiiiX 

II I 

A,g Itl (\ I l i lt rill i((\'ji ld, 
iItC, t tijh()11. II h I rtIn lI 

considerahl' O giii 'I ul It ir 
this couinr . Ihli triliil g
 
liII' ti]i ),llllS \VL-I'T I I IIIC'II 1ll , !+'lilt'
 

Ioartt , whidt Ir II Iiiuii Iitd liXV\ioiult. \vhiich i', thu largu't tuiiale' 
particip)atih uc'hr ruuoriutd ill 

\I)A giiip trijilig 

At thu i-nd ut tht trailli g u ri 
lparctiCil)atX ,, uViatuMd tIh itH"iC i, 
highly succc"'iul; ( . iilai\i()i 

rllhiarkut that t. ciIs had 
CTnahII h, r to i( i tivu v J)ai 

f r titI rCuiiih (iIt ll ()I'jihIt)tl aild 
culturallv iuhtviit tralit rig 
nIatelia.]S for L\'oMLtii if tC illL -/rsill 
112" .OIItltl'V. I hiC tiXt ()t a t'aillilIg 

\as acI u iu() huS tiu'ldiuC l 
t CstCl iil g this C)Ill,. FIhiisCd 

nalit will hi uihltisliit' in I995.
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Rice ilgroinoil y pests aind eStililt ll , tt li,1age ill 

thu ield ; tOhe id'ntititatin oil 
( ' ir~t ml~ li/ d lilt ~'"1111W lh cic il i tL,< l ,>SiLt,\.\ rite' agrni i lllV .i ItIj tIi Iii llla(lr reitc pt s a, ti dii awsts m id A

st thi] a ';.t (llir i lc t d t hei t, l lili t ( di n ts 

\gilm hllit Ri t tlltIlli CS (d 1 ii; I pests:at'ila I IR\) at i it' 


( 1111CiW. ,whelnls i 1 l i 's A Liti te S
ii l t c'i , ,< , n ll I lt l l inlg n ll )I t "T 
it \ IS taught in i lil ' c¢mlrko, hill %%ith ililhUt M illt ruc; i hhlgicil c nltrol illl c> ilil(crgltcd pc'sl Ilh11,clll ll 'l;dllI r.oW J S' 1t , I ll/' l U . , Alt \ V\A Id) .\ " I , 1 1 1lwt S fwti.' p l i o l " ( d i t( (' 1 I S , ,' . - - , 

ti ilil l, t tC ltt ill l dk('i, Ililt 1 il Irtit ip' -M the lntrul. itS 

tlIll t(l l li)i tS(it1l t l \ i iitt ll 'l L"Wiltt 1 Li ' ( t IdI MCI S' Dr J cotb Kil/n,' toctotfRf ch' t ,. I SLtSh ltits Ill D oase it //At/ S 
, Llnhla , folso Son the tv tor fl(II)I litiiJ)ii[tS I I l illi t' l111tr t' )'I, lI H() i tI iC eCstS tI Ihe ir 1 tv I iut t 

d t It ) 11 1 k -1 t'dh I d i 1 t II ) ll ( ) \ k I t I HL S I Irm/l I:linIf f ,'l C O rs tllM.ia w 
, 

C l~~~~~~~~~~~~~d 1 If In(II -i k' I, A 

L ltit 't I i t l ltf IIill I ulI I i t1li4l I ill c I IIlit SCS1 11i ll t.\ tug u t k I2, I1 1)4 . i i\ 'l I eitl t tli si,iutIl i ss",Ihi l. I lI te 

drAlt (d <I l litii i'iC lid dh 
raiilliig i,11i11ti1 ()It ilt' lWlCtLI tdIth(ll(V. hC I'J()4 ColltlrS' \\V;.1S 

tintegrated crop miianqgVliti'lt 1t]itt' pestS \w'as oigatilitti iill c(lliaillIrtioll Wsiti 

proutctioi in rice testCtditIlirill Illis t(lMiSt, With a IlXII, ( moiiu Sri Lainka, aniv ie w v to ipu li~h i nig it ill IM S. W i th ' IIHIC I h S tlal illH\ d 

I his hiiligtg l irt clh aill l Egl isih ''i t , Nigcr, iS w C l as it 
t l iuiiti I-l tin iig irSIl inlo a l lig r li , IN R .AN . [o r th is 

mp lili/ctl at \V\I )'S trliling Water and irrigation ontL WARt I \1'As leISItd to 
tcitt' t .\til.l st I. to Ialnagemlelt' (! rice production Obltaill t cXjl)it'r ii)titS(o i)I . 
Sptic n flu r ) 1Q)4. Iher w ere 24 lacoh Kijit II I! Ilirt'Sor otImliriij)hinl I(Illll 12 \V.\DA. I:01Molh) g1,StCLTSIIIC (t )il I )~lt it M R l dl'a , dldc DF. ( harIC'S 

iicililter cILtlltliLri . I )ilinlg thiS w ith 1i1i , IU likiilai iso, ili .\hCrithI , ITcIiii ail .\dVise r to 
t lli t,. s( llt pUactical jl)cOS it ll i)/ing (it (ilrse ill 1I1I , w hitl Si tutid Wsi tit c Lrs 
Jiitegratel JIeSt i iigtltnt ()tlcgaidi lgoti ill i)Q 2, it was cl sgii a ltl aS r' itellC itrSi s 
j)ittice c i( tt ciCl ,i ltiiln. CrtStlL c iitd Nl int siut atte ,tilr nti toIiSigiie dill Ig the t riiililg cou rse 
I Iest iliciutCIi SiiipliIi iii ricC Il l r it'aVit to tihe target Niamte'. [his lirtiIl r c(nsolidilCd 

lhe \VARID)A/II NI llter-centltr 
COlaltoalinl in tlriniling ilt lted 

j 

iIIll 92. 

Itl;;VA p 

i\ Dr. M. Becker, 

V 
a WARDA research
scientist, conducts 
a field practical/in the 

"Z. 
. 

design o'f iice 
agronomy trials. 
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COMPLEMENTARY GROUP 
TRAINING COURSES 

u tiIit ino ice II . .tilI it 

ISISiSli, iai Its 1) I\i*\D.\IHR 

ins Okw IL:llt\\IlSlig 

i 1 ,ill Ii1WtIt lSIt' ( Hiitll 

"1 ,oLADAN (0
ii1 1111 o.- ik I 4 1it Liwilii \,vc p ~ JbProrwo RroSs 

mi I D 0111KR 0A Of/)CS f o'lii kIFC SSIIIi R 

.1)-RUM til'ipsetarminthe tjmg O~~ WIfth C'I,\ IwomacItin ie aitI I RI Iu 

IidIiIh ll(.II tlJlll,ag i ltl 01OI 

tL'11\11111 WIil~rt 'IitiltCS 1151ilkittOL' I  tll lgtinrisi h liltit traliltlil,",ill I 1 Isuli''iI I i 

I liitllltltajiliI tto ii (otibo oI:IrstCI' wjs akt i Oliah r ic-t l mttor i tt m. lili ls si'ii rtiii hi 

I ~i~ItIit~ri I i wa iliigatti t ii't llil A, . \ SCl AII iosei w a ltI'OiLIdbs Il Si Ililiti 

manaiigemeni t oft agriiutral r'~tstuls' u li~utlt ~ trittui ttdlli o tl 

ttifo mi onis ilitlaisSulu Sc titiic wr~tliting tr fli'' 

tulagiiittiricsirtits il tii- agrtiiclgPtulrseta rhtl scintit Foiliotiui iiisty o latac 

MCIO ,1ldlllOft'lkO didi~g r trili lt'sit as(!Fiii' afgoi h i 193, 1. J.,t i\iIt tic2~ 

[lt'll, lldrt'sf l LI)t rii crint'tt illiii i)5 i ic riti n tuirrt'nt oi~igiit I(! 11iLIL-~ita tita 

Ol,'II'dMWA DA ~hIliM d oturt. ilitit isvcr' 35 tuliuIihisill liii fornii taile arot \It tOiti 
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Partic pnts itthoI/ARDA NARS Tramnng Seninar on Training and Jot)Perfornvnace 

inRice Scion:o 

ilIito'iiatioil OHil 1t1rrTuIlt 
(t'i plOylv tntt, aid part Ill 
gatlurut data til tt u lttc-iilut 
and I'.,al ,OIIItiits on,l thI.iii. 

hu utta0io niru ditrihutt 
to 270)trlintu., in 14 WARt).\ 
lunIIur iCFt tlllli',t t18 Wuru( i 

rtIlttd ,mIllIriu'td, giving a 
ruspOi.isu o1 44'',,. !tt data wru 

SHiiiiiiali/i'dttAlnlt 11il\,'d rsing 

an S1 SS.( ' i aLt
Iwo. kUg 

IlII'itaus Of ttIltlal ltuRtIIt.'n Wuru 
Mt((IIIM(tl t0 dust rilu thIt 

nTuS)ii,, a stiS Oft', to uhLutut' 
Variatil)hus. (I)tnanttitait C 
sIlllhriu.'-S Os ( lII .t titt(tlSIto vuru 
als-i mlaide. ( OIl ilhl IIroIIthis 
s.,ttls u,,.rutiiiuiiiriitt: 

"\',.\I )\',trinilii totirsuIS. Iavu 
had a p siti\o imlact Oil trainus 
thrlugh t itriutiii; to 

', fm
i lhe lmrllc-,,iollal 

CO.I -lC.,OfI ,1III)rI'. lrFtillT+S,. ing 


Sell rulianu.C, iI.ra'sIiug 

COI la til itihtllIUiI(i ilf 
COlluadgrIts, hliglilitiliZiationl Of tile 

knowledge,. id skills alut ired. 
utlring ttainiig, struiCIgtl(.wiIg 

trailnul' research toitpuleiu,, 
and St ru.ngtlLu_,iig tIuir albilit to0 

Ihlie nicushiils antd 
ruccoinumiittionS iOliI1 this stUd'V 
arihutLiiig tIt',d t0 guiL,_ \VARI).A'S 

lttilr_ t railiiig aCtiVitiS. 

,\RI)A/NARS training seminar 

II MJa tilehSuOnl il thu sriUS of 
\V.I,II.\N ..RI. II ii I ,ucgiI wr,, 

was huld at \.\II).A tuadtLtUarturS, 
\t'1w. ( otAC tltsOiru. MOtor thanl .(0 

t tllltlt(i)tllltlit; ()tihl[till 
iitt';I.\ll l ga,ri/~alo lsand 

"Traili g altd lh Perth,,maiti ce ill 
,,ri ti,.t 

RiiSOiss C", Mid tIle traIiC i 
dist_'u l W _.'WV. II ',tl+,linil1g
 

t+i+ g.i tt,"aiit t0 1(i,.5. 

ipruralus; imp~act of WANDAI,. 

trlilnillg Oll joht)p tr iia :I,;aMIC 
Ihatiolitl I)di,.thS 1oi ri,+uLS Cilte 
triilhlg. \ IIIU'tillg of th 

\VAI)A/\ARS I iraiing WXorking 
iHtil) (T:V( i ' on lastWias IldICI th 

writu anti11 ll ru1)uar1h lUadur,, tta iMt thet i,,h 1urtlitlar, thLI,S1 
In a fewv' rt,,ogiitiol,,asus, 
proin and lirtIssioIal 
adtvauitium.nt w ru dirutly lilktd 
to iiii,)'OVtt purtorinaIC dit to 

\V..\tI).\ trainig A Strong lusirC 
was xIru.ssut, tor gruattr 

u sl'ilTuSi)OluAlu I t ll\V.\Rt), 
aLI IorIIUir trlinu and( r 
attuItiuudAI at Ioru' otfWARtI'S 
tra.ining CO rSs. (:titial aruas Of' 
tt'aillillg
n ld IM' Ilatiorlal 
I)l'dl,ins xtrU Iut(OIllIuindu(i.;
tiiusu iii.tltt,.u (tonIptu'r 

11Iplicathm++s ill1grhcultural 

rusarlh, intugratud cr-op 

pr(t,_i(t ll,xatur managia ent ill 
u'iLt ustlihar\estp)rotduntioi, 

h1MnCliltg, SCICIm tifil 'iiling, iauld 

agricllltll+,al illlf titonllrin 


nallagullult."
 

WXARII). .\ltimiii AssOtiaitioii was 
also IMllthtdI. 

IIl 'IOCUttliiigs Ot th su,.linhjIr 
,iitaining til tuxts of the Fpapers 
lruseltd, briuts onl the LisuISsioIns 

O I)tuntatiollS;, tihu sullilnar 
rud'tIoIlInUiidaltiOns, alnltilt.l report 
Of th 'IA'(V netilig will h 

published in 1995. 

http:adtvauitium.nt
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TAIILE 27: Research scholars at WARI)A, 1994. 

Supervising
WA\RI)A 

Degree and scientist and 
Name Country University Topic discipline 

J.V.K. Alun Ghana PhI)., Vve lie roll of weeds in the natural I). Jollson 
College, Univ. of control of upland rice insect pests (weeds) 
london, U.K. in (:C)te lIvoire F. Fleinrichs 

(entomology) 

M. Ahonsi Nigeria M.Sc., .\IU, Stludies of ialse smut of rice induccd A. Sv 
Nigeria by Ultih ,,ioitcI vitcls (pathology) 

R.N.A. Ahovo Benin Plh.)., Univ. of ( .oi mnd protitalility of rice A.\ Adesina 
Hohenheim, production \Slellls in southern (agricultural 
Germa ny Blen i economics) 

F.Asch Germany Phl)., Univ. of Salt tolCrance of irrigated rice in the XI. l)ingkuhn 
Hamburg, Sahel (physiology) 
Germanv 

I). lirmingham U.S.A. PhI.)., Univ. of Indigenous soils classification and A. Adesina 
Wisconsin, management I,y fa lners in three (agricultural 
U.S.A. regions of (1te d'Ivoire ecolomlics) 

K. Sahrawa 

(soil science) 

A.O. l)aleba C6te d'Ivoire Doc. 3e cycle, l)evelol)ing drought-resistant rice NI. jones 
Univ. of varieties using biotechnology (breeding) 
Abidjan, techniques 
Cete d'lvoire 

A. Diallo Senegal Doc., Univ. Access of women to irrigation T. Randolph 
CAD, l)akar, resources in rice production: a case (agricultural 
Senegal study, of the (Goye zone of the upper economics) 

valley of the Senegal River 

II. l)iandue C6te d'Ivoire I).I-.A., Univ. of Screening interspecific rice crosses NI. Jones 
Abidjan, for resistance to blast and drought (breeding) 
C6te dIvoire 

S. l)iatta Senegal l)oc., Univ. of Interactions of Le'dlologic and K. Sahrawat 
Nancy, France hydrologic processes on the growth (soil science) 

of rice along a tol)oseqlence in 
central (6tCe llv )ire 

K.K. Diato C6te d'lvoire Doc. 3e cycle, Comparative anialvsk of small-scale A. Adesina 
CIRIES, Univ. of al d large-scale rice pr)dticti o ii (agricultural 
Abidjan, systemlis in (Yote d1'lvoire economics) 
C6te dlvoire 
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I ..\ It.27 (cont'd) 

Name Country 

i. )obo Cote d'voire 

I,.lofana "Ibgo 


N. Folana C6te d'lvoire 

A.V. I loundkon Benin 

A. OlIda Nigeria 

1..11. Kouas i C6te d'lvoire 

A\.1.Maji Nigeria 

S. Nacro Burkina Faso 

.1'. Nartch Ghana 

l'. Cfte d'lvoireN'gnessan 

1.0. Nipah Ghana 

AND COMMUNICATIONS
 

I)egrec and 
University 

I)oc. 3e C-clu, 
Univ. of 
.\bidjan, 

('6tc l'l\'oi
I
 

Ph.)., Univ. Of 
(iessen, 
(icrIanv 

I)oc. 3C cycl,, 
CIIFS, UJi\v. of 
Aidji.fl, 
C6te d'lIvoirc 

)oc. 3c cN'clh, 
CIRI-S, Univ. of 
Ahidjan, 
C6te d'voirc 

Ph.)., Un'iv. of 
lbiadan, Nigeria 

1).1:..A., Univ. of 
Abidjan, 
('te d'Ivoirc
 

M.Sc., Univ. of 
Ibaddn, Nigcria 

P1.I)., Univ. of 
Rennes, France 

Ph.I)., Univ. of 
Ghana, l.egotn 

)oc., tLUni\,.of 

fon tpllicr, 


:rance
 

M.lPhil., UST, 
Kumasi, (1hana 

Supervising 
WARI)A 
scientist and 

Topic disci)line 

I)etermining the CLos',StCnS that NI..ones
 
)rollmote althur CLUlturahilitv in (hreccding)
 

\'arioUS rice ViariCtiCS
 

Effct OflnIorpho)hdogiCal trlit,111the l).J<ohn1sorn
 
c0onl)til iVCIL'S Of tIplajid r'ic' (wec'Cls) 
C lti'rsWith wxcc, S
 

WoHnCn ill rice i]rOdUCtion SVstcms: A.Adcesina 
a coiIparati\', ItitIl'11 Cxt, nsiV' (agricultural 
SV\IlsI ill ( ;jagi.I, olXLWUSt (I'6tc economhics) 
d'l\oirc, and in t_,lSivC sslcin- in 
KoFlOg, iitlhcrti (Cote IVoirc 

FcOuuuii anal,,i,,S of rice A. Adesina 
P)rodIctio l ,\'sth.m,itIlortlhrn (agricultural 
Benin economics) 

Thelio-CClogy and control Of 11.Siogh 
,lsf/vi, armi ci on rice in Nigeria (brceding) 

Sltdv, of intrs)cCific rice crosses for N..jolies 
wcud suplcssionl or tolerance (hreeding) 

Ivalluatimll of drought tolerance and B. Siigh 
otlhr agrononic traits inAfrican (breedilg) 
rice varieties (). lL trlima) 

Fcolog, biology, and parasites of F. lleinrichs 
African rice ga!l Midge (entomology) 

I-on to.xicitv in \Vcst African soils: K. Sahrawat 
the roll of othr nutrients (soils) 

l'piduiology and variahility of the A. Sy 
InarlhrirC Virtns on ricc (pathology) 

\ariClal sciCCinilg and gcnctic NI. Jones (ip
analysis for iron toxicity tolerance land hreeding) 
in rice It. Singh (low

land breeding) 

http:Aidji.fl
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IAIl.l1:27 (cont'd) 

Supervising 
WAIM)A 

Degree and scientist and 
Name Country University Topic disciline 

A.0.OlaleyL Nigeria I'.l)., Univ. of Suitability e'aluati on, I. Singh 
lbadan, Nigeria character'Zatioln, arid rice 'ields ill !breedinig) 

selected iron-t(oxic soils in Nigeria K. Sahrawat 
(boils) 

A.:\. Om'noloye Nigeria l'.l)., Univ. of Nleciaiiisrs Of resistarice in rice It. Si Igh 
[badan, Nigeria culti\'ar,' to the African rice gall (breeding) 

midge, (hscolh orvzivora C. Williams 
(entomoflogy) 

F.Ileinric!S 
(ent(mi(logy) 

A. Ouattara C6te d'Ivoire Doc. 3e cycle, Ex-ante analysis of the financial A.Adesiria 
CIRES, Univ. of profitaliility .lmdconstraints to (agricUltUral 
Abidjan, adoption Of1new rice )rodtiion ecolnomics) 
C6te d'Ivoire techinologies in tle oI,<ohgo regioll 

of (YOte divoire 

I. Samba Senegal Ph.)., Univ. Ict Of rice (r()p)ing sVsteuls ald NI. Wopereis 
CAl, l)akar, drainage oin salinization aid (agronomy) 
Senegal alkalinization of soils illthe Senegal 

River vallev and delta 

M. Si6 Burkina Faso Doc., Univ. of The use of therml constants as K. Nliezan 
Montpellier, selection criteria for rice varieties (breeding) 
France adapted to irrigated rice cultivation NI. Wopereis 

in the Sahel (agronomy) 
,I. l)ingkulhn 
(physiology) 

N.TI Sow Senegal Ph.l)., Cath. Improving rice tolerance to salinity K. Miezan 
Univ.of Louvain, through nwnm'cloral variation (breeding) 
Belgium NI. l)ingkrrhn 

(ph ysiology) 

K. "arl,ondc0 Tchad lDoc. 3e cycle, )etermining characteristics that \NI.Jones 
Univ. of give rice varieties the aiility to (breeding) 
Abidjan, surlpress or tolerate weeds 
C6te dlvire 

A.A. "lbur Nigeria M.Sc., IPurdtre Economic constraints to rice-based T.Randolph 
Univ., U.S.A. rotations in Niger (agricultural 

ecollonlics) 

Em0 
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I.I:. 27 (cont'd) 

Supervising 
WAR)A 

Degree and scientist and 
Name Country University Topic discipline 

C.O. 	Traorc Mali l)oc. 3 cycle, Economic constraints to irrigated A. Adesire, 
CIR'0S, Univ. o)1 rice production in the Selingue rice (agricultural 
Abidjan, schenie in sonthwcstcrn Mali economics) 
(C6tedl'voire 

.. Tr 	 NI.Sc., lPurduC to lanrov'e rice c. laCUte d'lvoire aRates of r,'turnl A"St 

Univ., U.S.A. research in Sierra [.eone (agricultural 
econoilics) 

TABLE 28: Short-term WARI)A trainees in 1994. 

Name Country 	 Institution i)iscipline 

(; ( loquais France 	 ISTOM Pathology (IRNIV) 

C. Dankers Netherlands 	 AgricultUral Univ. of Wageningen Entomology 

S. Nlasselot France 	 ISTOM Pathology (Blast) 

I.B. ( niVOgui ( ;tinea/( on 	 Sag UI PAlI Multidisciplinary 

N. Ritzent haler France 	 ISTOIM Agronomy 

Y. Sylla Cte d'l\voire 'NSA 	 Pathology (RYMV) 

WARDA adinirg hall is a 
friendly gathering place for 
lunches and meetings of the 
entire WARDA staff. 

" 	 !
 
'
 SI t :.
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SUMMARIES OF COMMUNICATIONS ACTIVITIES
 
.1.lth) '1,01i1cotici, 11a.5ani)c l iallo, ('ikh lDiop 

PUBLICATIONS 

he publicalion etOrt initiated "I 
1)3 was onlitd in I1Q)4 with 

' 
th )Pr(ILICtion (1 a ,o)l.rlie
 
,plhlitalio with asistailce o1 

lrCljl e' 'difir',a idh( k 
lICsiIncrS. Iarch pipers 
)lIi,,hed h1 \VINAM).\ scientists ill 
vIiohis journl, wiL'reissued in a 
WARID).\ Reprint' S(erii' h r more 
targTlid dihIilti 

1l1llioti), i,,Wsu in104: 

" VAi) A nual lReport 1993
 
(FIrer lhaild 1nglish)
 

* 	 (Current (COotetnts at R,.\I) 
(o1nlthl)F 

S\V.ARIS Brochure (French and 

Fngli,h ) 


" 	 WVA\IS Poster Freinch and 
English) 

" 	 l)irete)rv Of Rice Scien tists in 
West Africa (oglish) 

" 	 Training in Nla1grove Rice 
])roduction - Instruclor's 
\lanual (I-nglisi) 

SWARI),A Reprints Series 
Numbers I114 

TAI"II 29: Breakdown of translation volume from 1991 to 1994. 

Year 

Research 
)irector General's Office 
[raining & (oms. 
Administration 
\liscellaiIeoLs 

lolA 

(R,\NI; T'1TAI. 

Translation and 
interpretation services 

The staffing situation ill the 
Translation and Interpretation 
Services Unit stahilized \er\' 
quickly, and work progressed 
rapidly and satisfactorily during 
the 'ear. Because the volume of 
translations requested continued 
to rise, we were compelled to 

5000
 

4000 


S300C 
* E 

* 2000
 

1000
 

0 
1991 1992 1993 


1991 1992 1993 1994
 

277 200(1 750 (620
 
389 500 1212 1520
 
785 100) 1100 1274
 
404 21) 302
 
253 250 14 31)
 

2108 3750 3286 4026
 

13 	 170
 

depend on freelance translators to 
cope with the workload for both 
lngIish-to-Flrench and French-to-

English translations. 

For interl)ritation er'ices, the staff 
in terlpreter ci lntitneid to work with 
freelance interl:reters to service the 
Board of Trustees ;lCetillg, the 
Research fisk Force meetings, and 
group training courses. lahle 29
 

FIGURE 29: 

Translation 
volume trend for 
1991 to 1994. 

1994
 



W;VA R D APk 

IN 4 litkG; 

SlfI lII )2it,'-tlht'Ii III)CI 'S a1 .t ,, 

Of4(.)icLII, ,ti I"')I-
CI, i Hl)SL.d ill 

,, 1t )4, W1,hilt U 2I) i)r I (LkIaWdata! i tr SIavc 

Sh,i llg inrtat441
tilt' [ic.' 

\httiiiiV l0r l')4l t) 1)(4. 


LIBRARY AND 
DOCUMENTATION CENTER 

l:0r1ttat Cd ill 19), aid a11)rnvcttd 

in nIc, I')')() )\ the,tt1Critltital 

I)c'\tlOl)iii-iIt lSCLarcth (ci]tr'c 

( 14)1 ( anada, tile \est .ric'a 

Rice tItnl matil SStci \VIIARS) 

tPrijCL.t LIanIL t0 an Lld ill 

l cc'mlb 4r4. 


he 

\'.i 1 strciIlgtt'll aMid 


hI) T'raIl u)t)jic.ti\C (Of tic 1)r()jcct 
St) Iiigratltc' 

W\V,.XI S I ilr\ Mitit 
4l)cn'At mittatiol ( Aitcr 
and lpit il placItC itras,ttuirc, 
i10I 'V 4 t C\".I) Iltl Hil t4 HIn Of4 
,lfcCtiVc ilmiriaLtioll Scr\iccS in 
riocCrcSCit andi r(dt)lctio4 ill tilt' 
rcgio)m. Ict,ill)Lt-IiLcIatioi Of1 
tile \\.\RIS iroct has rcSnt."tUd ill 
•ai gradlcd rict librarv an d 
( IIu)Ct.,ittioll collk.,tioulh, ,Mid 

imII4)r)IOtd aid cxlAIidcd 
it irniati4)41 SCIVi'cS 44l" tilie 
hcncfit Of W.I.A and its NRIS 
Sc iC i i ti,'s. 

IThe (1(tlclIclt'liSt iimiitcrOOnk a 
('iI- 'ck m issi)n to) the \V.\RII,. 
Salc, IIrogran ii N4'cTIIItIr lQ)4 
to) c\Tahiatc l)Ir)gl'cSS iIiat and 
41 Cniciil I .c SSai'V chill gc , to) 

imll4)i'))'t litlrar' tacliti s aMid 
SCrl\'i ll's. illc ict e)i ilIatCl Ir 
54 srct a r' iL chall d i cOl tIt titrar\y-Osas, ()ltcrct a 5,tciitl Imainlimig 

5425io)4l l \ \ )..\ Iticltciartcrs in 
4I IcIc ()44, anidlr inl librar' 
(atatlasc iiallagulnici 4t 

J qL R EP RT 1 ;94 

COMMUhtLNICATIONS 

!St. iIiti' Is tI .\ RI ) Sahcl 

P[()rmi. IS.\, a I SA\FI iI.' 


c"L'C,ta ) A W Ictl-.t(Wktd and 
ivcIt-nlanagc lilbra rx. t Ilira' 
i adtctl1atvI timscut, aid it is 
,.4,] ip4 \vi th i t tll%d a 
coII l)IntLr, a ( I )-t( I i\'t' , 
SIV..IIK, \I( ( WA, anlt ( 11.\Rl. 
tIS .- t)\I tdati)),SCS. I%\() 
tatala ,,C", S4.\ 111:1 10 )lograli'l, 

.lild NI.\ Itr l)WriodiLtcals, arc' 

Uscd I)r managinig thte library 

hfltlings. 


.il)rary collectiom 

Library acquisilim14 bct vii 

1)() aid 0))4 'cre as stiowi il 

lablt' 30(.
 

Trh'i,,s[tc, lil)r simtscri'td to 17(0 

jlurats, in additiolm 4) stoCVc'ral 

1()tlr ia.ls I'CcT d 4IrcTC
' (4 Ctlll-gC 

and (li an cCtXangC tiasiS. tto(),ks 

I'l'\aMIt to)lite %Crc tr-liasc'd. 


"t(rcv" lit.'ratnr Ias actitvl\' 
cocctc d uring nlliSSiOns 

un1"dtrtakV.,n hv W..XRD).VS. 


doct:mcntalist aid jumior libirarian, 

A viewoi WARDAs Library and Documentatiot, 

bV W D.\HI). lal,a (1 tlIr(' g I 
"W,\RI)\ lI,,k h rce andIvIIrkiiig 
gr Il. II imphasis is, placcid ol 
4tOtllctiig tt,SCS ait rdTcarchI
 

rcplrts tlllrotulgll,)tt \V.ARIAI\
 
Ilc'lllht. L' I(I 'iUtS.
 

I)atabase lii aagelieini 

Iii-hioISC da ,It ,SCS-Vcst.\fricail 
Iic ttlibliOgIraphic t)ataAsc 
(W.IMI, plCriifictAs dtatLasc 
(11..1(), XV'ARtI.\ mailing list 
datata,SC, tt'c W\cSt -\tricamI riLc, 
Scientists ([\,S( WA), and reprints 
tlabilasc (lllN)-\v c'rc'
 

Colitillt))SIV UIl)datit' aMid
 
mprol)r'VCd. 

With timamicial aMid tLt'(hmical 
N'l)l)(rt lfri)i tit tCclli i l (c'ltl, 
4l4 ,.\gricttt-and Irla] 

('t)( ratioill (4 tI.\), Ihe 
Nctlivrlamls, thirough its ( I)-ROXI 
[project, frt()ll t Internationi al 
I)DVCOpmicmIt cIct'arcti (:Chntrc 
ll)t,( (inada, amInd fmll corc
 
fnds, V..\I() rccciXcd rcgFnlar

(11)(1latcs of tile fto [h)\\'in ,
 

glrictiuia dataiacS: 

-enter, widely used by staff. trainees, and visitors. 

' / 

OWN
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~in 

on (CD)-ROM: 

" \g OI)li{)n JOr)llal 
SA.( kl( :(W.A 

* 	 A(RIIS 
( 	 . B .\i'S-\ IHA( 

( RIS/I( :R 


* 	 KII A\II.s\TRA(IS/IRPAG & 
RU\RAL 

* 	 SI.:N II.: 

on diskette: 

" 	 Al)I fAfrican I)evelopment 
Indicators data on diskette) of 
the World Bank 

" 	 CURRENT ( ,NTIINI S tN 
I)ISKHII (agricultLue, hiology, 
environmental Sciences WITlI 
AITIlR\( .1S 

" RI(: .\ISIRA(. I'S 

Rice science 

inform aition s rvices 

An increasing nnml)er of requests 
for exhaustive searches was 
received from10 th VIWARI)A and 
N:\lzS rice scientists. :n average 
of IS requestsCwere received 
monthly. 

The nimlher of literature searches 
increased hV thre,efold hetween 
1990 and I)4 (Table 31). 

"Current (Contentsat \AIII)A" 

The monthly puhlication "Current 
Contents at WARI)A" was 
I)ublished regularly and 
distributed every Ilonth to NARS 

Pubhlcatons ind posters produced ;n 1994 

rice "cintists alnd institutions. 
Rapidly increasing intrest 
exl ,resscd illby rice resirlcher 
WAR\lI)-A Ieher states has caUd 
the numhCr Of copies ditrihIrfed 
to incrlLase hrnl -to in Fe ruarv 
199 1to 200t in March 10)4, as 
illustrated by the data in lable 32. 

A new cover was designed to 
im prove on the presentation of 
this )uhlicat ion. 

Document delivery 

WA RIS provides a book- and other 
document-lenrding service, 
including free delivery. In 
addition, photocopies of journal 
articles and hook chatfers are 



WARDA ANNUAL REPORT 1994 

TRAINING AND COMMUNICATIONS 

ici g I)roiMtd fre tIL rLge MoI 
rCilucst. ltenieticiai sit",(dl \RIh 
lItIatie ! 1t l"", Alid W(ilietIts 
(IlSI)! Ill i ( tllttilt5 at 
WARII..\, r ,ssist, el ill 
tli)taillniig third tLoIies (tIrlvOit 
ru, Tr,Inc,Ls. 

i)(WctlIuilntS 111,vidtl to rice 
cielltiSts tIll I )09to 1994 are 
illdcdtd illtlic .13. 

I)irectory of Rice Scientists 
inWest Africa 

liel.niglisb tdiliolln I the Il)irctorV 
(I Rict Scit'utiists in %\\estAtlrica was 
released in I1)U4. lie itih 
editilli is Itilig I~illttd ,1i(ii lltl 
he Viillbl' ill\taV IP)(6. hhtll 
ClitioliiS will be ictilalCI tolnLt 
Scielltis and IC tre iltisltitltllis, 
along with a torni t(I lii'niiuthelnlts. 
lhis tirst Cklitiol is eXhl)Ct'd (Il 

attraCt oll()res(cielltistS aid daLia, 
and1 it Will lead t)tI nllicition, 
in 19O0, oilasct tild ni 'te 

collI)rClmeni\e Cliti >n. 

Ih pir teIt f(tie direcltorv is to 
facilitate' contact%and e,xch/angC itt 
illforillatitin anl)iong 'searchers. 'he 
directhor is alSO tX)ectel hI)serve is 
a elldinlle Xchilllgt,ir Ihilliing 
oI rCsCarchers, as well as ftr 

i)rttmottiig utili/ation (tf 'x)erltiW 
availablU ill the NVAIUIA regi i. 

dilectorv, with illtIrlnation tn 
bllis 


216 scientists, clltaiils a I)lack-and
white dt tv-card-h trnit 
phitogrI and persoilal 
hiogral)hical data tLtf(scilltists 
wtrkillg with rice, al\V.ARI )A and its 
11ei2ibehr ctiltries, alrrangeCd 
according t0 the tields t)I 
specialization, as well as scientists' 

iLeUs, subjct mi1altr, ilsltitltitoilns, 
aLd countries. 

IAIII. 30: I.ibrary acquisitions.
 

YeI r 199( 1991 1992 1993 1994
 

lhooks 762 564 415 453 7W) 
Periodicals o824 2009 1161 1275 2961 
Annual rellts 3o2 IM) 249 255 34( 
(attalogs/laillphlcts 238 1()5 454 4S7 57o 
Reprints/IhittIcoll ieo 22o8 3.S(1 3o75 3715S 39S 

liscelllneus 159 84 394 4(12 124 1 

lIotals I(M013 ()o(l8 o3-18 ws655 0890 

IA III.i 31: Nubiter of maiin literalure searches perlormed 

for rice scientists. 

Ye'iIr 1990 1991 1992 1993 1994 

Nold ht'r ofn 

main Searches 40 	 5( 70 110 135 

TABE 32: Number of copies of "CurrentContents of WARI)A". 

Year 	 1991 1992 1993 1994 

Number of copies 	 46 15(0 195 200 

'lA ilE 33: Number of documents provided to rice scientists. 

Year 1991 1992 1993 1994 
Plulblications 350 375 45(0 530 

Photocopied pages 
of articles and 
book chapte,rs 33 356 52 358 b	 43 0(0(1 49 ()(0 

The directory will be widely WARIS Irochure 
CistriblultCd ill .ARI)A member 
countries and to the international Attractive and colorful nilish and 
rice conilunitv. 	 French editions of the WARIS 

brochure were designed and 
produced in two formats. !lhe 

WAIIS poster brochure gives atll int'odultioi to 
WARIS aitl tile serices it provides. 

Both English aniid French versions of 11 so ihvites allal ipotential users of 
the \VARIS poster were published AIMS to llake'max1ininitlln1 lSC ()fthe 
and distributed iti 1994. various services offered. 
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MAIN LITERATURE SEARCHES CONDUCTED BY WARDA IN 1994 

\tgricultral a d rine Illihcr t iIitri.s ((o 1 I. ndolph, \VR.\Iz)..\rCSarth in W\ARI)A 1r 1.l headquarters)
 
\g icoltural , ,tII( ,ird teChnica l (- ldnf,, (( )I I .I. fitlh , \VARI )Al,.l rtJstLr)
 

-
\ltrI;Iti , II ,tpIm t t II;ICtS and l I.1i, ( il ia t nt el t0 University of,IttsI ioxt I '-,it tIn I ,ss-, lI, l a /oolog,, 
( iaiia-I l ,(.h llt 

IrCLIl ,I 't)r M Ioil ,tnteRh Y. I I( IN( V, Iome,acilitVIre.C C. n )loc, Io,t
 

l41mn g' 11d 'I51 in tllow ste's'. I rI r I).lihiI1inhligh i, \W.\W I)Alicadqu rterst
 
(lelital vW.tl in I l liI % (tol I. K. Kulli N( 'R1, ladegi, Nigeria)
(ontrol c, l tiCMiItIh N I. l,, 


I)pII iIg 'A,L-111,IItdflp J it )ids (h) \ NI1.. \. ( 4,l1olah1, I ),leMant 1 Iul(f /, logy, L1niXer'.itv of (hanaan i 
Ci, )go 10lI1 ( 1 Ill 

IIt'ltd 11,gr A ,t.CI ,)p ,,I tl tIl It'et IIt I )I. kh ',a iC. \VARII)A , S, ,lgAl 
hIl Il lif I lllnlIr c( l If K 11.ol . R. A 


I ,tntiIil,N dI)d W ,uddt',lo\t 111WIt (k X S. Ira oI 


I X.\ it y in \V\IR )\) II ri II(rI \V\II)A headquarters) 
I Nh. Re', II )iY', ( t,d'lvooirI,
 

I(C.tl,.,tit.tl\iI(IulMCIlt iIItrLn-iti ol io U, Itlla 
N\ (1 X.I.) m /C,,(uhtl, and xvlWat (ft)n I )n.R. (fUlel, \VA I-)A
II(,:d I r,)~t,.. 


ItIn ol e 01 IoC.gi i,,IC in n uptak ldriteC and weed coIll t Ie nit I (1LIla trol ((or ,MIr. Segda Zacharie, 
INI.\, FIim k(o-a [i ,II, kiIiiI am 


I h -t-ihlaIIt Ik,,i,tml' ,emrom.,t (fo hillniclis, \VAII).\
Il)r. 1:..I M h.adLImItelSI
 
Irrigatd ic(', Wommul,ndt, 1oCtivity in the Sahel (tor Xh.A. I )iallo, SAI), Bake, Senegal
 
Id l I-,il,_.riIg inIIlalhAV ","till, I). ltirmi lghamm,(h)r \ Ir.s. \V,.\RI)A headquarters) 
NMaimwtlmnlce of R/iloblmm strain, (lor Mr. K. Kotiamlu, II)FSA, Ionak,, (te d'lvoire) 
Nrpholo..ical and p)hysiologichal trait,l lonse to low temperature (for Dr. Moussaifcereals rtaated tol the res 

Si,WARI )A, Snegal) 
l'araSitoids Mid V'gtalh_ I)sts (for NMiss M. A. Chilah, )epartmenlt of Zoology, University of G(hana-Legon, 

611llna) 

Iarasitoids of rice insect' (for Nliss M. A.( obblall, I)el)artment of Zoology, Univers tv of (Ghana-Legon, Gihana) 
Mangrove rice in Africa dfor \1r. 1.1.Ire /oI)r. Adesilia, WARI).\ headquarters) 

I'reservatinon amd utilization Oti (for WRI ).-\ headluarters)germIIllaIso )r. R. (Anuei, 
Rice grain discoloratioun (for NMr. I). R.Taylor, I(I(,,Sierra Leonle) 
Rice prodUcti on alld OllCV Of \VAR ), leller coultries (for I)r. T.Randoll)h. W,+A)A headquarters) 
RiCe productiol il Nigeria (for Prof. V.,WVLIdI'l, OgmUm State Liniversity, Ago-lwoye, Nigeria) 
Rice Yellow Mottle Virus: upIate (for Mr.1). R.TLaylor, IIS, Sierra leone; I)r. L lmolehin and Mr. M. F. Abo, 

N( 'RI, Nigeria, I)r. A. A. S', W\RI)A headquarters; Mr.M. NM.Coulibaly, P'rogramme Riz Irrigu, Niono, Mali) 
Sued clasSificationl (foor NMlr.N 'ho, II)SSA, ('te d'lvoire) 
Species coInCel)ts of insects (for Miss .M.\. Coblah, )ep, tinment of Zoology, University of Ghana-legon, Ghana) 
Stalk-eyed flies(I)iopsi.s) (for )r. B. N. Singh, WAR )A, Nig ri,j) 
Taxonomv (Ifparasitic I lyimenoptera (lor Miss NI. \. Cobblah, I)epartment (If Zoology, University of Ghana-

Legomi, ( harna) 
Transportation costs in West Africa (for )r. T.Randolph, WARI)A lheadquarters) 
Utilization Of l.eguminosae illUlland rice (for Mr.Segda Zacharie, INFRA, Farako-M, BUrkina Faso) 
Weed control in irrigated rice in the Saiel (for )r. I). Johnson, WARI)A headquarters) 
World fertilizer markets (for )r. T.Randolph, WARII)A headCquarters) 
World rice markets (for l)r. T.Randolph, \WRDA headquarters) 
Zoogeography of insects (for Miss M. A. Collhlah, I)epartment of Zoology, University of Ghana-Legon, Ghana) 

M, 

http:I-,il,_.ri


TRAINING &U.1 

hr W\ARI', hiorhur,, ltoirhcr 'sit ih 

the \\.\l.I1 i-,tr. ar' lt-g ,,ido\ 

titrittl \\\l l.\ iimclc.r 

Lo lItIJU"-' li'jl St, it'lltJsts. to It"WLLI l , 


dul\'rlI. IIii, J 1d rnl. lit l l ld 
illitit)ti lls, lld 1 lil lr its IIII 
illt iil ti ll ,cr 5 I , , ill O lTl to 
Ipld ARill ,..riinc.\\-\I 

Imphrovement f 
Iltionail Cailjlciies 

Ilh i '.,,'ailh iiftitiIllatiOl 

,Vtcill 01 \V\ I).\ iuiiiIri 'Staetus 
.arc lIr iL.d ALCss to all \\RIS 
", iVRA'sit HO l aigr. Ill ildditiOll, 

Ilinks arc IOrgrn aint hllitainLd 
%\itlith stilltO N\RS lirari"cs, Nio 
that t.c\ aic kptll itirrist iif 

iiihiruiiatiii t rlui'oh girs il 
ttlilliigi4 lIhippt t1itiis. NhOIr 
s'lCI(iilly, \\.\RIS IIs ides, thiciI 
Witlh LAi)CrtisC and l iirs i'-ioiis 
to i.,i',t ill the iUse Of Ile\ 
trdiliOh gi.,,Mud ti Lpgrlade 
]I)M UL.II'1's, li~l~~' lltl illd 

surices. )i-tl-jiili tdailigI 

[iglralHlls Ogdli/ lp)nl 
Ir'i.uSt, RL g' li fiiruiial gl()Ul 
trainilg coutrses are uxpectud to 

()IIIIILIIUL' II I) 

Training 

Since \V..\IIS bicaiir operational ill 
carl 1991, rClll ld for infouniation 
services h1aSu.Xpanrlu \'ri Iwu' ond 

pro.iucturI uXpreCtations il: 

" 	 til nnnbrr Of SciCntists 
ruLnnCStillg illtolilliatioll SuIVicuS; 

" 	 til divursity of inforination 
demands, rovering all aspects of 
agricultural research; 

CC(MMUNICTIONS 

ilwrasiig ruql.,ts or training 
Of N.\lI, lihrariais aind 
dlth,iultiilisi t \\\I )..\ I l 
,Igi(l'J t u itlal ifll lll'itit ll 

IIIiIg1 IIIi ntILl 11W ot i'\" 

iiutllOr i t ll IimiigIi iL'I It 

tCl'JO1O1gik'i,. 


With file d L'VsJlllllt ot llor ,1l'rn 

agricultiiill iuil illiii facilities at 
\.\I I).\, lMirar *nidn 
I)oInuui'Ctatiotl (ictl rOnsidNlral,' 
potnItiil .\itlbr \1.\RI ).\ to 
d,,.sigil, rFg'Ili/r, aid IIaiIgi. 

inldi\inil Mldl rrgiiiiil gricl 
trainii i agrriroltural illtOrmialtio 
IIliIihlglIiilIt id I ,l (1 ie\ 

inhullidtionI iiiduidguulI)nt 
teiichohlogius. 

\1.\IdRI.\ has ill the past iirganiiud 
SLc'h rgiilhal traihlilig CIIIUS ilId is 

ofL'rinlg il it Lritii,, nuil(r of 
hIirt-turiii Oi-tuhe-job training 

progriiv, to upgralu tile skills of 
N.\IS hitOriatiii staff. 

lic oljectives of the trainlig 

proigrami are: 

to enlarge national capacities inl 
procedures for thu O.rganization 
and iianagrmrnti of agricultural 

ilhiitiiinomion; 

to tarilitatC .cCuss to, and 
dissemiuation oIf, agricultural 

informilation; 


to du'elo I) tile "computer and 
ne' technologies culture" of 
NARS agricultural infornation 
irerson nel; 

to prolote tilte dissInlination Of 
ag'iculturIl information ill 
WARII)A rnmnihur countries 

through the organization of 
group trainilg CuUIrsS fOCtLSilg 
on thie Use Of leW informlation 
technologies. 

()n-the-job training 

F(,lhnvOing requests received from 
lII 	 ln J)L'I" C Ul'tl 'iC"S' IlIltio n;.i] 

J11"l'gr III , ]() stalf (IiVC HIuI Mlld I'i\'C 
\\(leill) ill ill(' Oif dIl'i tlltlJral 
illf()ItllldtioIl S.r\iis \\' 'vcrrtillhiu I inl 
lilIaiVMd ,.latalisi 1u,1idlg,,nCiIlt 
hutwsciv 0 ai) lallllrs l()S. 

Training in librar 
and dtaltae ]lalih., "'elient 
in 	1994 

Nh. lFaliliko NI. S. lanllie, ill charge 
of the (Gnlllibi Lihirrv of 

Agricuilturial RCsu,,arCh iIAIP) of til 
National A.-g,rictltural 1.,usuclh 
hnIistitl (NAK'Ih Yuirtni lIl 
( biiiiLIa,14-2S Fl'inar\' 1904. 

N. ( dCIshtin KiI l)idi , ,tud,luit at 
tile l"jIartu',IIlCtlultoriiatioIl
(Oiullutiuuicaltiol if IllivIursitu 
Pierre NIleud", FancL, (rinHOilC II, 
]Isi ttI-ifIl. liver',itaire det 

lchnologic II, (renoble, Franc, " 
JuLIIC to 5 Sup1tulill)ul 19q)4, for oil
the-job tdninitg annd \ridlng of a 
dissrlation thIr u!stalislhnlet of 
a database oI l e research 
institutiols of VARI)A nuniher 
countries. 

Nlr. Niamadou C(iss, in charge of 
thr l)ocunentation (unter otf 
CIentre de Forniatioll ut de 
Recherche en Animation Rurale 

(CIAR), Abidlan, (6tC rIvoire, 18 
April to 18.lune 1994. 

Mrs ,ida Ndiayu, in CIia.ge of tile 
library of the WARt),A Saliel Irrigated 

Rice Program, Ndiaye/Saint-louis, 
Sueigal, 22 November to 4 
)ecember 1992, and 26 )ecemer 

1994 to 6 Jaluary !995. 

Miss Marie MI)eilgLC, ill charge of 
tile Documentation Center of 

S
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TRAINING AND COMMUHCATIO "'' 

,
Societc d'\ni,":agei;'lrt et de \lise h dillu itUri, 1 eCM I til 1deu illisiols to trllillilg progral , 

Chi Ileiv ' lrtiicipll wiC we, inSllViltr L l),ldti tlhirteeni nl Irolli Working visits k iiitLIitr;iken 
Scuiegil .-\lal), di~iy'tf aiint-l lls, .. tritln Iiiiiccckitc e \ lA lILtiiitIr UMllltrik'" illdlt ill iest: ,\I 

SLiiWil, 23 tL'eLclllber 1994 to ) Beniiin, luiikiri Faso, (Cilllltlcrmi, other cctlltriCS: 

Iaiclirx Il/. . ( 'eiltril .\lric iil R itu'lic, Cihad, 
('0c d'lV(oire', \ldigaciSCI, M;illi, The (faiibia ir rrv t 

Ir~icincu Itoctc ctid the desigll 01 alld .auritallia. :\gricultiuril Re'searMich (4II.Atot 
hilhicclglhai(.l daibases ail Ihe Nationil .\gricultural 
ilic mt lihd)r1 0c)c'raltionial lhW otuectiv, c1 this traininl/g lRUsarch Ilnstitutle (NAI\I), 
i)r)cclrL", to be, used b thie course wal, to UijgrAil, tlh' skills of Y1.u1u1i(. hc,I1(Giiblia,22-28 
trlilc cS to iloc, ,ttitietlv Stllt illchirg ll (Ct\-Itcludd ('I)- May 19)4. 
1iia11, tettieii tihrM'ii , a0it 4 tM skitiolns illthe tcllchx'ilg 
clctiiiieltatlllt c, lltel. g Reis: (litic IlKiitiOlli)tril' 1 (* , tc LI_ 

the trdllillg, \V\RI).\ 1iblr;irs' Mil IR'chercice Ci .\rilm iltil Rural 
)ctc l 'tilt * illlrillt (CFR;\R), d'littioll ( eClit'l visited basic ItilCliH0lS (l iltiOn .\lilil, tR2it, oire, 

their lri, l I .)4.Wiith tIl Iv(lriaIn tra'linee s ,it rc vil tOOl t cId to search 8-1(0 Septe be)t.,r' 

rkWItCi\U Se2rices alriCL (:1)-IRt)t (tliltas'S:held 
eLt ilgs with tlh'idllilliSritors * l)OCtl itatiltionl (Clnter, 

(d the'ir institutios. * XIS-I)t)S; National :\griculltural Rescarch 
Il1Stitut 01 I.enrii (INIAB), 

0 dow\nlloandilg oi dlta 1o111 (1)- (Cotoolul, Benin, 21-25 
Irahning in infirniation ROMt datl ses to \,ordlcerlect November I L4. 
retrieval for scientists alld (I-SIS soit\\'u'e; 

TIhe purpose of tie follow-up 
Numerous scientists ind staff from1 a installation ot ()-ROtM mlissions to the iistitutiols of staff 
)l)portunitis Indliustrializatiol hardware and software; trained at \V\IZIA headquarters 
Clt tl Inc. (It wis to help illIterncationil, ), Sol'in gt-problems 

an N( I illBouikC, hie\ I)en , prodlucts and services dce'lo)d encotiterel alter the training 
triined illthlC usO( word- using (l)-I(t/X datablases. pirogran has taken place'; design, 
prcsccSinrg anrd database di ic, efficientldpt, or adlapt re 

alliagenellit software, and The \VARI):\ docUItalist librirv nallgement aind 
iillm iltioi delivered lectures at these courses: ill lr0cedlel(s; installretrievalI floi in- orgilltiZo 
htirIsc a i d (1 )-t).\I databases. hardw\\arC lid softwiar' for dLa'tabasC 

W\ARI),\ 'llainig (]Gilrse tn management. 
(tnilptIte'r Applicaitionls and 

GROUP TRAINING Stalistical Analysis in \gricultural 
Research, ,'bc/Bouako,, (16te REGIONAL AND 

Participation in group training d'lvoire, januaryllV 1994. INTERNATIONAL COOPERATION 

Ihe \V AI):\ libraiiard WAIIA Training Course on CIA/FI)COWAS Project: a Study of 
I)oculllie tat ion (Cen ter organized Scientific \Vriting for Agricultural Information Needs 
inldIMistCd the (IVARI)A Agricultural Reusearch Scientists, for the Countries of West Africa, 

collabora itive group trainirg course IITA Biological Control Center and an Integrated Inforniation 
on the "Utilization of Cl)-IRONI for for Africa, Cotoiou, Ben.in, 14- Program for Agricultural 
Agricultural lInfornation 24 November 1994. )evelopment in West Africa 
M ariagement ".This course, held 
from 10 to 21 October 1994 at the WAR)\IA is still ilaying at major 
%V:\R)\Training Center at Assistance to national programs role in this verv ilmportant 

through follow-up missions undertaking through its director 
of training aid coin1uniications 

Responding to retItlests from aind its docuLe, itatist. 
national programs, and as follow
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'11A1NING AND COMMUNICATIONS 

\rtig (d ll( Rc.iiaI.\tiinl 

.\utji%it i ill\u-n t<\IriCa (( 'RF'S) inlforHiiti WlVi(,C ill thuC BIA
 
l1(ILIl I()I!1 5) to 8 A\J)lil IQQ)4 i andwAbidjall arcas ill mrdeu to
 
.hiiliit, ( Autt LI Ivo(ir' 111d ('StdIII l 1 iiith1
 

I~dlI>I N Lut ill HIi ( uI I MVA do 0 pat ivuIli ot i\'o21\ Iiit flu 

()I tIL 1)1)jL'Lt dt Io IHil-Ii lt Alti~itiLS ()I tIlL- IVo)lidll 

orl .\g iL till irI,1 I)Lux LAooll1lllt ill MID.I) i.d~ ik LIlldltClI 
\Vuxt Atr'iLd''. troolli 20) too21 HIuutinlgS Ilud P~) fdlllla, IH April, 
I )uuuinho.-i I 0)04 at I ( ()WAS Ill[\'l, Mild 12 0001t(2ur 19904 il 
luilLIL1I1-lrr, il I ag~oo, >iguria. Abfidjan t-'re attendedL by tile 

\\'.RI), illior librarian. 

idLIltititLI ,lS Ht l ld illtiltioli 
( IA. wViiill dolo oat o too;1lcilIluit 

itoorzIllltiIl pmogral tool t-s 
A\trica, and [.1A )\VAN will he ruliudc~ 
Lulloll t( o o lllit lI11. illiI)ICliI lt 

tIL Illt2gratu~l Iiit(oiiiiati(oii 

I'igrail toO A\gricultural 
I )xuoopou till \Vux"t Alriual. 

\VARIA 'uu tfii', a1 nijoor)\ 

omtribut non too \ARIS tor butter 
dklislllilliltiooll od dgl'iLtLlIttllalI 
ininatin withiin we'st -\rica, 



WARDA ANNUAL RVI, -
FINANCIAL STATMENTS 

WEST AFRICA RICE DEVELOPMENT ASSOCIATION
 
Statement of financial Position as of I)ecember 31, 1994
 

Ixpr ssed in U.S. dollars)
 

ASSETS 


(iurrent Assets 

Cash and Cash [(qoivalents 
AccoutS Receivable: 

l)umr 

l:n.pih ces 

it hers 

1I cnt)rics 

IrcIxid t
Kensis 

l)tal (Current Assets 

Fixed Assets 

t'npcrtv, Plant and lF.quipnment 
I.csU: .\ccuMtlated )epreciation 

h )tat Fixed .\ssets - Net 

t(AllI ASSIS 

LIABILITIES 

(urrentI Liabilities 

*ank Overdraft 
.\AccoIu ts layable: 

l)onors 
lEmployees 
Others 

Accruals and Provisions 

Total CIurrent liabilities 

l, ng-l'eri I.iabilities 

TO)TAL I IAIIHTIEIFS 

NET ASSETS 

Capital Invested in Fixed Assets: 
(CenerOwned In Custody 
Capital Fund 
01)frating Foouds 

T)TAL. NET \SSIS 

Total liabilities & Net Assets 

Thic awinatcil shitmnot.S Wer' approved bY the Board ofTrust''s on 

1994 


1 073 994 


1 774 569 

279 490 

728 030 

684 391 

216 418 


4 756 892 


14 5(19 084 

(2 283 224) 


12 225 860 


16982 752 


2516744 

66 243 


2 034 827 

462967 


5 080 781 


0 

5 080 781 


12 225 860 

(1 636 637) 

1 312 748 


11 901 971 


16982 752 


26 April 1995 and wer' 

1993
 

286 742
 

1 525 151
 
179 297
 
380 34 1
 
468 443
 
306239
 

3 146213
 

13 832 232
 
(1 750 827)
 

12 081 405
 

15 227 618
 

276 309
 

1 933822
 
63 332
 

1 550 765
 
772818
 

4 597 046
 

0 

4 597 046
 

12 081 405
 
(2 796 734)
 
1 345 901
 

10630572
 

15227618
 

s inc'd on their be'halfbY': 

1)I E cnc I. "i'r. ; ' ,\J. Kwainc Akul/b-Akoto 
l)it'ctor (;'tenral head of Finmac & SuppIort Se'rvic.s 



FINANCIAL STATEMENTS
 

WEST AFRICA RICE DEVELOPMENT ASSOCIATION 
Grants and (Contri)utionIo r the Year end.ed 3 1 )ece IIher 1994
 
lxprsu',d in ILS. hldilr)Ilm 

CORE UNRESTRICTED 

(iliada (SII.\ 
France 

irina n \' (I\lZ/[IZ 

lapan 


Korea 

Ihe NetherlaIds 

SwIculn 

United Kingdom (o1)1) 

United States (US
1\ll) 
W\Vrld Bank 

StB IlI. 

CORE RESTRICTED 

..\lI)B - Institutional Support 


.\l B - Integrated Pest X\lanagement 

Canadla - (IIR(:) Small (r'ants Project 

Canada - (101W) \Vest :\frican Info. System Project 

I - (n)p1 a d Rzesource \Ialnagement 

Fran&e - .\gr lhi h gy Project 

(1ilr anv \ Il/./( iI) - lelllperattire Stress Project 

(ierrm1an ' (l //( I/) - Salinity r)ject 

Japan - (train Qlnaity St udies 
Rockefellcr lFoundatino - I)()st-d(OC I),,ellowship 

Rockefeller Iu) (liatJtmi - :\nther ( tLlultlre Project 

UNI)I - [raining amd (Coml'unications 

United Kingdom (0)\/NIZ1) - Weeds Project 

United Kingdom 0ll)A ) - IN(&I Project 

United States IUS.,\II) - Rice Network Project 


SllITAI. 

1. C\(l 1:( ilR,\NTS 

COMPLEMENTARY 

Canada (II)RC) - Vector Borne Diseases Project 
The Netherlands - Inland Valley Consortium Project 
United Kingdom (01)A/NII) - Nematology Project 
United Kingdom (0I)A/NRI) - Weed/Insect Inter. Pro. 
United Kingdom (01)A/NRI) - Gall Nidge Project 

T'IAI. C0IPI,IMF.NIAIY GRANTS 

1994 1993
 

507 246 547 707
 
195 960 141 379
 
367 102 301 929
 

1 416328 1 280277
 
50 000 50 000
 

270 438 137 715
 
467 221 490 732
 
172 057 165 506
 
50000
 

1 400 000
 

3496353 4515245
 

838 072 782 976
 
126 051 379 997
 
44 850 81 441
 

112 313 12 470
 
562 001 748 973
 

12 134 1 463
 
282 655 228 574
 

73 323
 
36 178 43 041
 

3 000
 
31 980
 

445 204 630 876
 
35 108
 
55 197
 

366 315 189 432
 

3021 381 3 102243
 

6517 734 7617488
 

22 129
 
173 556 49863
 

7 807
 
17 667
 
21 347
 

242 506 49 863
 

Ulm ............ ..... . ....... ... . . ... . ..
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FINANCIAL STATEMENTS 

WEST AFRICA RICE DEVELOPMENT ASSOCIATION 
Statement of Activity by Funding Source for the Year ended December 31, 1994
 
(lxpressed in U.S. dollars)
 

UNR-STIRICTH) RSTRICI'H) COMIH-MEINTARY TOTAL 1993 
CORE CORE 

REVENUE 

(irants 3 496 353 3 021 381 242 506 6 760 240 7 667 351 
Nlember States Contributions 64 045 64 045 74 520 
Other Revenue 36 541 36541 85459 

total Revenue 3 596 939 3 021 381 242 506 6 860 826 7 827 33) 

OPERATING EXPENSES 

Research l'iograms 1 811 840 2 463 863 242 506 4 518 209 4 230 189 
Iraining ,nd (:ommmntinicat ions 49)005 557 518 1 047 523 1 136 873 
Admin. Expensus & 

(;enviral Operations 1 972 788 1 972 788 2 175 255 

Jril()s )pelrating Expenses 4 274 633 3 021 381 242 506 7 538 52)) 7 542 3 17 

Ruc0)v'r\ of Indirect Charges (205 847) (205 S47) (139 755) 

Net Olj rating Expenses 4 068 786 3 021 381 242 506 7 332 673 7 402 562 

Excess/( t)elicit ) l Revenue 
Over Expenses (471 847) 0 0 (471 847) 424 768 

lxtr1ordinarv Items 0 0 0 0 (385 233) 

Excuss/tl )eticit ) of Revenue 
Over Expenses (471 847) 0 0 (471 847) 39 535 

ALLOCATED AS FOLLOWS 

Operating Fund (471 847) 0 0 (471 847) 39 535 

(471 847) 0 0 (471 847) 39 535 

,\I.,IO ITEM 

OjeraI'tiIgExeses b)' NaturalClassificatio1 

l'ersonnel (.osts 2 197 885 1 154 860 19 792 3 372 537 3 915 698 
supplics andlService's 1 403 107 1 691 446 213 957 3 308 510 2 726 111 
Thl('/ 219 152 97522 5619 322293 378841 
l)plreciation 454 489 77553 3 138 535 180 521 667 

I LT:tI 4274 633 3021 381 242 506 7538 520 7542317 
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PERSONNEL 

WARDA STAFF 
As of December 31, 1994 

OFFICE OF THE DIRECTOR GENERAL 

iugene R. [erry, 1I11.1). 
RoIbert (Cathcart t.emp, M.A. 
larie-Therce ( hou,II'.S. 

Si ni liCe Kotli Kra, Iic.l:s. 
casimir (;routo, Ing. Hat. 

.Supr.tpI'lr,,ll),I
 

Karim A.\Ldl
ii'lla 
F(om KouakLIua;,tdou 

Iii ilac ILokiu Bligui 

Kas inil'1 ( milihxfIs' 

Ke'iti I)jcdt 
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Mr. Seth Ohenieng-I)a lah Technical coordinati(n of group training couInrse if] computer applications and 
statistical anal x'si in agricultural research 

Mr. N'(Cho Achiave l.udovic lechnical coordinatlion of group training course in rice agnonmiy 

i)r. .. Akinsola 'lchnical coordinaltion lI group training course in integrated crop protection in rice 
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Adesi na, A.A., Johnson, IDTI.,and I leinrichs, -.A. 1994. Rice pests illthe Ivorv (Coast, \\Vest Africa: farmers' 
perceptions and management strategies. IItCrnilionilj((nitil ofIll'.StA ,il'ilgCWict.40(4); 293-20)9 

.\desina, A..\., lijato, K.K., and l'egatienan, .1.I1W4. Reklati\e tiCienc\' Of liCe tarnis in Northern C(ute divoire: 
Pl'oit tn(tio di llysis. Abstract in: 'loh cdio, of/t, 19(5 .l.im Alth lol ' /ltl Ecolnomistso/ tilIX if/tilt' .'otilifnltal 

. vi,%twtltilo , .lli- l(I 4A , It'ullmit. Vol. T (5(), (ID)cTI ber (iI pre's)./Ollilhtl o .f olillal 

A,.deSina, A..\. t)94. l'esticitL Use iand Ipoicy in West Arica: Anl overview. Ill:Agne, S., Flisher, (., and Wail)el, It. 
eIs.). '/l 0tt'dOi,fi(tti, tn tikilhp oinI'Stirih'I'olii'. 28 Felbruarv - 4 March I()(4. (iottingen, ,ierniany. 
pp.27-42. 

,.\driesse, V., Va I)uiVenbooden, N., Fresco, 1.0., Winduiei jer, Il.N. 1)(4. A multi-scale apiproach to characterize 
inland valley agro-ecosystecm s ill \Vest Atrica. XNtlwrh /miA ']umal of A.ricullual cietc. 42: 159-170. 

Audebert, A., and Siband, l'.19()4. Cotton crop on granitic gneiss bedrock in "logo. In:/le.3'ti./ ESA (]on,r'ss, 
Aano-l'adova 1)-22/()()/19))4. 

Becker, NI., lI.adha, .. 1))S. (;reenK., and Ali, XI. manure technology: potential, usage, and limitations. A case 
Sttldv f0rIoW dld rice. In: Plot. 15th I l Coti,c.ss of Soil Sci. 1994. ISSS, Acapulco, NIexico. 

Becker, NI., Iadlha, I.K., Simpson, I.(,and Ottow, J.(C.G. 1994. Parameters affecting residue nitrogen 
Inineralization in flooded soils. Soil Sci..Soc. ,Am. 1.58:1666- 1671. 

Becker, NI., kIadha, I.K., aid ()ttow,.j.( ( . 1994. Nitrogen losses and lowland rice yield as affected by residue 
nitrogen re.ase. Soil Sri. So(. .-lin. 1.58:1600-16 . 

BO Inmanl, B. .M., Vopereis, NI .(C.S., Kropff, M.I., ten lerge, II.F[N., and 'luo0ng, T.P. 1994. Understanding the water 
use efficiency of flooded rice fields. II. Validalion and seepage losses. Aric/tural lV'h'r Aahatcmnt 26:291-304. 

I)iatta, S., and Salrawat, KI.. N94. Performance of rice cultivars along the upland/inlad swamp continuim in 
the N\'b valley, (le d'Ivoire. Ill: ran.siltliirsof 15/tWiohl Co.,,rc.ss of Soil Secic. Vol. 7b (commission VI): 190
191 . \capulco, .Mexico,.July 1)- 6, 1994. 

l)ingkuln, NI. 1994. Systems research at VAIRI),A. Il: ()pflrtimitics, Use, and Trinsf/ir of'SI sh'ms Reseaih A c't/h ds ill 

Aiicultilon' to It''chpi (C;011 Edited(ltriCs. y I'eter (Golsworthyand Frits Penning tde Vries. Kluwer Academic 
I'ublishers, in cooperation with ISNA Rand l(,ASA. pp. 341-349. 

l)ingkUhn lI., SOw, A., SaMh, .\., I)iack, S., and Asch, F.1994. Climatic determinants of irrigated rice performance 
ill tile SaM. I. llhotothllermali antd micro-climatic responses Of flowering. Apicultnl s'.s)tems. 48 (1994) 385-410. 

I)ingkuhn, M.,and Miezan, KNI. 19()4. Climatic deterninants of irrigated rice performalce in the Sahel. i. 
Validation of Ihotothermal constants antd characterization of genotypes. A,''ricultlu Systmins. 48 (1994) 411-434. 

I)ingkuh11n, M. 1994. Climatic determinants of irrigated rice performance in the Saliel. Ill. Characterizing 
environments by siniul ating crop phenology. Agiculttral 53'sytems. 48 (1994) 435-456. 
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(jilhurt, r., loh. t.,and v'auirre. 1 19)4. New prspectives(of vulnerable institutions: Agricultural research 
sv'steMis in the small countris ()I1\est Africa. L.N'.M Ibihiit l'ali'r .\'o. 14. International Service for National 
Agricultural Rcarch (N.\R). I he IlIagUL, Ihe Nthrlaitids. 

I leinrichs, I-..\. 1()()4. 1)CVCe)Irl)Ult01 iu iltil)l, jI)St-rcL.,istant .ro) Cultivars. ].A, 'rjt. I1: 223-253.Lpilfopii. 

Ileinrichs,, 1:..A.)-)4. ted.), lMiil y amixo, e ,i(c ln'ct. \Vilev !Atern, NewRice. In: I leinrich,, 1.A. id I j'Rf 

Delhi and the hitriiational Rice Research Iistittite, .Ilinila, lhilil)p)inCS. pl). 3-11.
 

lteinrichs, F.A. 4 )st plant resistalce. II: I lcizich',s, F...wd.), Ifiohil'Y oi/an . 'u'j't i/! i,'lRUscls. WileN, 
Lastern, NCkV Il1hi ald the lIltrilatiolal Rice IReZS'arch InStitute, ilanih, tlhilipineS. pp. 517-547. 

1leinrich,, 1:...ld.) 11)94. lhdrioiy / .lhi,'mo',it folRict bIsc'ts. \Vihv l:.astern, New )elhi and the International 
Rice Research Institute, Manila, Pllippine,. 779 ). 

I leinrichs, F.A..10)4. Imp1act ()IilecticidCS o th reistance ald rcsurgenCC of rice ptantho)pnc)ers. In: l)cnno, R., 
and Perfectd, cd, I 'hitli/ptr%. ( hapman and I lall, New York. pp. 571-598.J. lllii 'ClliCit01flt'ilrpprsm 

lamin, I., 1994. Nornie, and techmiCues,lt diverSitC Socialc.: l.'agriculture irreguee sahelienne peut-clie 
s'intensifier ell prlnan t en C0tnlJ)tC ladivrsi te dCs xlh itations? Iln: l'c. IRL/(II)-I\R.()R l'R().\I Synipo.in 
R ht'ct' S I t' illtUr' t' ict'i'ihi/i/iPli t Illr/. \luintl)Ullir, :ralce. ioVellblrC I994.+',' '1ia'ij 

Jones, M.P. I1)Q4. XV.\I I,'S work and IpogrcsS in ulIlalnd rice breeding for Vest Africa. In: lrot. hitnational 
UpIL flRice BlIt' lt's,' 1 ork'holp: St t'Pi'tifit I'ip'rS. Nl t eliet , FraicC. SVpl)tenlher 0- 10, IP))3. 

Jooes, N.P., Singh, B.N., and Nicizan, K. 10t)4 .WAI)A'S arietal nomenclature system. Inl: l'rot.. Internationil 
Uphild Rice ltI t'ir' ITork.shop: RetomwlPncmltion . Nlontpellier, France.Selptember 6-1(), 1993. 

Joles, XLI'. 1994. (ierilplasm collection and co nservatioun activities in West Africa: The role of the West Africa Rice 
)evelopment Association. Ill: /Iii. Atction Mll on Sa/i'ilmdinti u;ll'rsei'atnipi olth' iodiver.sit' ofthe Rice 

(;Gieipool. 11RI, Los Iafuos, Philippines. February 28 - March 3, 1994. 

Jones, NITl 1))4..Agroccological ionsu' and rice production systems in sub-Saharan Africa. In: Thvinihkg in Manrove 
Rice Iroluctim. lufitsiut oi S .XhMaitl. West Africa Ric l)e'elopinent Association. pp. 3-16. 

Jones, I. (Characteristics and breeding of mangrove rice varieties. In: Tnoilning inl .Ahirot'e Rice Production. 
hIstruitor" fanual. West \frica Rice l)evelopment Association. pp. 45-74. 

Jones, M.P.19)4. (irowth and develpmpent of the rice plant. In: lratinin in Mi,i,,'oive Rice roducltion. hIustructor 
,\Iannlu. West Africa Rice l)evel0lIment Association. I)p. 31-45. 

1))4. Indigenons land use 
Land licp int' S rtYi ill Afii(W. Bruce, ..V.and Nligot-Adhol ,a,S. (teds.). Kend hall/I-I ent PLublishing Company, 
Dubuque, Iowa, U.S.A. p. 4 10. 

Matlon, V'.1. sVstenis and investments in soil fertility inl Burkina Faso. In: Selrchin fbr 

,tatlon, P.J., and Adesilna, A.A. 1994. Potential IARC contributionS to bu1ilding social science cal)acity in NARS. In: 
Social Sc' wc illt' (-(;IA. Pocce'tlinXs o/la ,\h'tbfoi0C( ;IAR,Sot-ial Scientists. field at the International Service for 
National Agricultural Research (ISNAR), The Ilague, The Netherlands, August 1992. Collinson, M.I, and l'latais, 
K.W.(eds.) C(\IR Studx' laper No. 28. The World Bank, Washington, ).C., U.S.A. 
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Mlatlon, 11J. 1994. Research needs for sostai ille rice pIrFtdUction in West Atrica: \'ARDI)'S lsssment and 
respo nse. In: lIoictvlitiis of ti'17tIt S.csioi of Il l ifmatiotil Rit (.Commissio. 4-9 lebruar' lQ(,(i oianIa, (;oias, 
Brazil. Ithttni,tion'l Ritt ("'oitiih ioii Y,'ivt' hcr. 994. \'O. l: , Rome, Italy'. I-2'().f l, 30, pp. 

RIeardon, I., K -,,V., I)elgado, i ltion, '., and lBidiane, ).1904. I income divr'SitiCatiOn agrictulture-led in 
the West Atrican sUmi-arid trlpic, (\V\\S..\ I' Nature, caues, etfects, distribution, aMd lroduction-linkages of off
tarnI activities. In: l-Ftoi ii( P l F'ifl'Hi t'in .il/A t Ihv WC'l .cl.u'lid!. .Atsairi, A., \Vangwe, S., andli.l' - IV/hit 
DI lbt.ck, I., )...\lrii iCCown,ortoriLIM , Nairobi, ... (U(K, l~l..0HOM~ KUM~ 'ZI 20)7-22(). 

Silria\sat, IK.1. soil chemica.il fertility. Ill: titAl).tict.10t4. Flooding ,Oil: A grealt UiuallzTr of diiVr,,itV ill 1110,l 
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\Vipereis, M.( .S., B.\..M., Krpfl, M.I., ten llerge, II.F.M., and Nlaligaya, A.R. 1994. Understanding tilel1uinal, 
water-use etticien_' (t lohoded rice lields. I. Validation ol the soil-water balance model SAWAI I ApulturindWaI 'ater 
Mna/'cnw'tt. 2o:227-28). 

\Vopereis, NI.(.S., 1Buml, I.,Kr pff, NI.J., and Sanidad, XV. I)94.Redtciig nypass flow tlhrough a dry, cracked and 
previously puddled rice soil. Soil & liV7hie Rcscarch. 29: 1-11. 

Youssef ben Kada, NI., IleCIdahmane, B.S., Sv, A.A., Barrault, G., and Alhertini, 1.. 1994. Effect of inoculation of 
barley infloresceiice with / )n1schlh'ri h'te.tn the locat ion of seed-born illoculltuln ald its tralnslission to 
seedlings as riiodified by temperature and soil moisture. Plant I'atluhq'. 4.3. pp. 350-355. 
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Afl)I 
AUWV 
lIZ 
INI)A 
ClAD 

(l)-ROXl 

T,.NATEI. 
(IA:\ 

I( I\R 

(D 1),\ 
(INIA 

(,IRAI) 

(1IRI'S 
CNRST 
(t)RA: 
( "RI 
("TA 

I)RA 
1,:CA 
I(O\VAS 
FEC 
FA) 
FCF:\ 
GIS 

FTZ 

[ARC 
II)FSSA 
II)RC 


IER 
IFS 

lIE 
INFRA 
INGER-Africa 
INRA 
INRAB 
IN\RAN 
llNI 
IRA 
IRAT 
ISRA 
IVC 

NARI 
NARS 
NCRI 
NIIK 

African )evelopment Bank
 
Agricultural University of \Vageningen (The Netherlands)
 
BunderministeriLurn ftr \Virtschaftliche Zusaimienarleit (Germany)
 
BIlanque national Ile Ile\'0l)l)eh iietnet agricole (Mali)
 
Cheikh Anta I)io) (Senegal)
 
Cinpalct disc, read-olV HIelmlorV
 
Centre natimnA dI tdtectMio convert forestier (Benin)
1 elde siUrveilIlance dII 

(:oIIIIIIMt a t ,tinacire airicine (trHil d lia)
 
CIIstiltati'i (rouip on InttrihIltioual AgriculturalIResearch (see map, inside
 
back cover) 
(anadian Intet.rlualional I)es'elopmelt Agency 
Centre iOiriUII (1u1naIchisliii agriCeOl 
Centre LIe cool)6ration internluionale en recherche agronomique i)our le 
dc.VUloppeumen t (lIrarnecL, 
(entre ivoirien dierecierches soCiales ct econohiqlues 
Centre natiolial de ri'chrche scientifique et de technologie (Burkina Faso) 
Confernce Iles responsables Lie larecherche agronomique africaine 
Crops Research Institute (6ihana) 

~lechnical (klir1for Agricultlral and Iural (ooperation (The Netherlands) 
Direction de [a recherche agrolonique (Benin) 
Economic Commission for Africa 
Economic ConlilunjI1litv of Vest African States 
lEuropean Economic C ommunitv 
Food and Agriculture organizationl of the United Nations 
Franc, CIA, Vest African1 currency unit 
Geographical information system 
Deutsche ;esellscha ft li r lech nische Zusa mnienarrbeit (Germany) 
International agrictltural research center (a generic term) 
Institut dis saVanesI I Yte d'IVoire) 
International l)evelopment Research Centre (Canada) 
Ecole inter-etats d'ingenieIIrs ieI'CLquipemet rural (Mali) 
International Foundation for Scienlce (Sweden) 
International Institute of Entomology 
lnstitut dierecherclICs t d',ttides agricOIes (0urkina Faso) 
International Network for Genetic Evaluation of Rice (AFRICA branch) 
Institut national tie Ia recherche agronomique (France) 
linstitult national dies recherches agronomicoles tIn Bhin 
Institut nationlal ties recherclis agrononi iques tIU Niger 
Integrated pest malnagCmCnt 
Istitut ierecherche agronomiqlue (Cameroon) 
Institut de rechCrches agronmi(ues tropicales et ies cultures vivrires (France) 
Institut s6cn6galais i recherche agronom iclte 
Inlanid Val1ey COnIsorti um 

National Agricultural Research Institute (6Ialmhia) 
National agricultural research system (a generic term) 
National Cereals Research Institute (Nigeria) 
Nitrogen/phoslhorus/potassiuIm (fertilizer elemen~ts) 
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01 )A Overseas I)evelopnent Administration (United Kingdont) 
OIC Opportunities lndustrialization Centers International, Inc. 
ORSIOM Institut franyais de recherche scientilique pour le dveloppement en cooperation (France) 
P-EMsI Panel of Experts on Environmental I|a nagement for Vector Control 
RI)ACI RCseatIl de dogCLunentMtion agricole de c(Yte d'lvoire 
RRS Rokupr Research Station (Sierra I.eone) 
INIV Rice yellow mottle virus 

SAI.) Socitot natiolnale d 'anieageuien t et dI'exploration dies terres du delta du fleuve S~n~gal 
SAFGR) Semi-Arid Food (.Irain ReSea rI and I)evelopment 
SC-I ). \Winand Staring (c;ntre for Integrat ed land, Soil and Water Resources (The Netherlands) 
SI'AAR Special Program tor African Agricultural Research 
TAC Technical Advisory Committee of the CGiIAR 
UNI) United Nations )evelopment 'rogramme 
USAI I) United States Agency for Interrational I)evelopment 
W\II \Vest Africa lice Iibliographic l)atabase 
WARIS \Vest Africa Rice Information System 
WHO World I-Iealth Organization 
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INTERNATIONAL AGRICULTURAL RESEARCH CENTERS 
SUPPORTED BY THE CONSULTATIVE GROUP ON 
INTERNATIONAL AGRICULTURAL RESEARCH (CGIAR) 
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