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The three major events x,hich dominated WARI)A',, calendar of act ixitics in 1992 were the 
completion and occupation of the A,,,,ociation's Main Re,,earch ('enter and I leadquarters at M'b6 in
CCte d'lvoire, the external rex ies of WARDA's programs and manacement h a panel of experts 

appointed b\ the Technical Advisor\ ('omnittce (A(' ol [he ('onsultative Group on International 
Research I('( proposals fOr WARI)A'xIAR). and lie dcxelopnenl ofl second
 

Medium-Tern Plan (NIP for the period I 994-9X.
 

The construction ot th1e irst phase o1 the research facility \%as complete(] on schedule in Fehruary 
1992, and occupied in ,Ma . conrihuting significantlI to the efficien! irrrpleii.entation of the 199? 
program of xxork. The research complex consi,,ts of x,ell-equipped laboratories offices and basic 
infrastructUral support facilities for our re search fari. Good pngress %a IIso imIiade in the CxeL.ution 
of WARI)A's lon-termnma,,ter aind ue plan. 

The first two actix itie,, 'lxternal IPrograni and Nianavernent Re% iexxrelating to WARI)A's third 

(EPMR). namely the rexvie ofitie Board of TruStCes by tile panel and tie initial
external re\ ie\ 
phase of the FPMR, were held in April and August 1992. respectixel\. The main and final phase was 

for Januarv 1993. In line with the decision b the ('GIAR to harinlril/e fhe imllplemllentation 
of the second M'1P, for all its I8 centers, it was agreed that WARI)A's Irst N'I'P ( 1990-94t xwould 
terminate inl1993. This nexx timetable meant that certain crilical decisioi, had to he made bx the 
Board and management on the content o ttie I 992 and I993 prograns and their effect oilie 
program for 1994. WARI)A's prograis and management xere therefore subjcted to an in-depth 
internal review inApril 1992 inpreparation fOr the [NPMR and for tile lowrmulation of prOpisals for 
the second MITP. These propusals wkere completed in )ecember in time fOr cor,,ideration by tie 
external review panel and the TAC Working Group assigned to WAR DA for preliminary discussions 
on the prnl)os,.s. 

Severe budgetary constraints resulted in the modification of the scale and dimensions of the programs 
originally proposed for 1992. Mariagenient therefore effected appropriate adjustments to ensure 
continuity of the programs implernenteJ in I -91 and to protect the integrity ofprogranis proposed in 
the first MTP. 

In 1992, WARDI)A consolidated its efforts to develop an innovative program of partnership with its 
national program colleagues. These initiatives calminated in the establishient of four new Regional 
Task Forces for collaboratioi in the development of technologies x,hich would increase sustainable 
rice production in West Africa. Sixteen countries participated in these Task Force activities to 
implement collaborative po jects in upland and lowlad rice breeding for Lecontinuum enxvironient. 
irrigated rice improvement for the Sahel and integr; ted pest management. '[le activities were jointly 
planned. prioritized ard executed as fully integrated regional research programs. The participation of 
national scientists in these activities was supported by small grants specifiLally provided by 
WARDA's donors. 

WARDA continued its efforts in 1992 to integrate the key components of its research. training and 
communications activities in a nminer that would ensure not only progress in technology generation 
but also the development of the human resources of its national program partners. Thus. there \vls an 
increase intilenumber of research scholars conducting research at WARDA's field locations. 

The loss of WARDA's Training Center in Liberia. coupled with the budgetary constraints which 
limited recruitment of international-level training specialists, led to the suspension of training 
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activities in 1991. In 1992, WARDA continued with its itinerant training strategy initiated in 199(0 in 
member countries, in partnership with national scientists. This approach allowed these scientists to 
participate fully in the design and implementation of training courses, ensuring that the orientation of' 
these courses addressed their needs. National scientists also served as resource persons and their 
cou,'se notes were utiliied extensively to develop training manuals. 

In the area of COnlnlnic:ltions. WARDA's seleLtive dissemination of inftennation (SDI) service was 
strengthened in 1992 to enable the Association to target literature to specific user needs throughout z 
West Africa. The documntil delivery and literature search services to national programs were z 
expanded con siderably in an effort to satisly the incrcased demand for inflormation from rice scientists 
and other agricultural researchers in the region. 

This Annual Repoli provides details and summaries of all the activities outlinCd a.btove, including 
reports on on-going research activities in the continuuml. Sahcl and mangro e swanip rice production 
systems and on progress in our tra inilng and colnillll cat iolis programs. It also contains a feature 
ar!icle which presents details ol the nain results aid conclnsions from WARDA's re :earch io salt 
tolerance of rice varieties growin under irrigated conditions il tile Salhel. 

On behal tof the Board ol+Trustees, i . iallageIllelit aindI staff, it gives i. great pleasure to present 
WARDA's 1992 Annual Report. I take this opportunity to express our sincere appreciation to our 
donors for their continued strong financial and moral support. I would also like to tha.nk all 
WARDA's national, regional ard intermational partners for their important contributiols to the 
progress achieved in 1992. I expect and hope that the activities described in this report. and the 
technical and scientific knowledge generated through those activities, will significantly enhance our 
colletive efforls to achieve sustainable food production in sub-Saharan Africa. 

Eugene R. Terry, PhD (Illinois) 
DirectorGeneral 
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About WARDA 

The West African Rice Dcvelopment \sstiation (WARDA) WARDA's goal is to strengthen West AfricaIII':apability i 
is an intcrgovernmental re search association s ith a mandate the science. tcchnmo.lg and soci -conot ics of rice 
to conduct ric., research, training and conuiinications production. Tlt'i iti,,ugh these effOrls eii,,aged that the 

> activ ities for the hcnelit of the West African region. ForIned livelihood of ihe small tna fainil 'an he sutailled and 
z 	 in 1971 bN I I countries "ith the aissistance of ihc UNDIP, improved. opporluniliCs for rural eIpONinClt increased and 
z 	 F()and F( '.A. WAR)A no" consists of 17 member prospects for food Sc'uri tv enhanced. 

countries, including (ameroon hich joincd in 1991. 
WARDA is a nii ber o the network of 18 international The lleadquarters oI WARI)A are in M'he. ('61e d'Ivoire. 

> 	 agricultural research ceniers supported by hflnds fron donors WARDA maintains regional rcsearch sites near St Louis in 
of the CGIAR Senegal. at Rokupr in Sierra Leonc and at Ihbada inNigeria. 
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: Calendar of Events in1992 

0 January June 
6-31 

15-18 

Training course: Computer applications and 
statistical analysis inagricultural research, ICRISAT, 
Niamey, Niger 
Director General attends CGIAR Strategy 

1-29 

5 

Training course: Training of agricultural trainers, 
Cotonou, Benin 
Office of the Director of Training and Communications 
moves to M'be 

Z 
C 

20-21 

22 

Formulation meeting inLondon. UK 
Lowland Breeding Task Force meeting, Ibadan. 
Nigeria 
Meeting of the Steering Committee ofthe Upland 

19 
22-29 

24-27 

Continuum Program moves to M'be 
Director General atlends TAC meeting (No. 58).
Rome, Italy 
Director of Training and Communications attends 

28 
Rice Breeding Task Force, Ibadan, Nigeria 
Nigerian Ambassador to C6te dlvoire, HE. J.Coker, 
visits WARDA 29-11 July 

closing stages of Tiaining of agricultural trainers 
course. Cotonou, Benin 
Director ofTraining and Communications attends 

" February 
12 
14 
19-20 

Estates Committee meeting, M'be and Bouake 
Tenders Committee meeting (No. 22). Bouake 
Integrated Pest ManagementTask Force meeting.
Bouake 

July 
5-10 
13-7 August 
22-24 

CGIAR Senior Management Development Course. USA 

Director General visits AVRDC inTaiwan 
Tra iing course: Crop protection inrice, Bouake 
CGIAR Senior Finance Officer visits WARDA 

" 26 Reception Provisoire ofthe Main Research Center 
and Headquarters, M'be August 

March 
2-30 Training course: Water and irrigation manage

ment for rice production. Ouagadougou, Burkina Faso 

6-11 
17-18 

12-23 

EPMR: initial phase at WARDA 
CGIAR Chairman and Executive Secretary visit 
WARDA
EPMR: field visits to WARDA member states 

3 
12-22 

Program Management Conmittee meeting, Bouake 
Director General attends TAC meeting (No. 57). September 
Aleppo. Syria 3-4 Japanese scientists visit WARDA 

April 
1 Director General attends UN World Bank, FAO 

sponsored Special Briefing. New York. USA 

7-14 
7-14 

Training course: Upland rice production, Bouake 
Director of Agricultural Research, Ca.,eroor, and 
the Coordinator of the Cameroon Rice Program 
visit WARDA 

1-5 

6-8 
9-10 

EMR Consultant, Dr Ralph Riley, underlakes 
country visits 
Internal Pronram Review and In-House Review 
Meetings of the Board of Trustees Program, 

18 

20-25 

Director of Administration and Finance, Gordon 
MacNeil, leaves WAFDA 
Director General and Director of Research make 
official visit to Cameroon 

23-24 
Nominating and Executive Committees, Bouake 
Integrated Pest Management Steering Committee 

24 British Ambassador to C6te dIvoire, H.E. M.I. Rothwell, 
visits WARDA 

meeting, Bouake 28-29 Varietal Improvement Working Group meeting, Ibadan, 
May Nigeria 

3-7 Inter-Center Rice Review Chairman, Dr Grant October 

4-6 

6 
8 

Scobie, visits WARDA 
WARDA/NARS seminar: Human resources 
development for rice science inWest Africa, M'be 
Training Working Group meeting, M'be 
Office ofthe Director General moves to M'be 

5 
12-15 
26-30 

Experts from the AICAF. Japan, visit WARDA 
Director General visits BMZ, GTZ and ATSAF, Germany 
Director General and Director of Research attend 
International Centers Week, Washington DC,USA 

4-13 Development Officer moves to M'be November 
11-12 

12 
14 

Crop and Resource Development Working Group 
meeting, Banjul, The Gambia 
Mayor of Bouake visits M'be 
Ivorian Minister for Scientific Research and 
Professional and Higher Education visits WARDA, 
accompanied by representatives of Ministers 

15-20 

16-28 

24 

Director General attends 13th SPAAR Plenary 
Session, The Hague. The Netherlands 
Training course Scientific writing for agricultural 
research scientis,, Yamoussoukro, C6te dlvoire 
Program Management Committee meeting, Bouake 

of Agriculture, Environment, Construction and December 

16-22 
Urbanism, and Communications 
Office of the Director of Administration and Finance 

7 Deputy Director, Industrial Cooperation, Ministry of 
Agriculture. Japan. Mr K Sakata, visits WARDA 

moves to M'be 9-13 Director General visits Sierra Leone on behalf 
21 Office of the Director of Research moves to M'be of the EEC 
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OVERVIEW 

Peter Maton 

As 1992 cale to aclose, WARDA's research scientists could 
take satisfaction in the manner with which they had worked 
together as lean not only to expand ant accelerate their 
research efforts but also to niect Ihree pariticular challenges 
lhev had faced during the year. The first w,'is 11initiate 
collaborative research throuch the new'ly fornied Task Forces: 
the second va, to prepare tor the External lrogani and 
Management RIe :ev, (FPM+R): and the third was to de+Velop 
the 1994-98 Medium-Terin Plan (Al''1).The NIT' reflects 
the imnporlance WARDA attaches to fostcring regional and 
international collahortiot in the developmlent of 
technotlogies w,hich will increase sustainable rice productit 
in WeI Africa. 

Task Force Initiatives 

Task Forces are the key nechanisml through which WARDA 
works wkith scientists in national programs to jointly plan and 
execule fully integrated regional research progranis in areas 
of n litulial interest. The pr rities for collaborative activities 
are dcetiriined by national cientiists. 

Table 1 NARS/WARDA Task Forces, 1992 

First year No. of WARDA Projects supported
Task Force active countries b,' small grants 

Mangrove Swamp 1991 6 20 

Rice 


Upland Rice 1992 14 8 
Breeding 

Lowland Rice 1992 13 9 
Breeding 

Integrated Pest 1992 12 13 
Management 

Sahel Irricated 1992 7 9 
Rice Improvement 

Four Task Forces were formed in 11092, thice in the 
Continuum Prograii (the Upland Rice Breeding Task Force. 
the Lovland Rice Breeding Task IForce and the Integrated 
Iest Managetnieut J1asd, Iorce) and one in tl;e Sahel 1Progialin 
(the Sahel Irrigated Rice Imnprovetent Task Force). At the 
pknaning '.orkshops, the importance of production constraints 
anlld rescarchahle problelmls Were eValuated coumntry hs country 
and airgregald to the recional level. The ahility of inlilutions 
particip'7ating in the TIask [orce,. to addres-, Ill. mao.ir rciolnal 
problems w\ere critically evaluated and rep ,,isihiilies, we.re 
assigned hased t coniparalive advantage. National scieutist, 
then devAopd projlect proposals within the L,iltLXt c' tlhese 
assi guntents. The proposals s,cr revievsed by Task Force 
Steel-iug ('ollintiitteCs1 chaired by national scienti"ts. For all 
approved prject ,, the Task Forces aw+ardcd siall grant, to 
help national programs conlutl activities '++lich had the 
potential toimake a significant in pact on the region. 

Sixteen countries participated in Task Force activities in 
1992. A total otl 59 collaborative projects henefiting froni 
Task Force support Were Coid ucted by national scientists. 
Table I sunmniarizes the Task Forces activities in 1992. 

Research priorities 

Varietal tolerance to saline and acid soils 
High and stable yields 
Consumer acceptability 
Varietal tolerance to drought. acid soils, rice blast and weeds 
High and stable yields 
Consumer acceptability 
High and stable yields 
Varietal tolerance to waterlogging. submergence, iron toxicity, rice 

blast, rice yellow mottle virus and African rice gall midge 
Consumer acceptability 
Rice blast 
Rice yellow mottle virus 
Stern borers 
African rice gall midge 
High yield potential 
Varietal tolerance to extreme temperatures and salinity 



External Program and Management Review 
and lediun-Term Plan 

The EPNIR began with an initial visit by the external review 
panel in August 1992 to WARI)A research locations in C6te 
d'Ivoire, Nigeria, Senegal and Sierra Leone, as well as to 
national programs in those countries and in BIIurkina Faso. All 
scientists participated inlpreparing presentations and drafting 
documents requested by the panel, 

The Research Division took adxvantaZe of the timing of the 
ILPMR to conduct an internal review and to advance our on-
-oirg program plann ine. An planiing document., Project, 
Sub-Projcct and Activity Summaries'. ksas produced after a 
thorough re' iexs and restructuring of research projects in the 
(:ortirmUMi aid Saiel Programs. The aim of ihis restructuring 
exercise xvas to achiexe greater interdisciplinarity in all our 
research activities and to emphasie priority resource and 

t') 
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crop nariaiement issues. The dOCument also ave more 

accountability to WARDA's research by specil'ying 
measurable outputs for all research activities year by year, 
through to 1995. The accent on accountability xsas 
strengthened by the prodIction 01' a coo pan ion study Which 
established research targets and quanLiftied their potential 
impact on product ion, through to 1998. Both do(umenIits wiII 
be used extensivel' as reference points against xvhich research 
progress will be nleasured. 

In addition to mee.ting the needs ol' the review panel and 
catalyzing the on-going internal reviewk process, the papers 
which were prepared for the EPM R were also designed to 
contribute directly to tile development of WARDA's 1904-98 
MTP. A first complete draft of the MTP was available for 
review by a Technical Advisory Committee (TAC) 
Working Party inDecember and by tileEPMR panel in 
January 1993. 



SALT TOLERANCE OF RICE VARIETIES UNDER
 
IRRIGATED CONDITIONS IN THE SAHEL
 

M. Dingkii,. F. Asch and K. Mi nca1 

Soil and water salinity are important constraints to irrigated 
rice production in tileSahel. Although only a few Sahelian 
environnents are inherently saline because ot their proximity 
to the sea. nost irrigation schemes inthe region tend to 
accumulate critical concentrations of sal! inthe topsoil. 
particularly if drainage is poor. 

Iysimetric st adies at W.\RDIA's research site', in the Sahel 
show that es apotranspiration froll rice plots is 7-10 and 
1I)-13 nmn/day dur.iing the Aet and tile hol-dry seasons, 
respectively. Percolation is poor in the heav;s soils of the 
region I<I rn/day) Iand rainfall is h),, ( 100-610 mn/year, 
usually vith no rainfall inthe dr\ season). 11topsoil 
salinizatin is to he prevented, salt imporled through 
irrigation water must be drained off. Salirriation is also
 
caused hy tIre rise of a salilic erourId water table under 

irriation. S'inity stress issonietinies compounded by' 
alkalinity (file to tile acCuin ul atiOni of sodium bicarbonate or 
by acid sullate. 

Severe salinii/ation can he prevented if appropriate irrigation 
systems are inplace aid farmers follow recoirneided 
practices. limany systems, however, top,oil and floodwater 
salinity tend to remain high, particularly in village-level 

systems where drainage is poor. Sinall- to mcdiutiri-scale 

systems are becoming incrcasing I common ilseveral 

SaIelian countries because of reduced state intervention and 
increased private sector involvement irr rice productiot 
schemes: however, these :iystenis tend t he characterized by 
sub-optinial wate, control and plot level ing. andtinstead of' 
deep drainage at the end of tire season, tire I(tldwater is 
simply evacuted from tilefield. While this practice is usually 
appropriate for controlling progressive salini/ation, it is of ten 
associated ih transient salinity levels whichiare harmif'ul to 
salt-susceptible varieties. Under arid conditions.a floodwater 
electric conductivity (EC) of 1-3 mS/ern carsignificantly 
affect rice yields, unlike tIle monsoonal clilatessituation ill 
where such [EC levels are cmnsidered sub-critical. 

Research on rice salt tolerance began at WARDA in 1990. It 
is based oti physiological field experiments, '%arietal selection. 
and hybridization at the research farn at N'Diaye in the 
Senegal river delta. In-depth physiological studies arc beinrg 
conducted incollaboration with the Univeristy of' Hamburg, 
Germany. WARDA is collaborating with NARS in the Sahel 
to develop improved plot-level technologies which will 
control salinization and soil degradation. Recent studies 
conducted by WARDA on small- and nedi urn-scale 

irrigation systems have yielded new approaches iii the effort 
to improve village-level rice production systems. 

Research approach 

The sustainable control of salinity inthe Sahel should include 
at least two technology components: 

• 	water managelment practices at both the irrigation setleme 
and plot levels which allow for the removal of salt 
imported with rrigation water 

* 	 high yielding varieties thai tolerate moderate salinity
 
without sigllificart losses illgrain yieId and qliality
 

Varieties should ako show 'ilcrance to extreme temnperiatures, 
appropriate duri-atio under the thermal and ph otoperiodic 
conditions of tie Sahcl. and adaplatioun to tilehot, dry winds 
(the I larniattan) which occir ilrtie drv season. The two rost 
salt-susceptible gro\III stages, seedling and heading, usually 
Occur illdifereint climatic periods. 'I lie dry-se asoin crop is
 
exposed initially to cold air and k%
ater, whereas the
 
reproductive stae is affected by rinds
with teMiperatures of 
tIp to 50'C. Since climatic and salt stress interact 
physiologically. an integrated research approach is required to 
study their eflects on tire performance of rice varieties il 
Sa;1elian conditions. 

The combinatiot of salt tolerance with climatic stress 
tolerance is acomplex phenomenon. Our approach was to 
characterize tire component tnorpho-physiological and genetic 
traits and to selectively combine them. Among the 
deternainannts of' salt tolerance are pl ant uptake antI transport 
of catirrs, particularly K* and Na + . These processes are 
governed partly by physiological root properties but are 
modulated by the crop's transpiration rate. lihe latter depends 
on water status, stornatal regeu lationr and cli imatic parameters. 
Salt tolerance also depends on the efficient removal of excess 
salt from plant organs,and ion antd osnotic stress tolerance 
in yotng tissues. Tile Icus of tilestudy described here was 
on plant ;on relatiorships, moirphology, water statIs and the 
regulation of leaf igis exchange. 

The materials characterized for salt tolerance were 
simultaneously but separately characterize] for thernmal 
dependency of' crop duratin, adverse tempera:ure tolerance 
and yield potential. Based on this information, key traits were 
identified and are now being analyzed genetically, using 

Ul
 



diallel crosses or slected materials. Duringe thlik proce,. 

> 

1, i retl:kbeing MiiCtiifiCd for a hvbridlj/ation programii aimed 
at (I %CI JfiItih1 erip lasln Nc II adapted to Sa heI conl I ilon5. 
Introde!Cd materials wilh good performnoce arC also beine 
it.CIIiiliCd, LI1slg the aine es atIIatoII lrocesS: iliy are then 
tested througho ut the region for possible r leasc by national 

> programs. 

TIh specifiC Obljdctie,'s oi or Stud\' cai be stlininari/ed thus: 

* to identifv and characteri/c phvsioloial mcchilnisnils and 
> colllponcill trails cotlributing to salt tolerane tIllnder 
17" SaIhliji climatic colditions 

Ioo)determine the sall tolerance tf materials ai(lapted to tile
Sahel ian clinmate 

m to ileniily nes materials bearing cc Jlponeiit trlit. for .sail 

tolerance for une in I, brhditiic0 

laterials and met hods 

SC Starling in iiid- 19t), two crops wvere planted annually Lit the 
C N'l)iaye L-n i Ia ctitilOtl, salini trial. All11matiLalsl, 

IJ (27-34 rice genolpe s per Sealson) ke int roduCt ionOs: liIlf* 


were adat:ceid selections froii W,\RAI) 's Salel !rrigaud 

Riu' Proiaii. and altf were clecks or selections lriillian 
inlial e\altialitii Jintries froin eteIrnal sail tolerancenursieC~illli hwllr atClptd arietiesI ',Lil P I antMIKPnur,,eSriCS>. The ]txCAk] iidal,_XId aili+, I Ktoll< Paot OIP) aidt 

IR 31785-58-2-2 served as local tolerant antI isceptibfle 
chLcks, repctivels: Pokkali and IR 28,' scrved as the 
internatioal tolerant and susceptible cleck,,. respectively. 

Sceedbeds svere established in iid-Februar\ (hot-dry sceasll) 

aild late Juhl (\et sCiiSJl). Each treatmnt (irrication with 
fresh \alcr, and irrigition with Saline waler \viih nillE(" of 
3.5 iiS/c ii %as replicalcd three tiilics in a randoni ied strip 
plot LCsign: 3-4 hills per sariety and plot %weretranlsplaited it 
a 20 x 2(1 t-il spacine. To achieve .falini/alioii. eualioratie 
sLIlt iresidlis sCera piCd iloni ne arh, (Oil \%C[tradded t i a cliay 

' w'ate'r reservoir. Floodlwater E{ as kept constanlt during tbe 
Season. The Soil N5as a heavy. sligiltly acid Vertisol clay 
(percolation < I nin/day). Initial soil Saiiples w\ere takeii 
for each experiiient. Topsoil SIaliii ' djitilded Ot lie 

treatment but the subsoil had natural Salinity. Rotsis and 
shoots were sanplediat IL-dlay inlervals ilurinCsectaiVC 

row'li to deteriiine drs iiialter alld iiorphoihlgy. Sampling 
for ]cal positions. stem seglilents and roots look place ill 
the late \ egetative stia tor analysis of' K' and N*i content. 
using acid extraction aind lliiie photometry. For selectet 
varieties, pre-noon imeasurcients \ ere made of leaf nlt 
photosynthetic ratc, stomial resisiance and intereellular 
CO, ( ilceneitration (Ui) usilig I portable infra-red gas 
aialvsis syvslteI.Leaf walr potential (IWP) was measured 
by pressture proibe. Yield and yield components were 
detenined froii a 12-hill Sampnile. 

WARDA's salt-susceptible ch-ock variety, IR31785. 
planted alongside anew sail-tolerant entry in a salinity trial, 

NDlace, Senegal, 1992 

The yield response oil IKPI to various salinity levels ,I.as 
'ludied in a separate Irial. The impact ofl saliiiity till paddy 
yields in lniersll1 trials was Smil;.lhd fron1i yield su!y\'s Lnild 
corresponding 1 ic IItI ts 0)'f1 Water ill iirrieati ontUI5i i\ 

scheles adjacent to the N'Diaye farot. 

I a coiplemtLary study ssith lie Jniersity o' I laiMburg. 
Pokkali. IR 28. IR 31785 and IR .50 were grown in growth 
clalmlbers alt 40( and 75". humidity anld atdifferent levels ofsubstrate salinily. "omatali resistance \as measire. 

pOirolletric'aIll aId el0waler poJtential (RWP) by pressure 
probe, applyiiig a prestile gradient betseei tihe root and the 
sitemi ba.se. Xyleml ,;I is ;illzt tra~cscit'dtB\

saS analwei for abseisic acit (ABA)
cottent bs raio-iltliiiuii)0 ISSy. 

Results and diiscuss ion 

I/e'li d\c/vnwmico. lliiV (l uoptimld oi ice 'ieldd 

)servations on farmers' fields. The irrigation water 
available to tios t sche ues inlthe Senegal delia islow in salt 
(.(15-0. 1 IS/cmnl EC). E\aporative residLs and the capillary 
rise of*salt betseen crops, hov ' recan C.aildto sIlt aeCClllnl
latin in thIitopil con sidtieet C\'n IItdier cOIIditiIIs tiont 
saline, making it liecessar' to lhush lieldds at the onset of each 
saclsoll. The EU of esacuattli'd water c.aii reaChlu 18 inS/cnil. With 
the saline crust reiiovetl. \s aler salinity remalins ileoderate 
(typically. (.2-!.5 iS/ctii EUC) in tile ltihtW\in seiso.n btit 
IIhlluates conlsiderably o,ld can r:ipidly become crilical tinder 
losw \ater conditions. !,i tile delta. sea-boriie salts in the 
subsoil montrib ulC to tIopsoil antI water sa liil i ll t hot -diry 
Season staglianlt water accuutlates sal.solctillies raising the 
irrig ation water EU to over I nS/cm/s. The miajor cationts are 
Na (64-721 1. N I' tI )2(" and (',I * -*' I: the major 
anions are Uil (>8()f I and SO (16-1J(, 

ar 



A SIIVLV Oil21) l".itrillrs, ficlIS inlan irri 
tl+N'4lia\ c fin;lurhrg the" l9.2 hot-h-r, 

.tion ,,h,.i;litr 
season,'hdic;tc. 

\\c't, Sa%ihtiics Ic'tLI i 9ILl ,hov,cidsic';iticaint (I1< 0.I5) 
rcdl!tiio;ns in yici'ldC imrcd \,ihhtlilc CointrIl. This ,at, 

Siul'itica.nt Vicl rcduttion, ifuc to tcrI ,%ifi it,it th ,:Zausct b\ Sikclct sicrilit, antd icotIplete ran; lilin,. Tiller 
licadin- ,taec. The \an ,ro\,.iis ,asJaNa. high i.ding. tut 
sAt Sustepltiblc. Although the FU w,,s (.7,%;-2.7,3 mS/cm (only 

.. Ln.. .l. \\i',+Si ttinl utll'CCItl.()Ill\to i cii'01101ki ,Ii 
SiUnilic:MItlv rcutLccLd dr,' Iilttcr. lhc ntiMhcr oi pikcilcts pc r 

.I, 

iil) to hallthic level critical for ricc ini m wiosonal A,,i.ih ,ieldeI I nicic ,aIrIICcdNcc in flor uultisarIs...l. 
5scrVrdtltcd IIahotit 1.4 i/ha lcr unit of I " AIt)). L.# 
Yiells raligcld Irom lR to 7.2 t/Iha (man 4.7 /i/a. INpicat of' 
the ticlta). ( t'cr iCtIrS rCS1OpSihIc tor 'ild iductions \ Cr', 
N f'cr liIIcrI ratIc x 1)p1it 1)'< 0tI5111(and sg- C tv\ w)Accd(IS4 

1P< .t() I R of iiltiplc lincar r erSSio I1 .76. \v'ith + 

Olservtions on experiflental fields. In ivicld trial ., . i.
 
COrIduCtcd nltilc I99I hot-tlrs Season !o determiine the impact ~
 
oI salinit, . IKF'\ as llatcd ill15 nodcratcly salinc plots
 
(nicanI topsoil lit"
2.1 m.S/_n and pIt 4.1)anld sIujctct to 
dilTcrcnt irrieation/drainaec frcluci c i s. Nutrient rcmoval 

*tlin lii. 
150tke N/ha. triplc split hw. Iliod\atlicr F+(varicd hctsccn 

thlroi h di+.*wii. \Nai' luitCL h\ li N diosagec 

1.0 and 2,).8 inds/ci in thce v'etaI ac Stagc. tlpcnldioilon 
\,d r geinc.llic+ f 1.21. aIand -radnall 'ill, lllat 
ti'i,crlni. lIuc to da-iodas tluo'tutionst iniclthili Tlhodatcr A 

(5-12 in). himosscvcsr dai Is lIvcls oscillatcd hw about 5), 

(iran iclIls (4.0-).7 t/ha ) ,_'ls, C IIerc Iicegati corrclatcd witI 
ittil rcproductic aec (P<0.01). ,\n incasc in HC Iv, 
I 1i11S/Cil N\, iSS ,icItcid ,sith a 1.5 t/ha dcc'iIlC illsiCld: nill 
IT of' ibou 3 iS/ ,ictlS by 5)1 . The tect of*/CillCd 

grcatcr ill 
tarlis, tields than that reportcd lron; nhore humid Asian . 
tcn iio nlillclts,csii Illa. 

salinity onl yicld w'as nil,.i this study and in ilcarh' 

Su hat cliiniatc Inollaitc tile 

phvsii;Iocicalreported oreacrctfcectsvkarietalot .saliiiits.salt tolcranceIndccd, researchcrsfhc \ l thanat inlIRRIill the
 

The relationship hctkcci; \icld and salinity obscrved ill Aborted and degraded spikelets, typical of salt injury 
ltarnicrs 'Iiclds and the cxpcrimcntal ticids ilndticatcL that1 thie inrice under Sahelian conditions, in a salinity trial 

+
mar i l olerahlc saill CiOlnCcllrtri;iOnS in Soil ai Wa.iter i, 	 at N'Diaye. Senegal. 1992 
narrow inthe Sahli. UI.ndc r poor water miI1anageimlienIIl, .,alinity 
can rapidly bccom critical. cven in a soil classified sit 
ri,o-,salinc. In the I992 hot-drv seaso,;. saliiit' had isimilar c1"1c' on 

spiklclet Icriilit (-381 forIall cultivars) aind grain fihling 
Ialriwtal/IrwrfmtlatWo 0uii'('tt' l tllo-trh .t'US+i.XI. (-27%, ) total dr\ niatter was also sinil'ica;tly, ilucCd 

(-37('(). Inonly t1\o 'tiltivars \ere tiller ani pIIicIe ntinhcr 
r.tcdLCtl. IhlOlOplh)lI CoionII 01' 'O~Llg, 'lll\ expII.ind( ILci\'V_,S


Wc studied tile responilso of 29. 34 and 34 ciiltivars to saliiiity 	 rde i 
at tilcNeteaivc tauc iiS lencrall Ullaltcctcd. and vi. ihle,in the 1991 wet scason, 1992 hot-dry season and 1992 \wel
 

scasion respective ly. [Floodtwater FIC" ,. kcpt al3.5 niS/clll Iinjur'y i cretOic i on cp a ] Icl .
fltich eaI diSCtd ti flre i 
to indhice severe butl non-lethal sitrcsS. Mean yields inthe 	 howlever. tIcie natcdsalt-trc plants deIecciated rilpidly adid 
control trcatmcnts cr' 723 g/ii2 in tile1991 \et sc o; :nd 

-744 gi l in the 1992 hot-ifrv season. SalinitY rciluced yield. c clnPIciclYiistoforcd at anthesis. 
by 4814 and 54 / . respect ixclv, reflectig inildpendei Varietics sollo iiiti tal iid eceirall Ionsistelitt 'ed Si 
observations hi ields and other e csperiniental fields, sil't ' s sarm ers' 	 r.nc es i alt .7raic ac o'.IIo\,,ever, 

I
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coiparison %sith data from other 'Asian ) 1aniromnient-

was difficult due 1t the rinTAlo1u, perfirnitance of' the
 
internttion chtl-cks IR 28 (suScCptibl) and Pokkali and
.I.the 

Nona B kri (tolerant). Bot h the tolerant clieuks slh0\wed 
salt-induced \iclu redu,:tion, of o,er 5(1; in 1991 cotipared 
to oinh 3k , for IR 28. 'liev ls)o Slh.\ed \isible sal injury 
s saealrh (Pokkali) or,uch lItf discoloration and rolln 
curling (Nona lokra). Their usfCt'ulnCs V,as furthcr redwced 
h\, the long duration of' the hoi-dr\ ilson due to 
photloperiodisn (Pokkali and Nona kra) and h\ high 
,spiklctstcrilir\ under hot-dry conditions f IR 28), even inthe 
absence of sal initv. 

The local check IKP sliosled consistently !ood perloriancce 
under saline conditions, as did some mterials which had 
rt cCCillI been seleCCctL for the Sahel. iiiClUdiig IR 4630-22-2, 
"2 uan 5C. ITA 222 and B1W 293. Ilos \evr.a proiising3-
short-duraltioln. high .,iclding line tOR 3 17 5-5,-22-I ) ith 
superioradaptation to irid C'onditions clcclv-;ls 


susccolile at all grosk tIhstiges and bItr both growth and 
rVlidultive processes (spikelet fcrtilit, and grain fillino. 
The niorpholouical siniikrit, of IR31785 s ith niore 
tileran! entries such a,IR29715 41)-3 2-3 su,+gests that 41alt 
toleralric udeiler arid conditiot s prothabl deplns onil 

pihrsiological traits rather Ihan miorphological plant type. Thi.. 
observation sLugests Ihat there may be substantial diversity in 
sall tolerance aniotg the high yielding. short-duratiotn 
inaterials. 

tII.,i/ o /l:I/r J liC, oi 

physiological cmponents of salt tolerance ' erc 
investigated for ti\C cuhi\'ai ,il the 1991 %Ict s ,lsol and the 
I992 hot-dry season: IKII (beal. grdown. salt-toleratlt 
jpoion alelli\+;ular: inioderatel% till. traditionialPokkoi 
cullivar \sith superior sh-ltiolcrance in n ntsoonal Aia): 
IR 5) (inproved. noderalei salt-tolerant ,indi Ia cutis'ar. 
well adpated to the Sahelian climatet: IR 28 (1iinroed 
indic( cultivar. salt-susceptille ii nionsooital Asial: and 
IR31785-58-2-2 (iiipros Cd ku/i, a cilaltiI I rJ ell adaIpted to 
the Sahelialn climate I-ut \tremC',0 salt-sUscepliblC). DuC to its 
consistent \icld rntonuciion, h\ at nUidcr salinebsl st 751 
cotditions oscr thece seasols. IR31 nowMiS, used a.1s 
WARDA", susephlc cheek: IF is the tolcrant check. Yield 
data are prcstnted in Tlabl 

Cation uptake irundistribution in the plant. Sall st[ss is
partly a nutritiotnal stress bcause of the physiological 

displ'acemncltlof an essential clement (K)bs a chemizcallv 
similar but physiologi:allr funetitimlCs element (N,. 
Selective uptake oftK h the roots, or rol llof' Na froli 
tetabolicalls lctie tissues, are therefore important 
cornponteis of' salt tollerance, etnahlingia ftaoraHle K/Na ratio. 

The highest K/Na ratios wvere l 
Figure I ).NO diffcrcnces wcrc lovind betmeen upper ain] 
lower segnletls oil the same Ical'. o%5cr K/Na ratios, ill 

' 	 'tnl hivtoung lecs, (S'c 

The 
1992 \were probalily (ule0to greater transpiration aiild ths 

Table 2 Effects of salirty on grain yield (GY), harvest index (HI), spikelet sterility (SS) and dry weight of 100 filled grains (100GW) 
in five rice cultivars in the 1991 wet and 1992 .ot-dry seasons, N'Diaye, Senegal 

Gy Treatment fIt Treatment 
Entry (g/m) effect (%)a (gg) effect 

Wet season 1991 

IR31785 126 -80' b.28 -36' 
IR28 394 -31' 0.53 -11 
IR50 336 .38" 0.52 -18 
IKong Pao 486 -27' 0.47 -27" 
Pokkali 142 -49' 0.28 -67' 

Mean 336 -44 0.45 -23 
(excluding Pokkah) 
LSD 5%) 145 0.06 

Hot-dry seaon 1992 

IR31785 74 -86' 0.17 -68' 
IR28 200 -59' 0.22 -40' 
IR50 287 -62' 0.36 -38 
IKong Pao 471 -43' 0.42 -33 
Pokkal, - -  -

Mean 258 -52 0.29 -45 
LSD j5%, 137 	 0.09 

Note: 	 a Relative to control 
b Pokkali did not flower inthe hot-dry season. 1992, due to photoperiodism

P<0,05 

SS Treatment 100GW 
N effezt(%) (%of control) 

70 +57" -36 
27 +9 -11 
32 +15 -18 
40 +29 -25' 
41 +12 -14 

42 +28 -23 

13 

79 +55' -44" 
48 0 -24' 
47 +25 -31' 
31 +16 -33" 
- - -

51 +24 -33 
16 



Figure 1 Molar KINa ratios in five rice cultivars at the vegtative cultivars had almost identical molar concentrations of' Na and 
stage under irrigation with saline water K combined. Differences. therefore, were due t1 ion select- U 

ivity in uptake and transport in the plJant. IlIR31785, salt

-IFPokkalh LSD (5%) upaeaedn with por selectivity of cation7 	 susceptibilty waso:associatedovoealKN ratio, and an inability to 

-A IR50 1991 wet 1992 hot- maintain high K concentrations inthe first and Second lewes 
season dry seasonIKon2Pa L1 1.70 0.72 which produce most of its photosyithates. 

CU ~n aI Ko78a L2L2 1.481.48 0.360.36 he physiological lunctionH of Na and K accumlation in the 
5 - IR L3 0.21131785 0.69 

L4 0.18 - stem. particularly its base, requires further resefrc.h. It isS 0.25 0.24 1ik)ely,h.'t the stem base con!ainis much K' at the center where 
4 R 0024 0.14 the apex is 'ocated, and much Na+ in the peripherN consisting 

Ll L4z leafpositions in
 
3 - descendinghdea
stern 	 of'sheallh bases. Jon relationships ilithe apex may beS and leaf sheaths 

Rroots 	 important for panicle differentiation, and perhaps explain theE 	 ________ 

frequent appearance of nialfoniied, feathery panicles under2-
 saline conditions.
 
r2
 

Leaf gas exchange and water status. Leaf water potential
1T (LWP) and gas exchange were measured for five cultivars at a 

late vegetative stage. ILWF'was lower (not significantly) in 
0 	 salt-treated plants by about 0.2 NIIPa CorllpalLd t lie controls 

Li L2 L3 L4 S R Li C' L3 L4 S R (se' Table 3). The check IKP had significantly lower LWP 
1991 wet season ;992 hot-dry season under both saline and control condit:',tns cormpared with 

IR31785. Low LWP therefore did not necessarily rel'leca 
high level of stress suffered by tileplant: instead, i,might 
have resulted frorn osmotic adLjustment.

greater passive uptake of Na. The cultivar IR31785 had low 
K/Na ratios, while Pokkali had the highest, followed by All cultivars except IR50 had greater stomatal resistance ill
 
IR50. Under test conditions, a high K/Na ratio was probably the stress treatment. This was associated with a mild
 
essential OR 3 i785) but not sufficient (Pokkali, IR50) for a reduction innet CO, exchange rate (CER) and Ci. Midday
 
cultivar to be salt tolerant. correlations between stomatal resistance and LWP indicated
 

that stoni atal sensitivity to LWP was almost identical and
With fresh water, all cultivars maintained high K and low Na unaffected by salt treatment for all cultivars except Pokkali.
 
contenis in the leaves (see Figure 2 over/ea/). Great quantities The stomata of 'okkali 'vere mow,sensitive to LWP, 
of both ions were accumulated in the stems, particularly ini closure occurTing abruptly at about -I.O MPa (salt-treatcd) or
 
!)92. Salinity dramatically reduced tissue K content in - 12.5 MPa (controls). Salinity therefore increased Pokkalis
 
IR3 1785, the reductiot, in K uptake equalling the additional stomatal sensitivity.
 
uptake inNa. In Pokkali, Na content also increased but did
 
not significantly affect K content. All cultivars accumulated Comparing gas exchange (see Trable 3) with cation uptake
 
K in young leaves and Na in old leaves, and high aliounts of" (see Figures I and 2), it seems that varieties with high K/Na
both in the stem base. Within a treatment and season, the ratios also had high stonatal resistance but lower Ci. It is 

Table 3 	 Difference in leaf water potential (LWPI, stomatal resistance (rs), CO2 exchange rate (CER) and intercellular CO2 concentration (Ci)
for five rice cultivars grown in the field and irrigated with fresh water (FW) or salt water (SW, 3.5 mS/cm EC), measured 51 days after 
transplanting, N'Diaye, Senegil, 1992 hot.dry season 

LWP (MPa) 	 rs (s/m) CER (pimrol/rm0/s) Ci
Entry FW SW FW SW FW SW FW SW 

IR31785 0.54 0.78 30.3 58.5 28.2 23.0 289 268 
IR28 0.66 G.97 30.0 54.4 27.7 25.0 281 269
IR50 0.68 0.87 30.0 26.747.7 	 26.1 272 257
IKong Pao 1.10 1.36 40.3 	 62.8 27.1 26.0 267 243
Pokkali 0.95 1.12 52.9 74.2 19.3 17.6 258 255 
Mean 0.79 1.02 36.7 59.5 25.8 23.5 273 258
LSD (5%) 0.38 20.1 	 4.6 23 



Figure 2 Concentrations of K*and Na' at the vegetative stage in various plant organs and the means for the whole plant in five rice cultivars 
irrigated with saline or fresh water, N'Diaye, Senegal, 1991 wet and 1992 hot-dry seasons 
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possible that greater cation selectivity in IKP and Pokkali was 
due partly to greater water-use efficiency (WUE). Generally. 
WUE is negtively correlated with Ci and permits lower water 
consumption per unit oflgrowth. Lower water uptake, in turn, 
is likely to reduce the proportion of cations passively 
absorbed by the roots, vhlhich may explain the high K/Na 
ratios of Pokkali and IKP in the past. 

More research is needed on root ion selectivity, osmotic 
adLjustment and WUE, particulhrlV for improving salt 
tolerance under conditions of high evaporative demand. 
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Interactive effects of dry air and salinity. There were 
significant varietal ditferences for ion uptake and selectivity. 
hut they did not entirely explain the variation in perfonlance 
tinder saline conditions. We tested the hypothesis that dhe dry 
air conditions of' the Sahel require additionai traits for salt 
tolerance. 

Arid conditions are associaited with a great evaporative 
demand and, thus, high transpiration. The tendency of Pokkali 
to develop gre:ter water deficits (in terms of LWP) and close 
its stomata more readily (in terms ofstomiatal ro-sistance) than 

I
 



other cultivars suggests an involvement of water stress. Two 
morphological traits were probably responsible for this: 
Pokkali's height, which exposes it to hot-dry winds: and its 
comparaiively snall root system under experiniental 
conditions. In control plants, tile root/plant weight ratio 
decreased ver time (see Figure 3). In tile semi-dwarf 
cultivars, however, relative mat dry matter remained constant 
throughout the vegetative stage: the roots probably used nore 
energy for osmo-regulation and replacement of dead roots, 
leaving less assimilate lr soot growth. Pokkali's low LWP, 
smaller root system and more rapid senesceice suggest that it 
is particularly sensitive lo water stress induced by dry air. 

Root-specific weight (an indicator of root porosity and, 
indirectly, the radial resistance to wvater flow) was generally 
unitorni (0.75-0.M gig). Mean root diameter. howcver, was 
12-141/ smdller (P < 0.05) in the saline than in the control 
treatment, regardless of variety. Root diameters of controls 
ranged from 0.98 mii (IR 31785) to 1.4 mn (Pokkali and 
IR 28), showing no link with sall tolerance. 

Figure 3 	 Relative root dry weight and dead leaf weight during 
the vegetative stage of five rice cultivars irrigated with 
saline Gr fresh water in the field, N'Diaye, Senegal, 
1991 wet season 
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To obtain further c 'idence of Pokkali's ury air sensitivity, a 
phytotron study was conducted with the University of 
H!amburg in Gent:ay. Pokkali, IR 28, IR 50 and IR 31785 
were subjected to dry (4,);' RI I) and humid (75'/ ) air, and to 
saline and non-saline subslrates. Pokkali's stomatal reistance 
increased threefold in the dry air (.''e Table 4). 

Table 4 	 Effect of aconstant level of air humidity (RH) on the 
stomafal resistance (rs) of tour rice cultivars grown 
under non-saline, controlled conditions, University of 
-lamburg, Germany 1992 

rs (75% RH) rs (40% RH) Relative 
Entry (s/m) (s/m) effect (%) 
IR31785 76 183 241 
IR28 113 245 217
 
IR50 135 213 158
 
Pokka:i 97 312 322
 
Mean 105 238 235
 
LSD (5%) 51
 

For the same four cultivars, a hypothetical cascade of
 
physiological parameters affecting stomatal resistance was
 
analyzed:
 

I soil solution EC 

W3 ABA concentration in the xylein sap 

4 stonatal resistance in ihe leaves 

It was assurmed that EC affects RWP (steps I to 2), RWP
 
induces the production of ABA in the roots and its release to
 

the transpiration stream (steps 2 to 3), and ABA is transported 
to the leaves where it induces partial stnAatal closure (steps 
3 to 4). The theory was that a root signal (ABA) induces
slomatal closure. For every step for a gi%en cultivar and level 
of air hniidity, tile physiologically dependent variable was 

linearly regressed against the hypothetical effector variable 
(see Figure 4 overlea./). For easier comprehension, the slopes 

of the relationships (correlation coefficients B) were 
expressed as the percentage of the varietal mean: a higher 
value for B indicates greater sensitivity. 

Most correlations tested were highly significant (P < 0.0!). 
The response of RWP to IC was similar for tire four cullivars, 

dry air slightly enhancing it. ABA release from the root to the 
xylen was little affected by RWP in Pokkali. The apparent 
stonatal response to ABA, however, was strong, especially in 
dry air. The overall response of stoniatal resistanLeto ECin Pokkali was greater inldry than in hunid air. Assuning 
that ABA mediated this reponse, Pokkali's roots produced 
little ABA in response to salinity but its stonata were 

-W Prekkalh --	 IR28 -- IR50 -V IR31785 -0 IKong Pao highly responsive. In several ways. the salt-susceptible. (fry
air-tolerant IR 31785 was the physiological opposite of the

I 
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Figure 4 Relationships between physiological variables forming ahypothetical cascade of events from substrate salinity (EC) over root 
water potential and abscisic acid hormone concentration in the xylem sap to 3tomatal resistance, WARDAiUniversity

>of Hamburg/Institute for General Botany, Germany, 1992 
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salt-tolerant, dry air-susceptible Pokkali. In IR .11785, the salt-sensitivity of IR 31785 and thle unexpectedly poor 
etl'Vcts of EC on stomatal resistance were small and perfoniance of Pokkali under saline-arid conditions: 
unaffected by air humidity. Iligh ABA release rates in 
response to salinity %ere not reflected by stonatal resistance, IR 31785 appears to be a high-transpiring cultivar with 
probably indicating that the stomata of I R 3 1785 are poor ability to regulate its sto1atal conductance under salt 
insenstive to the root signal. IR 28 and IR 50 were stress: high transpiration combined with poor WU1E may 
intermediate in terms , be responsible for high salt uptake and a poor K/Na raliooaplarent stoniatal resistance to root-
borne ABA. IR 31785 differed profoundly from the other 
cultivars regarding its comparative stonllatal insensitivity to Pokkali had Superior K' uptake and. probably, WUE: its 
salinity in both dry and humid air. height and snall root system, however,probably caused 

water deficit and poor piotosynthesis. Illowed b.early 
The University of Hlamburg results help explain the extreme senescence and poor yield under dry air and salt stresses. 

M
 



( 	 onem'nt trailtx/r.u! hnl('Uiral, fiid'r aridcuolitiomx Future research 

The lollowirg morphophysiological traits appear to play an Morph o-physiological nileci an isMs cxist thiat could inprove rice 
U 

iriportant role in salt tolerance in rice grown under arid tolerance to combined sall and dry air stresses. (ienotypes differ
 
conditions: 
 strongly in the expression of these mechanisms. It wil therefore 

be possible to identily a number of key component traits for
 
" high K/Na in tile whole plant 
 breeding. WARDA' s physiological research on salt tolelnice in
 
" 
accumLulat ion of K in youllng leaves and Na + in old 1993 will have the tollowing ohzecti ,es:
 

leaves
 
" high root/plant \'.eight ratio and probably short stature • a detailed cliaracterization of coliponell traits, particularly
" 	 high WU E and efficient regulation of transpiration in those identiftied in 1992 but not yet clharaLterized
 

response to salt stress 
 • 	 th,- development of screening tools 
" 	 high tolerance of reprod uctive organi s to hot, dry Winds . tile ini,,.iIication of collaborative research on reg uhIatory
 

and water dleficit 
 mechanisms 

Some additional Ifaclors which may be related to combined The salinity trials described here require little modification to
 
salt and dry air tolerance req uire fuLirther stiudy: accomnodatc a larger iumher of genetic materials. Traits related
 

to K- and Na* uptake and transport can he screened rapidly and
 
" the aCCl11111tiion of K' and Na + in tile steri base and leaf 
 cheaply. (;as exchange lleasLrenrents, however. are expensive

shcaths and tedious, and will be replaced by two methods better suited to 
" 	 ion relationships in the shoot apex mass screening: renmote, infra-red sensing oft leaf/air temperature
" oslliltic adjustmreit, particularly in the roots differentials to estimate transpiration: and. ri collaboration with 
" tile importance of horional riot signals in regulIating salt external partners. i'Mas Uremen of t 'C discrimination to evairate 

;tri(l water uptake WUF. I)iallel crosses aiong selected parents will be perforiied 
" phlat leafiness and continued leaf'exparision after full in 1993 to deterlrmine genetic parameters of coniponcnt traits. 

eiiirgence of lthe terminal (flag) leaf. Baised on tlie genetic irlormation, a breeding strategy will be 
torniirlated. 

Leaf growth patter ns may he particularly ilportant for salt 
tolerance. After a pe riod of xOd tol craice in Iliid-seas on. WARDA will coitiniue to develop its integrated approach to 
plants rapidly developed salt inijury once tile last leaf' salinity  breeding for high yielding varieties tolerant to 
generation (flag leaves) had emerged. I laving no salt moderate salinity in an arid climate and developing plot-level
excretion mlechanisms. cultivaled rice has limited scope to cultural practices that econorically and sustainably control soil 
shift salt w ithin tile plant once vegetative growth ceases. degradation and salinization. WARDA is currently'addressing 
The conltinued presence of tissues w',here salt can be diriiiped the latter riainly agronomic and socio-econonic issues iti 
after emergence oif the last leaf generation, and a collaboration with NARS. An in-house agroinomic research 
late-senescing flag leaf, may be essential features of high capacity f'or the Sahel vwill be developed and collaborative 
yielding, salt-tolerant rice varieties. research on cropping systetis will be strengtlhened. 

m
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C Upland/Inland Swamp 
> Continuum Program 
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c11tliiliiUn rice gro\, illg 

co-.ers aihoul .42';ot fltal rice area in West 

Tilec environniet l 


Z fric" arld ;ICcOliis for 75(' t regiomnal 
[ Itconsisis of svceralproudiuctioin. 

connyigu ous ecos\ stenis \\here rice is griv,li 


in \k;+r11 suh-it1iid ind hulid IruOpical 

conidiioils: iheuplild rainfed ecuuis,.vslcnn 
here rice depenkd 

raitkill for soiil inoislure: ie hleiudrniorphic 

I571; I %% entirel il 

1her: iile 
silthin Ile crop' rooti/on ilkey gro llh 

S pcriod,,: ilerainfed ecosstlern or inland 
%all'\s (20'; ihere rice isperiodically 

,--. flooded: il thle irri ' aied 1I\k larid 
ecLos'llli 5' )where there is a hich level 
of k IBciuse these ecosvstelis 

eco,\ steinI \ \kaier taible is 

\rertcolnlrol. 

ar' in ,pace and littie
as, a1funtion of' 

'c local ratiniall. precise esiiiats o) 
.Iullivaled areas and productlil are toi[ 

available. 

1inI992 WARI)A completed at 
cornrprehlenrive review%if research lil rature 
urnrice iii West Africa. lndertlken pal lv it 
identif' and prioriti/e m anl.in physical 

and hiolunital constraints ti tlhe 

sUls;iinuahle intrensiftication of, rice 


prurtuctionl. The rce ess sli \n,.dthat the 
imain conIraiit, iitilupland/ 
hydr nilorphic ecos\slern are droLiht 
stress. lo\w soil fertilits . acidits and erirsiour. 
Ilithe lrinnnorphiic/hius larli ecnivstenrl. : 
ctlluiples ill' understrid soilp[il. 
cioinditi,.:,,ic li-,s ,dillirunl aid
i in in. 


IaiLaiese ils .ii.ire itfIcri critical. 

Mainur hiolhgical stresses cornllnllllii irth 
eciisvstenis are \eeieds. hlast. leaf scaid. 
bro%% n',[lot and insect pests iilailv. seinl 
borers and tinestalk-esed flyn.Ipteitial 
tnainir threats tirice production uinder 
lvdirirnorphic/s%% airip cirnditons are rice 
vellus nottle virus, unl1ique tu Africta. ain 
tie African rice gall lrlidlge. localAlith1iugh 

rice varieties are generallv %% adapted tIell 

hiv-inrpui .Vternls. tilst of tlheir have 
llrdest yield potential and prior respiionse to 
improved inputs such i'fertili/ers arid 
insecticide.. 


The goal 1i11te uni Prograi('uittin Li I to 

develoip technology optirnrs suitaible
f r
 
resource-poor larnnes making iretransiiiti 

flronextensive Ito
intensive croppig 
systens. These iechnolgies shoulil ie 

socially priolitahle. inililli/ tileise of 
rarm esoure + and iim*rchlied excsicr alhe ICChirica;lkilnptls. Silisiiiiihle, iiiiIIi/e 

eniiinieital degradation. Icainielihle to 
the increminticial n
ldopiullf iek 
ecliiilo.v cotlileiils.illd niniini/c llle 

iced fur minir charne.s ill suciiI helha\ liur 

adl in',litilltillrrilecilloeies hic
,,. \ ill 

dcsigncd sshiih Urihlariers to shille 


trm fragile uplainds iisard', iiicknsi\C 


ctltiaii ofillore ro ust flund ipes tcross
 
thle plariiciilalk lile
c0ntiliMiiur. inilnd 

vallrl i hIre rice h ,a sitrongecuis'sseiis,. 


cninliharativc ils allaue. 

IRJt'(T I: CIIARA(lT-,AlION f -
RI('- ( IR()WIN(G ECO'()SYSTE-MS 

The goal uif the characeri/a itiproetl is 
Il ideintif'y aid tlUantilali\ tl ssesstIre 
iaiir Iaciotrs atfl'ect liorice proiduction 

ote cilt ilunil. The approach is Iwofld: 

first. itodeiermn ine the mrajor produtiction 
sstens (inlacro-le\ el chlaracieri:itio): 
and second, to select represtllative key 
sites "\here imore iintersisne li\cinioslic 
research cilihe culilticted on tile 
soils. h\ drlhug2, cri ippirug + tents ald 

socio-ecn uluollc deter1ririninuflacltor irverall 
s stei prodtuis itlinicrr-levelil 


clnaracter/atrnur . 

i A 

N 

I
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Macro- and micro-lci char'icierization 
of rice ccos~stcms
A. .,ldc.saoi 

IliI9)2 a iiicro-levcl chill'a'l.li/catillof
 
tie Iniior rice lriciir svsIItls in (l 

d IviuirC " as toilclieie. Tlre stud\, vIhich 
hLceaiil ilmIid- INl0, uSCdI IipidI rulall 
alipriisil liuiL aiid siuciii-cilluulilit 

criteria toclassifI'\rice sstem
 

The area tinder rice i as'estiield t0 he 

albltri 3.) 0t0 lim.. A iiuip I oI tP0) lii1
 
ithe area si',s
de\ eloped and lie disrihnilul 
of 10 rice prodltion0 Ss k a,define1dst+ellns 

iltile bisis of a1ri-ecoloic+Will /ontes,. loCal 

hydrolog., e!lhnicit, lind tenure, rie 
productioin othiecti use iillderles. il" 

varieties., enLder on1rice e.elirilie 
and !:1Llce ineilhodil arid iltercroppii,, 
paltern.l Tie I0 proiluction s\sneulls caii hlle 
grouped inio si\ inaijor rice ecos\ slellis. 
The irrupros ed uplands (17.21 ( of lie rice 

tlre s ailalll.tie 

futirher divided iio Illuise lulls 

area). fiiuid il, ill call 

%\rich ir 
tneClnani/ehLa id 0 uSe %shere aiiill 
tractiin or snall 25-3) lipHnou\er tractor,, 
are used (.\i,'lahle 5.
 

l:ollo\ iret this,, nlar-les el characteri/altlirl 
Istld.\.
Zllinterilediate ctiaracteri/ilturn 

stluds \kilcolIlucIed. RepreSciatli\ e 

-'T 

..
 

...- .. 
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Farmer planting rice under the low-inpul management conditions 
typical of much of West Africa 

____a_____hofWet____ 



- -

--

Table 5 	 Area under rice in the six 
major rice ecosystems in 
C6te dIvoire, 1992 

Area %total 
Ecosyctem ('000 ha) area 

Upland (traditional) 1873 57.0 

Upland (improved: animal 
traction or small tractors) 49.3 15.0 

Upland (improved: fully
mechanized) 7.4 2.2 

Lowland (traditional) 49.5 15.1 

Flood plains 10.9 3.3 

Irrigated 	 24.4 7.4 

Total 	 3288 100.0 

sit"sere selected for inore itteinsivC 
,erlical characteri/altiin. using satellite 

pictures aitd SPOT iiiges cunimpl.etlit, 
I,\on-hi.,-rroUlld \crificatiuin. A ratge 't 

physical pariiclers (includiiig gciiloyv. 
ht\lrlhug\ . lmmirplilo\ aitld Cilimatet \rC, 
thein usedtohselect thrcc k\ ,ites. (Gaimoa 
and D)utkjruiu. 	 Iiuitih-10r. /title) aiid 
Iinimiililj ((4iiiea si3\ Utit/ ie ).I)CtUilCd 
Itiicrii-Ic'\ el claractli/aliiti studies, bio
pIh sic land suicii-ecoltiliitc itthe 
%SatieCrhMd l'ielhl les els. are beigi 
ciimmlucd t these ,ites. 

IR).hli(' 2: ('ROPPIN(; SYSTI+MS 

I deselping ti's rice produion
i i n 

tee hhitihb ies. itis nce',,ssarv to 1un sider tme 
crop ssithitic t.e oitttof the ratge if 

agriclturaml act iv'ities perfrlrued by rice 

arnling hoLIseholds in West Alrica. 

includiig cIltivating ither crops anl 
raisiitg livestck. [lie desigit t appropriate 
tcchnolog ies iiitust also take accornlt of"the 
resource, aiditbJc cves of rice lantiners. 

Wil increasin, detnograp hic pre, ures in 
the region, farling ',ltellS LnmdergoingMe 

intensificatiotn. The 2rcatcst pressurc is in 
le up hld s,svlher e th ere is,leat p,t eit dtin 

inaintain sustainable intensive rice 
c'uhivalttu; lalho% periods,, vitalill 


tmaintaining tie producti%ityO 1110'st 
uplaid systens. are being reduced. In 
eot rast, te iniilad vale\vs. \khicli caon 
sustain cilinuous cultivatit ilhighcer 

lceels of productis its in itost if lhe recion. 
are uilder-Utili/ed. ['lie maii constraints to 
sustairable initensilfcat ion tced to be 

clearly identified inorder to guide cropping 

systcms r scarch towards intensifying rice-
based crolpping in tile hi, lands and 
developing l(ow-c. 1t tec'hInic'al Optiins to 
- :ahiliie producton systeits in the uplands. 
Ail initial objective of' the cropping "Nsteins 
projeci is to identitv and classify rice 
t narmitig itiont'ronsystems in the tran 

cxtensiv .to ili
ens ic prioduction, 

Prduction costs and profitability of 
rice-based cropping systens 
m. Ai'dina 7. .rtlaiers 

In fontation on fani-Ievel Iprodtuction cost,,, 
and the relative prol'itabilii of rice 
cullivatiol in hoctI trmin systelis 
pirovides iitolul esuidlnI for deseloping 

appropriate rice technologies. As Much of' 
the available data in West African countries 
are noilonger reliable becausc of ithe 
substantial piolicv an It iiolhiicall 
chatges (t tile p st decade. istlLs is heing 

conducted to geiteraie indices oit farmit-lc\cl 
and social protitabi liti- Ior alternative rice 

-steTrils in ('lC d'lsoire. 

The first step 	 stto chrnitceri ,e tle ajitir 
rice ecoscvtut, 	 acros airro-,cological 
/Ones and de termiine repricntat i c 
prOdLliOl shtls otrdetailedlt licro
ecolionlie araly sis. biuliding ointhe

claracteri ation tudv ii ('ite dilom rt 
copal0eted in 19)2. I hLuSCehOld ,nr e.s arc 
beng conducied tlsites repre, citatis e o1' 

the three agro-ccological /one, ii (6e 
d1hsoire ( ieglloa httnid -fir Ct I'i'ihat 

- orest-savr'1i0a:idna; lid .nd li ..- 

savnlla)Il tdetlcrtiin the lripprtiotn of 
Cross iltgrice under dillTreit 

productioin s stllns. li tldiliOil, prOductitn 

N'steis are beini c harac'tetiied acciird ing 
to: poisit ion ol rice field oi Ile 
lotposeueiice; Ie\cl uf ater cortrol; use of 
Modeitr input , aiJ tillhage teChnolog\ 

(hand, oicn. sinial ltractors or Ifull 
nechanization). 

The sri rses. coiducted oser 3 omiits it 
992, cove'red 11)12 fanitcrs in 39 silaies. 

A total of 211productito ss'ecim 
coittbinatiois vere Table 6ii.identilied (N('' 

A raiono sample of I II farniers. 

Table 6 Number of farmers growing rice invarious ecosystems in three 
agro-ecological zones inC6te d'voire, 1992 

Ecosystem 

Rice ecosystem 
Upland (traditional) 
Upland (improved)
Inland valleys (IVS) (traditional) 

IVS (semi-traditional) 

IVS (improved) 

Irrigated (partial water control) 

Irrigated (complete water control) 


Cross-ecosystem 
Upland (traditional) + IVS (traditional)Upland (traditional) + IVS (improved) 

Humid-forest 
(Gagnoa) 


459 

9 

84 
2 

110 


-


-

118
10 


Agro-ecological zones 
Savanna Forest-savanna 

(Boundiall) (Touba) 

12 256 
282 75 
96 4 

8 
- 43 
41 1 

1 28 

Upland (traditionall) , upland (improved) - 2 12 
Upland (improved) + IVS (traditional) - 14 1 
IVS (traditional) , IVS (modern) - 6 -
Upland (improved) + IVS (traditional) 

+ IVS (improved) - 3 -
Upland (improved) + IVS (improved)
Upland 'trad itio nal) +irrigated (complete 

- 1 -

water control) - i -
Upland (improved) +irrigated (partialwater control) - 7 -
Upland (traditional)+ IVS (traditional) 

+IVS (maodern) - 2 -
Upland (traditional) , IVS (traditional) 

+ irrigated (complete water control) - - 1 
IVS (traditional) +irrigated (partial 

water control) - 4 
Upland (traditionall +irrigated (partial 

water control) - 209 



represeiitinlg tle najor producion 's-ste.ts 
i as then ,elccted for ittore irtelltive" 
nllitring of ield ,l ,'raliolns and 

1hproduction data for rice anid non ritce 
interprise,,: comnpleenlarv data oii 
iit-ei,,ion aclivilies and the rice milling 
induII,l\, cr_ also clcictCLd. Prlinilmiary 
anal,,is oilthee, datal w\ill hecin in 1993 

z 
Idetntilicalion and distribution (if
keyv e dslD 

A CCait uIdrCtlndtic thle diversity and 
piohlenri, of ilportint i eed spe:ics in tile 

m'' rice Ctiis\ StelI ot the coitiluit i,, 
,- essenlial in detterinioimc appropriate 

niaaenieii trntt then tcs. 
chiiacteri,'atin of %cetl specie,, ill Nl'h 

\ Vles in INX9 ith a.slrveyitl,, illitiateI %H' of Irirls ieds, in s.elet.'edt..t'. sites on tile 
of ktrlltinuunl In , a te oil theWeedIliJ2 ate 
C,6nutin u.1llin l 1992. as par ofi , 

it i1ltitliscipliliar\ expel illii i Iticl eigt 
rice \arieti, ie,,re rov, t at NIhi, v,eeds 

r%saitl itl al iar\ c tlr l illnweeded 
Strips lIcaltld ' Ii \tdLitter als icril, [he 
,1opeC.Sftrs % f cfed, onllaincrs' iClS 
alld of ' lro ccies ero's in, oil I-ice ill lhe 
(uitea slaila iif :iorthern ('6c Xlvii re 
soe ic cionducted ii coll ahorati ii ihe NRI. 

Weed samlplin ii rice crops across tlle 
cotinm al re\ C'ltd 63 spec ies.ii NIh 

Figure 5 Distribution of five weed 
species in rice across the 
continuum ai IbA , C6te 
dlvoire, 1992 
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ilh tioral conposition strongly inftltetnted 
byvposition i it0- )p0Set,tenlCe .The 
dilt rihuLtiol of Iti\e Species. \%hich together 
fornmed a large prop~ortion of lt weed 
hiornaSS. is shtow n in Figture 5. Total weed 
bionlass was createst oil theupland portion 
of th clonulntlli: thet trsitv of \scet\tl 
species as also gretelst ill this ecology. 
There weretn siit icilitt differettces" in 
sced grutlt amiitg filte eight rite sarietlies 
grosvn in tlie exlperietelt. The studies oil 
hlritr' fields in the liunid-iorest /oile 

Wlere iitrrtiptl b\ drouhlil. Ili the forest-
saya1 na trainsit ion /oei. weett cross th 

(incltltlng MIt'a.sp111?o llld hM!iTdodl'opcies) 

swas clisely correlated (1P< 0.001 t wsith 

reLeC'cet grain Nielil. li iirtleri (t'c 
i'lvoirc, tour species of tri i were 
obsers'ed growing oil riCte t\tr of ilteIll 


iirmuin tiiro ant S. I ca se d 


ttantace to [ilte rice phin1s. 

Similar studies will he cOitlited al M'h 
anI at key sites in ('61 illvoirc during 
1993. 

Competitiveness ol rice %vithseeds 
)- lld A/. Jill'.vI). ,1/inso 

RRice varieties difter ill their ability tl 
tolerate or coillpete %Iith teedts. Tlhe ahility 
to colptel)I successfl'llll \\ol! Sitnilificaillv\ 

s tahilit\elltlillce rite ld Iet tlnder tile 

exteise.los,,v-iil)tl Cti ition cillilioli il 
West Africa. Because of shoila e of lahor 

M
 

infestation, a major constraint to rice 
production in West Africa 

and capital oil nttill, llais,. \YCtls are ilo 
cottroltted tufiCeiCIt Ito preVelt illit ant 
yield tosses. li I i)2 , iesearic h was initiated 
ill M 'b, (ile dIVOire to tiliUirt \arithll 
dffet reeilcs inlweed copetitiveness ani to 
dtlerin he varietal trails coittrihulin to 
thsethe ditereinces. 

Studies \\ee CsOtitlc~t Otlltwo screelnllg 
tiials (elite arly seletction of 1.5vatieties 
aind attl tett vieIds'electSCiiiiif 2(0 
Varieties) gr ln liii atttl ecIttICy clcaIrL'I 
Irolni hush 1illoks and retlectittg idely 
ISCtL practices los\ lcveI of! ft rlilier. /eri 

tillage aind ile Ilaitlsseedilt! 19.Weedt 
grmsvtli in thIese cxperilielli \a illtitlJictl to 
detlertine bus rice 1litt grosvtlt itutneil 
weed vroi%tli. Ai harvest. iscetts fron each 
plot were Ctt, sepatrait hy slpc ies. :Iliit 
weice.ighedotetl. li the elite trial htere \ere 

signiilicant ttiffereinces (I) < (.01)11 ill , ced 
"ist:glt weigli titletl t he lossest ill 
varieties taller tltil b) ilt aiid piroducin it 
stiraiv weiglit exceetlill g 400 g//ln. Thrte 
were signiicant (P < (.)5) itCa tive 

correlations hetvecin plant height. strai\V 
\ eilt ;I glaili yvitl .aiill ls tt kwictith 

atlttarvet. It the il\ ancel trial luc were 
lii sinificalil dilfelrcices ill s ectd \C iglt. 
Iii hith e\pcrinllitet plainits itered froii 
ihouglhl stres.",t ichIpnltvet tli tl 
estahbishnuitl ill the ail\ itcit vieltd trials. 

In 1)0. rice varilcties ofttilleritt itd 

dislnct pllnlt type will he seectetl iiili/ill 
ilforitilint froiiti lie vairietal L 

http:s-ste.ts


characteriatiton studies. The growth of 
these arieties will then be compared under 
dilIe rent levels of'5 ced control to 
determtine plant trails related to tolerance or 
conpet liveness with weed growth. 

PROJECT 3: DEVELOPMENT OF 

INTE(IRATIED PEST MANAGEMENT 

PRACTICES 


Weeds, diseases, itiects. netnatOdes, 
rodents and birds are atnong the most 
iiportant enviromttental constraints to rice 
production in West Africa. The severity oh 

pest ipoblems generally increases witll an 

iliensificatioll of1productioi s'stells and a 

crok lthitt fertili/cr and pesticide use. 11is 

estimated tha' 4 willtion t of rice are lost 

annually to .5cd(s. insects aid di'eaSes iti 

Africa: additional Itsses are caused by 

nietnittdes. rodents and birds. There is thus 

an urgent need to develop etlctive but 

I iss-cc 1st pest nitlnlgctlleni techtologies. 

Socially acceptable, Ccoloicall salte
and 

ectinoniically prolitable strntegies are being 

de\ eIltped usintg iitegCatCd pest
aln 

nioanagentient (IPM) approach. 

The inaior co trilitiot oflIPM to rice 

protducti inWest Africa wkill be to reduce 

y itv
losses tlhroutgli the improvemntito 

cturrent traditional pest conitrtl practices. 

the integrationitotltatural control aie+it n
tiid 
the devel ilicilof pest-resist.tril cultivars. 
To dleterniie tlie target pests ;tgaiitsr which 
c' netictally resistant rice cullisars can be 
developed. basic inforria n oiltile yield 

losses caused w ,,ariitls ait
s,pecies alild 

uiderttit itiandnf their biology aind ecology 
are needed.Th -oal of WARI A' IPM 

projct is Iodeselip teclhnltogies that 
Ilaiitii pest populationts at levels below 
he ect lnottilic injury level. I1l1992, the 
project 6Ocucd on: si irey of' farmiers" 
pest perceptiois atid pest i antagelriiemit 

practices: distriutiollali btlllltiltlCCeof 
pests: tntegrated blast control: rice yellow 
mmottlie virus deecltion. distribut ioi and 
reststance sources: biology arid ecology Of 
key insect pests: and identification of 
insect-resislatt cultivars. 

Rice pests, farmers' perceptions and 
management methods 
A. ,.hdcsina E. t'inric and1 )..Itihn.on 

Toi generate infcrmlation oil arniers' 
perceptions otf pests and the control 
InethOds used,an interdisciplinary survey 
was initiated iri 1992 in C6e d 'Ivoire, 

Table 7 	 Percentage of farmers citing various pests as problems in rice production
 
in three agro-ecological zones in C6te divoire, 199 2a
 

0-4 

Agro-ecological zones
 
Humid-forest Forest-savanna Savanna
 

Pest (Gagnoa) (Touba) (Boundiali) All zones
 

Weeds 	 100 100 100 100
 
Birds 	 98 98 53 84
 
Bush rats 88 87 2 60
 
Insect pests 48 60 12 40
 

Note: a Number offarmers =6P inGagnoa, 60 inTouba, and 58 inBoundiali 

covering 178 farmers in three key site insect pests. Across all zones, II1/

villages it three agro-ecological ,ones. lhe identified leat Ifeeders (Trichi.V a spit. )as
 
use of foriial survey instrtiuients was the iot important insect pests: other pests
 
supplenented by informal discussions with cited as important sscre stein borers
 
famiers tirdividually and in groups). (I)i . splp.) (31, aid termites (2314 ). lii
si. 

Although infonination was gathered ott the UplaindS., 51; otthe respotidents cited
 
vertebrate pests during the infformal survey, leat feeders as the tttost ittortant insect
 

hil 

weeds and insect pests. inland vat cy sv,attip ccOsvsteaiis. 28 cited
 

steii borers as tle tito,l itttportatit insect
 
Farmers were asked to indicte what they pests. Itt general. Iarnie rs showed
 
considered to be the most itliportant pest cottsiderable understaridin of' tie factors
 
problems affecting rice productiom tce (such as,soil t,pe and fertility, thought
 
Table 7). Weeds were cited by all uccurrence. sttlindic \kaLer aid presence til
 
respondentis s a timajor problei, aicd 53 certain wecidsl caiusig intisect priobilens in
 
species were identified as coltition ili rice their rice tields. Anitring the coiirtl
 

the focus of the formal survey w,'a,on pests, %% 461; cited termites. Ih lie 

fields. It the huittiiid-forest /otne the iost tmetlhods used \ere randoiidispoisal (if

inportant species kstci t i( /otiom lenitons oilfields. pourin 
 ho wsater oinor 
(tited by I(1,i of the faiiers). destroyving termite hills, laying pait leaves
 
('/t'onohwncaodor (6X ), ( 'eInostmiic on fields aid itsing traditional icrlbalists.
 
species (42(' ) and Sc'ria species (321 ). The percentages of esptlndents itt each rice
 

j ecosyestne 

faniiers itt the other two ztnes. The iost the uplaiuds. 1 3< intie traditional
 
ctlliiionl cited weeds in the savanna /ottie hcwlaids. (11 in the seii-traditional
 
were F(hinti hlotatti'otii(50(, lislands, 68'; ilit limproved loss lands,
 
Rollmoellia cot/tt/ti'lensi (45', I(,' ii tihe irritedsystets aid 13(1( itt
 
Ageratuim colnv+oitdes (26(4 ) aiid L-lihoi'hiai the lltoded rice systems.
 

None of these species was iet itilteby 	 using insecticides sscre (i il 

lice. oj/hyht(22: 1. Inhie forest-savaiiia
 
tratitioi zone the maior species cited was The survey dlat will cont r iute to ie
 
IMertma vtlindrica (72(: ):less important design of IPNI tecliolcgices that a1re
species were A. con vZoie.v (62(,'). cotippible w i Iariners' retsources, build 
Paspatn Atroticti/atom (37<4),Digimaria Oii intdigenoit+sOttirott tie mhdS aid 

itnd 
Ott weed coitrol IllethIods, the intaiijr study will be ctiuthcted in 

/tori-onttal.s (33+/<) R. ccmchimttinensis. tailiiie relitnce on chlemtical iiputs. In 
(i9' 19)4.

faniers reported using long-duration Nigeria to determiine farmer"s perce[ptiotis. 
fallow, 48(4 used pructices linked with soil ctontrol nitelliods, ild Che ecttomic impatt 
tillage atnd 15(7 used (late of planiiig: only of lsses duC tIothe African rice gall midge. 
five fariners (all ri tlie Saiv iiiitiat .'lahllused
 

crop associatis its itet of'%metchod ci wecd 
control. Data were also collected ott Inventhry of rice insect pests and their
whether I'aniers relied ilhand pullirng. natural enemies 
hoes, herbicides or a combination of these: /. th'inrichs(sARIA c.A. Rit..sel-Snith 
nearly half relied on iand lli ri and hlcies: (NRI)A.B jtrri andI). Riderin (IRRI 

tity 2 4 relied exclusively Oiheiicides. (NIDSI1 

Although most Ianters were aware of Ihe Rice pests and their i~alucraleniies vary tn 
effect of insects on rice production, oinly species CoitiposiLtion am!ipopultiton levels. 
455 were atI orecognizc the majtr as well its ilLitileaind,pace acrtoiss tile 

M
 



Table 8 Insect pests collected in rice fields, Burkina Faso and C6te d'voire, 1992 CofltiitIttl., acros; agrii-ecos. stenis aid 
___across cliniatic zones. 1ca,e of [tis 

Ecosystem Insect pest species variation, itislecess~u 10 Understaod the 
0-e 

Upland Anthicidae 

Buprestidae 

Z 

Z 
Cicindelidae 
Scarabeidae 

Alydidae 

Cercopidae 

Cicadeltidae 

Lygacidae 

Nabidae 

Pentatomidae 

Pyrrhocoridae 

i+ Acrididae 

Teligoniidae 

-
Formicomus sp. 1 

Argilussp.; Aulacophora sp.: Agonitasp.; Arcnicollhvnis sp.; Chaetocnema 
pulla; Chaetocnema pusia. Cnaetocnema sp.: Cryptocepnalus sp. A; 
Cryptocephalus sp. B:Dacty/ispera spinigera; Dicladispa vindicyanca; 

Hispa sp.; Monolepta ?bilasciata: Nisotra nr. 'tacuticeps 
Cicindelasp.
PachnoJasp 

Riptortus dentipes 

Locris sp. B 

Nephotettx afer Nephotettix modulatus; Paramesus sp. 

Amblypelta cocophaga: Cletus fuscescens; Parabrachius sp. A; Paramius 
pirato~des 

Arbela confusa 

Aetiomorpha griseotlava; Aethemenes chlons: Aspartia acuminata: Aspauia 
albidomaculata: Aspauia armgera; Aspauia brunnea; Carbula cithens: Carbula 
difficilis: Carbula sp.; Diploxys arkheana; Diploxys bipunctata: Diploxys sene-
galensis; Dorycons pavoninus: Durmia tomentiventris Eysercons ventralis: Me-
nida sp.; Mormidea sp.: Nezara vmdula; Scotinophara sp. A; Zincronacaerules 
Dysdercus superstitiosus 

Catantops melanostictus 

Conocephalus sp.I 

Total number of species collected - 51 (60%) 

Irrigated 	 Anthicidae 
Carabidae 
Chrysomelidae 

Curculionidae 

Meloidae 

Diopsidae 

Alydidae 

Cerlopidae 
Cicadellidae 

Cixiidae 

Lyaeldae 

Pentatomidae 

Pyrrhocoridae 

Reduviidae 

Acrididae 

Formicomus sp. 2 
Drypta sp. A; Dryptasp. B 
Aspidomorpha aerata; Trichispa sercea 

Cylas puncticollhs 
Cy/imdrothorax sp. A; Cylhndrothoraxspurcuticollis: Mylabris sp. 

Diasemopsis meigen: Diopsisapicalis; Diopsis lindneri 

Stenocons annulicornis 

Locris sp. A 
Hecalus sp.: Hortensia similis 

0/orus s. 

Blissus leucopterus: Clavigralla ?gibbosa: Parabrachius sp. B 
Agono, celis sp. nr. pubescens; Diploxys fallax; Scotinophara sp. B 
Dysdercus volken 

Rhinocoris sp. 

Atractomorpha acutipennis gerstaekert 

Total number of species collected - 26 (31%) 

Irrigated/upland 	 Coccinellidae Microspis striata 

Foriculidae Diaperasticus erythrocephatus 

Diopsidae Diopsis macrophthalma 

Alydidae Mirperus jaculus 
Cicadellidae Cofana spectra; Cofana unimaculata 

Nabidae Stenonabis conspurcatus 
Tettigoniidae Paratettis sp. 

Total number ofspecies collected - 8(9%) 

factors atfecting tie distribution and 
abundance of rice pests and thei W1tu;at 
enemies in order to le,elop econonmic pest 

1tiallageicielit techintlogies. A si vc, was 
initiated in I 992 in Burkina Faso and (C6te 
divoire to determine the insect pest/natural 
enemy complex it irrigated and upland
rice. Arthropods were cillected inlv 

with sweep nets, bit sIonic spiders veIc 
collected by hand. Tlie arthropods s,cre 

identified by taxonom,,;. it IRRI. NRI and 

North Dakota State iIiversity, UISA. 

Anioii the inect pests-collected wereAin!teisc et -leldwrleat-feedini beetles ( icluding 11pirt.2, rice 

yellow mottle virus vectirs) and grain

suckint insects (.i' Tabie 8). Spider 
coupo-sition wxas extreiiely diverse (sic 
Table 9): 1nary species in the family 
Lcosidile have beell reported preiously as 
predators of stem borers. Addit ioal 

surves w\ill Ibe coTdtucted in Other West 

African countries in I993 to fully 
characteri/e the phcntological grotlh stages 
of rice before asescsing the relative 
importance of fhe various insect pests and 
their natural enervis. 

Effect of op ,s'.quencvposition on
 

distribution and abundance of rice insect 

pests and their natural enemies 
E.IHin'ich.s 

Preliminary studies shokk the 

abundance of certain rice insect species 

varies along the Contin uutim. To develop 
1PM tectnologics adapted to this variation, 
more information is needed on the effect
of toposeuencc pusition and rice varietal 
type (upland vs lowland) oitthe abundance 
and species composition and on insect pest
related rice plait dainage. 

Ill 1992 an experimernt %,,asconducted at 

MWh. to characeri/e tie soils, vegetation 

and insects along tihe Co1i0inuuni. Five 
upland riv.e cultivars (IDSA 0. ITA 257, 
WAB 56-104, WAI3 56-125 ;itl. 
WAB 50-50))and three Iovhud uuhivars 
(BG90-2, ITA 212 and 3ouake 189) k'ere 
planted iii three replications inl a 

random ized complete fbock design. 
ToposefuICice sites were div'ided into the 
tipper and lower portions oft0Irtiuphaid 
(Upland I and 2), the upper and lower
portions oflIe hydromorphic zone 

(llydroinorphic I and 2)and the valley
bottom (Lowland).The upland aid 
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Table 9 

Ecosystem 

Upland 

Spiders collected in rice fields, Burkina Faso and C6te d'voire, 1992 

Spider species 

Araneidae Araneus mif,cus: Cyclosa sp: Gasterocantha mammosa, Gasterocantha sp.: 
Hypostiga sp.: Neoscona sp 

Argiopidae Argiope sp. 

Clubionida Aphantaulax hr.cmnda. Clubiona sp., Cheiracunthium sp. 
Dolomedmdae Do/oedssp 

Gnaphosidae 'Cami//na'hateus 

damaped on ,inIhNtcaf-fccdiiiL hcitlc., 
Iri hiipaO'Iri( V) :iMid 1)= inorc I]han50'; 
of ,eat ;I[ ca daniiag,'t.R i, ielant, Scored 
abtiii I ill l aiid Ih til%r -cd 7 il 
Lo,,land. Dis.c.,,thl,, to delci mine the 
prcclt;12 of lill,.1r,,infstIcd h\ MeHn horrCI, 

so,,c, fl]iin crcasc I ll0 less tIhii I ; itn 
Upland I to 61' ill 1I,0\klnd. I'Oplttioll, t1' 
Most arthrOpod Spccics ,.rC higher in thetlV,%Cedcd than in the v,cdcl plots. 'hie 
eiilht cuhlivars rcipondcd SimilarlI. 

Lycosidae Hippasa sp.: Hppasa sp. A: Hippasa sp. B: Lycosa sp.: Pardosa sp.A;
Wadicosa oncka These results Underline the ne,.d to 

Linyphiidae Deelemana sp 1iCC1111111ilI.Cthe rClcvant inlornal'ionl Ol pCeSt 

Oxyopidae 

Theridiidae 

Oxyope. sp.: Peuceti sp. nr. diversipes 

Thendula gonygaster: Thendula sp. 

and nltiricnen 1-Ciinshiips rCLItircd toaid iatral cnilv rcltioMllil uiCddevelop di,,inct inse,,ct Iiaaiteiicrt 
strate'ics ft tie various con nunn 

1:< 

Thomisidae Runcina sp , Thomisus sp 

Number of species collected - 25 (37%) 

ecosystems. The Ceperillicnt ,.ill bc 
repeated in the l)319 et season Itoverily
the 1992 rCsUtIs. 

Irrigated Araneidae Araneus sp B Neoscona sp. 

Licosidae 

Linyphtidae 

Pardosa sp.: Piratasp. 

Eburnela sp.: Labullula annuimpes: Lephthyphantes sp.; Meineta sp.; 
Metalepthyphantes machadoi: Metalepthyphantes sp.; Oedothorax 
macrophthalmus 

Figure 6 Numbers of arthropods 

collected at points along the 
continuum, C6te dlvoire 

Metidae Leucauge sp. 600 --

Philodromidae Thamatus sp. 

Disaundae Dolomedes sp.. Thalassius sp. 500 

Salticidae 

Tetragnathdae 

Theridiidae 

He/ophanus cf paulus: Myrmarachne sp. B:Myr-narachne sp. C 

Tetragnatha boyd: Tetragnatha javana 7petragnathamandibulata; Tetragnatha 
nitens: Tetragnatha subsquamata 
Coscinidia tibiahs: Ther,dion sp. 

a) 
400 

300 

Thomisidae Runcinia aeth!aps: Runcmina depressa. Synaema sp. 0 

Number of species collected  28 (42%) -200 

!rrigatedupland Araneidae 
Lycosidae 

Araneus sp. A: Araneus sp. B.: Neoscona theisi 
Arctosa sp.: Pardosa nlucunda Trochosa sp. 

10la 

Linyphiidae 
Risauridae 

Sfmphcistilus tanuekes 
Pisaurinasp 0 

II I J 
Upland1Upland2 Hydro1IHydro2 Lo(wland 1 

Salticidae Cyllobe;bjs rufopictus: Myrmarachnesp. A Toposequence site 

Tetragnathidee 

Theridiidae 

Tetragnatha /aculator 

Dipoena sp.: Enoplognatha sp. 

Unweeded 0 Weeded II] 

Thomisidae 

Number of species collected -

Imarus sp. 

14 (21%0) 
(;rain yield losses caused b stem 
and the African rice gall indge
E.Ih'illrich.s 

borers 

hydrodmurphic plots %kcrc scedcd \kitha 
drill and itc los land plots werc trans-
planted on 17 June.The plots 14 x 20 in ) 
consisted of 16 rows per cultivar and werc 
divs idcd in1111niis.ctided and ssceted 
(herhicide) sections. Ss cep net colunis wcrc 
miadc, tillers wcrc lissected to deterinine 
,,toilborer infestations and plant daiage 
was recorded in cach plot. 

'hcnumber of arthropods collected 
increased from Upland I to Lowland (.c 
Figure 6). lwcvcr. tie abundlanc Of 
individual spcices at dilfcrcnt positions Oil 
1it 2tiiclcvaricd:soiIie 'yCrC 

equal lv abundani at alll]positions, others 
were nlorc abundaiit a cither tie upper or 
1isscr positions. PIlil diMllc was scored 
ti aIt-) scale. wkhere I = 0- 1 ' of Icltxi 

Rice stcrn borers arc pests triou't1tgolut the 
conlinumti: tie African rice _all dilccIs a 
pest mainly Undcr io\ land irrialet 
condition, hul it has recenly bcen Obscivcd 
inlcstiii fields in the hvdronltrphic /iilc. 
A st udv \\ias conduticltedat NI lhd. ('i6tc 
1tlvoirc to lleastrc ,icld losssc caused hw 
combind Steil borr and viall niture altack. 
'Thie ic virict\ II)SA 1)118,-da 
dhratiNi s\ assossn o1113 June: the Upper 

U
 



_ _ _ _ _ _ _ _ _ 

Figure 7 Effect of percentage ot tillers attacked by stem borers and the African rice 
gall midge on grain yield of IDSA 10 in (a) the hydromorphic zone and 

> (b) the upland area 
_ _ 
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%tillers attacked 

Sectioin of Ime experitment area t.as ill tile ((il) of 303 kg/ha of rough rice was 
uplanud one (i) plolts) and the I, ier established as tfollov S: 
section ill thelitdroniorphic ionc (0) " 
plots). Fertili er i .as applied basall, al 	 Cost oflcontrol (S 72.(2/hal) 
2(0 kg/ ( 0-I,8-I)lSt - NI'Ki.iitha (th = 

topdressing or -41ku N/ha. The percentage Price ft'r, ugh rice (ItSSf.24/kg) 
ofstems ,, hich kkre attacked hi the 

ti , pest Sp cii as rocorded n One application of clarltbofluan .rainitles at 
5 AugUIt. \t Intluritv. tie plots \%ere 1.0 kg ai/lla Coltill I S,72.2 iS considerCd" 
indlividally haril,Cted and crain .ields adelUale to control the ltidc St10all end sltn 
recordCd. borers \%ichit applicdul itlh the ced at 

plallttilg. I'll" ri,.c of rougih rice ill 
The I near recresions of ield acain'it the Februalr I993 in the .M\hIheai i as 

L,, percentiae of"tillrs attacked arcIshoi n t 'Sf).24/ke. The Lstsima.tcd I:s 
in Figure 7. The predictive equation (percentag tiller,,iiattacked s,h-re the gain 
indicated a .32.0kg/la , ield loss ir each threshtold is reached.idcalclated as Lth/ke 
percent tiller attack in the hydronmorphic per ha \icld loIs for cach percent tillers 
/,ote arid a S9. I k /hia icId hlss ill tlie allacked) are 9.3'; 01. /.32.6) lor rice ill tlie 
upland ancat. le predicti c CIlUatiMtirs 

+ 
hvdromorplhic /one . .4; (3318)/). I 

were used to lie estlitniae economtlic Itor rice il lhle lplanid alea. The ecoinomnic 

in.iurv levels Ell,). First, a caitn threshold ipif.act ofi Sten- tl-edie insccts is C ident 

frm these resuhi., undh.'rlinilie I'Cd to 
dc Chip ellecli, and economic ,trillelics 
10 1n. Il hliI . Additional stud'iesthese pests. 

ill he coI uLh Idill ))3 in hich thc 
CICCt On Vie id Ofi i iOa slii horeC

i.and Ih , ll i Cu ill he isolated. 

Identification olf representali, c sites 'or 
selecting blast resistant rice cultii ars 
A. v (itI I'.A ). A. A.llmI 	 .\(flJR-..iirt/. 

hhoio I, Al,. l.hinc% c ' 'IRI)A
u~~O 	 1-d 1'.. '(;i't; (/IIRA.. 

ofohf,laserice culti\ arn v iti disease 

rctil.tce le ic acccptable,' to k rilttes call 
be achievCd l, 111un alter care.lul SCICellin at 
represelltaiieS1C . Onc 	 thle aitnis ofI 

1ut il tiOa i l trial established in 192 

,,its I0 collect dala that cud he)lp tneasurc 
the exte.lit to\, hiclh slud, ,i1 ill West 
Atrica refleteICd actual ConMions. 
En'irnmenets v,crc ranked according it) the 
degree ol blast i)"SSUth.. The trial inlOh ,d
 
d entrie, amid the sites. \cr. at Farako-lBi
i rkin)IoF o.lltcloit ill (imimilll +.
+a 

Mn and \,1 in (Yutc d'lktirc. N yainkplala
ill (liant, ihadn i ()ttlnne ill NiLe ia. and 

Rokupr ill Sierra Lene. ()ilsile's ill BI,rkirio Fas, (Y ( 	 Fdtile dataandforlvtvilr 
Nigeria., representingii lieenviroments, 

are reported here. 

Plot sizes wecre I x 2 in (1) 	 \ 20 cn 

Spacing. 10 roN S. t altertate IowsS ere 

Figure 8 	 Incidence and severity of 
blast at sites representing 
five environments in West 
Africa, 1992 
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IeSistlnlcc: ill\/. lile %lrtIcl (-. ,pc irtlir 
of \'vrrn/ltcia 0"1''u pi)pltioriMS at Sitc' 
ll11oll,'dil~t
Africa; ,lilohlain inl10lln1ahon
 

(IIi lil clIn ;III,.'I TleIciIi irice 'ln\01! 
:i,,cs rncrnl in I (i ) iIl tle11ialll towlies 

l 
as iLldcrllakcii o\c a 5 ttk perild. 

Slarlii, llii life daie tileI i synilpihis' 

citll(licse s in'inglc7ait ll dt: o 5r. i 

1o\, S. 'll ed h% [les'n.sclille chi.ck, 

The reCsris, slniiiiiariCd il liretiii* 9. 
iindicale Ihlatl ofnuhlihocatilal sL1cC'nimlg 


this kind is isCfil for eliacC'rj/ilL sile,, 
alld uclelic imrlcrial-.. ill ,til.,\ entries 

I\hicll litt\ Cd 20t1.l iCsiS t'iiicc 
!ill\iiitlli sc'sc.rit\ sctiIr tt Ii s :W 're 
'alaktarada 2. W; 307--, IRAT I5 R150RAT 
161, ITA 143. Saltnnlpikil, T h I 1-4-
A2. IIP 134o. IR 314219- 14-2-3.
 
IR-188 12-,R N-4 1-B- I-I.I ( )R 79-2 1.
 

Susceptible (left), highly susceptible Simeon 34 1,T( )N 3112-41 -1-3-,-3.
 
(centre) and resistant (right) rice varieties 
 TOX 31I1-612- 1-4. I()X 3118-73-2- 1- I -I 
ina blast nursery IR 31805-20-i-3-3. IR 3554o-1 7-3-1 -3. 

IR 37873-I0-2-33-1. I 3881-lIt, 
IR 39323-110-5 2-2. IR 3L357-45-3-2-3. 

tiNCd fordisease ass'ssiiici. To Score Screening for (he genetic basis of Iblast IR 39379-9I-2-2-2-2, IR 39379-99-2-3-3-2.
 
LlisCae ilcideice I proporlitul 01 Arl*Ciled resistance: African Rice Blast Nurseri IR4037-'A-IN-3
 -
I. IR48751 -13-B-3)-2,
 
plaits) aiidI severit te\p1rt.,siitl of level of' A..S" (SY K. Allli/ tINGI'-A/i(i. IR49500l-5-l- 1- 11
OARI),A. 5 FA-93-2-2- i13.
 
seOC'il).a iinodified (ashilti anld Zaini F.Ahanno tlNGF11-Al/ii, ala K.,Aikar tainug Sell (iuliios 2, ]( )A 3114-I(-1-2
 
S.Orini sc.ale v as used (I = abhS.C. o l IR , 3-3. I()N 31 18-0-1:2-3 and T() 3142-I -1
 
iSihles rlproii',. 3 = I io < 5s( eal 1-3-I. The resistaiil check. II)SA (I. had a
 

Ie-,iiiS. 7 = >50 IA lesions. [Fiu ;i Identilif ini' durahie resislaiceC in rice resista-nc1 iroile Imtcir tSec\CiltV
Iirhll\ 

"i\eii en\ illillicrl. iilntiuernial lie di\C'rsil i iiei .,
tihe en aiiilist OfblastII I-il Ihiaii ilit oftlhe etlries siudled.
 
it.\ I ip \ as slinlllet.d h dcduclhtii tile 1pii0tilniiii1 is cSSCiial for iliClCastL iicC
 
a\ cran . penrlianc.,e of the hosi-planit productiun. WARI)A, paMticipated ill
a A\fter IN(FER-Africa ha, MAlcd datatile 

populalioll ill thalcirs irt-nllicill nitiolilcaiOlnal l ial COeinducedi cotiected hiI9t)2, a list iofprtlniingfmi tile b\ INII-R-


a ,elpCrtuoliance oftllhtIsl-tlaill tine African liast NUser\ inn
Africa ini Rice iilatcrials will he seit to WARD,\ for
 
population illall like emnitouniieil IL))2. The main aims of lie trial \\ere to: possible incision illthe plant rceding
 
studiCd. identifN variclics/lines \% stable Spatial
itih 	 prottani. 

Hlist inciulent.e alldss,, Ieit sere higChest 
at I:inlakor-llt. as [igure 8,. Figure 9 Blast frequency based on severity in amultilocational trial, 1992Sll\ If ill 

l\t -\aM,aiais a m5o
s of vriiice \kii 
clrssnficatoiln crilte'ria Ilni\cL intidel and 100 -
Cr0os classificaliunl) rc ealeci hirhnly 
siwnificant diflerennccs Ili fle fi\c Severity scale 
eli\ imtiiticiis siudied. the intrinisic hllos- 80 - 0O-1 El 4-6 
plril piiential and thC reactiols of' cnitries 6--- 2-3 El 7-92 [7 
to le -,radiellt of tlile eilvirtlinnii.nt. At 	 > 60 

L) 60irak-it'it. F:,.R( ) 2tad :c.;eraue rates if 
42.7 (incideict) and 8.8 -cs ritN j. Alt 
ib:ldan aiLl (nnie. IISA 13 anId CL) 40 

Ciomniplete resistance. At ilie ("6te d, oire r
 

sires, tue best variel\ was ,VA 56-60. 20 , 
F-romllit-e Clllries t allaIksis ofl at aill riles, 

tilepertrifianlc (iof \ It 56-125 i 	 0 -_
 
superior to ill other entries. The best 	 35 42 49 57 
entries ssill Undergo further trials iin Days after sowing 
199)+<3.
 I )L3 	 _____________________________________________I______r_ 
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Characterization of gerinplasn fr 8 to ) and 7 ii 9. Fr the rSrsNnt-ic check 	 a tlre..os. lieIstlnh:rtchili-, tile perurlant-cill 

resistance to leaf blast: Rapid 
 in the first trial the as crage ,c erit, lor abost for Ohe irti trial , crc T(OS 131031. 
screening nurser, Mtoroberckan. (t1 24-4 and ((i 21 raired T()X 3118 73-2-1 - I- I and 158')1. 
.1 . 1 .Ifrr A'.K.. r 	 oni I it) 3: in thle sCcoIlnd trial. 

,Moroherekan aid ()[I 244 scored 3 to 5 aLi 
. )urine 1992. t,. rosets of.tries tunlder.cnt CG 210 scored 2 to 3. The . , t-' 27 hily Screening tr resistance to rice .citlhm 
lapid 'sl'rtCiltr ill UpianMd Con1ditiols .t Le"istallt entrics ill the first trial arid ihInce it mottle .iru;: RYAIV esaluatioi 

( 1\ oe to define the blastM UCId.' 	 tire second; the number of hiehl. screening test 
protile Of li\,.ed or seercgatinL' materials su'cpCltilc CtriCS ,s a, 12 inl the lir.t trial A.*S ,'i Ak).A l. K ..1//1, /iAGO - .liIorl. 
baed otn tile IRRI standlard esaluation and t25 it tile scoild ('WC t:it-urC 1I0). I. A/iool u.\n(l it'-A/iiri, a l A.K401,

',Z,1t1it r. iditil sUscptible and restanrt 	 .1II)A 
check,,, pi. ide diata for tire developmennt of' Tire best per)uirtiin cnIties ill tie fir.,t trial 
a rice blast rsi,,tanc, inmi-,menlent sIrategy were IR 46, (i(.-\ ,. .,u.a. ()rsica 3, Rice \ellos,, mottle virus occurs mainly it 
arId identifv Crirtis to be uscd itl an in- CTA 6775-5-17-4-2-70. ( 6775-5-17-4-2- tile Ii,.. latnd ecos\e-ti,. but ihas al',o btee'n 
depth sc-recrline prgralr. The trial desin 51, IR 35366-40-.1-3-2-2. IR 4 2. ITA 139. observCd iti tile irlitNated Ulilanids. Ill ',pile 
l0folhosed that used b\ tle African Rice ITA 412. ,\l 5(- 114. (I(i 14. Kiiranng of ;idvaLrce ill knos ledge of tile biolocy of 

S Ila,,t Nursr,. , ith each -linlr. replicated Patonr. TOX 30S81-36- 1-4-I - I. FKR 27, thirer .llogt-l, toit is difficult stinilate its 
louhmr nlc . 50I('t ng . CT 62-10 -12--2-3-I " 01). 135. co ntribution to yield lo,s . l I1) 2. a trialti (4" r uk 

CNA (65. t 25587-i133-.1-2-2-2. s as coninducted ill M' alld ( rln' (he61C ._ 2dilkoire in crllibtratimn ssini IN( iER
t:0t tile s.ULCse~IMle cheek. Ii tire f'irst trial IR 2,2)182-4 1-2, IR 2 11 18-f138-2-3. 
242 Cntries I nrC IVe ra!c se\ erity for IR 32429- 138- 1-3-3. IR 35546- 17-3.1-3. Africa tIo assess tire ef rcli-di ei,istit if ilte 

Maratelli la r'ed fromln 4 to 9) arid for [any IR 29725-76-3-3-2, IR 28228-12-3-I-1-2. 
lld ('() 31) firoll 5 tI 9: the corresptirding FAROX 300-3-2 atd FAR()X 317-3-5-2. Spatial resistaicre and coleilurrure I0. prn

scres, in tire cnrd trial (2 3 0 entries) were Ill tile seoRIl trial, tireCOtIk CntrisC African sirale.\ to coulrrial tire diseas_. 

Tihe trial int ii Cd 1)) elrrc',. ilh 

Figure 10 Blast resistance profile for (a) 242 entries and (b)236 enties screened Mtrrberekan and B(; 096))-2 i,, tire 

at Mb, Cte divoire resistaice aid suspt--iblC chcks,. 
respect i ivl. atiid 13rma K1 I rsiusclptil i 
as tire local Aireck. Artificial inrculation 

a) 100  teinlCurun produhcCd b\ Ihiriiak 189. shinch 
eri \as irliturall inle ictoil adjacclt plts,)8,Severity scale sa tarie oll t.it)3 tl\, aIfter raispltllli i :

80 - 0-1 [1 4-6 discase rlatim,ka" f'd il tile II,, RI 
[1 2-3 E 7-9 standan iirit lotlsl r, ielnsf 

U 60 -f 	 ptlnli'in entries i tile 411th da\t atler 
n r itlcitllatiioll s -re T( )( T8 I. Morolicrcka1i. 

2 FAR( 31) [RV 44. ,AR() 43 I TA 128). 
40 IRAT 112. IRAT 2),. \VAtIS 18. 

" - \VA1IS 675. TON 3629-I-4NR-6. 

Yu Keic 130. Yu Kerne 21) and Nrinan 
-i i 175. FntriCss\ich sseeC eC\Clalfted 

20-

- -L irclde-d IR46.32-2-3. TOX 3)69)-(-2-3-(, 
0 -I 	 JR 5. B 90-2. TOX 3055-1)-1--I and38 45 53 61 68 TOX 321 1-14-1-2-1-2,A. Iirssese, tile 

b) 100 mst uitable utsceptible check,. ,,Ii msin,1 spettaculuir s\ rinptiirrrs t fIlliar attack. srcs
Severity scale Blouake 181). TOX 321 1-49-1-2-2 arid 

80 U 0-1 E5 4-6 T()X 3158-501-I - -- '
 

'78- [ 2-3 El 7-9
 
> 60 
 Hlans are under ssav ti itnlnillrei alr ill
= .IC 	 ttepirIstUdVtll rnire VCllhiss i tlt sils ill 

1993. based oinas.esin tile inrpact ill the 
disease oitillhrit. vield und Lt.iin wceuht. 

21 --	 Varietal resistance p~rotiles for rice 
yellow%mottle \irus 

2 28j ;I A ' ,% ra . .1 lklotr 
21 28 35 42 49 

Days after sowing 	 Wilhin tire tIcre\t of research oil r-ice
\e0lhr tiniot c virtis, a trial was established 
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in 1992 to compile the resistance profiles of 
36 1ice varieties and characterize the N1*b 
and Gagnoa sites in C2te d' Ivoiru. Entries 
•ecre taken front WARI)A and INGER-
Africa (ollcctions, multiplied, alldgro %ia)i-
a randoni/.ed complete block design, %kili 

Moroberekan and ii- susceptible checks
Java and IM 16. Where necessary. arliici~d' 

inlton11 %satscarried oUt (On thle I12th (laY
after transplalntilllg. Disease assssmentZ 
uisillg
the IRRI standard evarlatioll ns'stem. 
" as conlducted li vr i(5-da. period. 

%e ks after inoc:lation.starling 2 s 

No varieties shosseud levels of resistance 
equal to that of the check. Moroherekan. 
T)X 3068-28-I - i ;Ad TOX 3233-31-6-2-
I-2A \Aure supt iorto all other entries, 

irrespectis cof the sile. Varieiies showing 

high susceptibility itboth sites Aere 

TOX 3219-5- 1-I-I, TOX 344 1-(l)--3,-1ydr 
iOX 3559-0-2-2-2. VOX 3399- 158-1-3-2, 

TON 3552-S4- I- - 1. ITA 306, BG( 90I)2. 

ITA 4)0. ITA 402, FAROX 315-1-2-2, 

ITA 304 and IT 308. tnder artificial
 
inoculation0. there ssas a significant effect 

oilthe formation Il fIloral orgal,, and
 
Jelaved usert ion, leading to a sharp

increas in the percentagc of deficient 


paniCles: at M'h, this ranged front I71, 

(LuinilOculaedl i to 63: (inoculated) for 

I-otuk I89: al(;ai-enoa, the corresponding 

figures cre 19 and 71. The impact of 

artificial in clulatiol ilplant heighl was 

also recorded. The Illakillill reduction in 

height was 33 for TOX 3552-84-1-2-I at 
(iagnoa and 26 lriITA 4(0(0 at %'bd. 

There was no sienifiL.nt reduclion inil thefile
 
heights of the resistant varieties TOX 3058
28-1- I (average height 86 cm at MIbd aiJ
 
75 cn at( TOX 3211-14-1-2-1-2Gagnotia. 

(94 cI aid 85 cmI) and Morbherekan
 
I10(cmi and 9)5 emni. 


Il 1993 work \sill be undertaken to 
broaden the scope of this trial in 

collaboration with NARS, stUdy [Ihe ilpact 
of rice yCllowv motlie viris oinlillering and 
assess yield losses caused by the virus. 

Characlerization of the continuum 
toposequence for disease prevalence 
A.v'y.A. Adina.I".Ih1'inrijlh.A.M.Jhmcs. 

1). .hoislo and A..Sahral ( 

The -,o1itltlil offers an ideal enironmetli 
for the assessntent of the population 
dyniamics of pathogenic agents and the 
adaptibilily oftheir host populations. A 
trial wvas conducted at various points oilthe 

Figure 11 	 Reaction of rice varieties grown in different ecosystems along the continuum C/) 
to (a)brown spot, (b)leaf scald and (c) rice yellow mottle virus (RYMV) 

7 in_ 
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2j 	 Iro 

0 
Bouake WAB BG ITA WAB ITA WAB IDSA
 
189 56-104 90-2 257 56-125 212 56-50 6
 

I 

toposettuencC, using a randonlized ITA 212. BG 90-2, WAB 56-50 and 
complete block design. with three BouakU 189 (check). The prevailing disease
 
replications; ineach replication, entries patterns for each section of the
 
wvere sown parallel to the gradient ni a toposequence were diagnoseL and the
 
4 x 100 m plot. The plot wis divided into levels ol severily assessed, using the IRRI
 
five sections, representing: tipper and lower standard evaluation systen. The
 
raini fed upIlands (Rainfed I and 2):tipper predominant diseases were brown spolt
 
and lowevur hyd roilorphic zi ine (Hlydro- (Dr1ch1isea ory* :a).leaf scald (i'r/ahia

morphic I antd 2);and lowland (Low land). 0/w:l(, )and rice c llo% viruts (se'e
not tle 

Figure I).
 
The Upland varieties tested \kere
 
WAB1 56-1(14, WAll 56-125. FTA 257 and The restilts confirnield i relationship
 
IDSA 6 Ich'eck): the lowland varieties were betvween silI-climate characteristic.%atd 

Ml
 

http:sienifiL.nt
http:randoni/.ed


disease incidence. Rice yellow notilc virus 
predoninated in the lo,.,,erpart (it tile 
lopirseqitelnce, wkhereas browkn spot was 
prcvaleint illthe upper palls. The absence of 
hlaSi and tie relativel, lo\severity for the 
other three diseases were file mainly to the 
nature of the c\peinental site and tile 

> varieties tested. Tile response of ITA 212, a 
liss land varicty vithgottd resistance to 
hrv.n spot, illustrated the effect of 
transtcrrino it til an ectsysten toi 

tar frot its preferretd etvironiient. 

I'R)JIT(14: S I[.FERTIITY 
.\ NA( F1:N' 

Nitrogen ant phosphorus tIcticiericy are the 

lilost iniporlaill nutrient constraints to rice 
prltdctitll in the cltiutiniuu. N deficiency 
occurs tlhrouhout West Africa. htut i nist 
Severe ill n P defticiency isthite savanni, ,.one 
a serius prolehnl in the torest/tone and iii
 

- aciic p itd te t /o and i 


ccolgics, iron totx icitv is tile rost 
intportant nutrient disotder. antd tile
develtponent of iniproved ,arietal tolerance 

is cutsidered the most practical solutin tht 
this protblein for rettrce-pitir t'arners. 
WARIJA's rsearch ol Soil fertility 

l:ltagentent is toclising tilt the diaginosis 

and niana.trien it of these soil dii.orders. 

(ittplententtary studies have heet 
undertaken to determine the niineral 
reserves illthe ulpland and irrigatetd lowland 
ectisystenls. 

Soil nutrient deficiency studies 
K. Su'alt ad ,5S.I)iauta 

A imulti-year experinient ti deteniie the 
status itt ithineral ihi Uplantd soilreserves art 
was initiated at MWI ('1Cte dlvoire int 

1989.A parallel experiiitlit itt a lowland 
soil dtiter irrigated cI niiditions,ising a 
sinii lardesign. beganat Mht in 1992. 
A coniplete fertilizer (F)Ireatient 

1((0 kg N/ha as urea. 11001
kg P,0 5/ha, 
10O kg K,O/ha as K(I. 10Kg ('a)ha ats 
hydrated littie. 50 kg Mg/t/ia isMgNC , 
and I(Mk g ZnO/ha as ZnSO,) as, 

cilipared with trcatilnts ill which N,P,K. 
Ca, Mg andlZri were individually oInitted. 
A randomizted complete block design was 
used. with flou r replications. P. K,('a,Mg 
and Zn were applied basally at planting: 
N was tirLCe etual splitsapplied ill til 
planting/transpainting, tillerirg and 
flowei ing. "Thecultivar I)SA 6,ta widely 
grown upland variety, was used for the 
upland trial: ottuakt 1l8), comio itt the 

Table 10 Yild and yield attributes of IDSA 6under different fertilizer treatments in the 
fourth year of acontinuous cropping trial inupland soil conditionis 

Grain yield Straw yield Tillers Panicles 
Treatment a (tha) (t/ha) (no.m') (no./nil) 

Check (no fertilizer) 1.61 1.84 220 155
 
CF 2.90 3.66 265 223
 
CF-N 1.54 1.67 227 171
 
CF-P 2.63 2.88 226 186
 
CF-K 3.49 3.57 292 225
 
CF-Ca 2.45 3.49 285 238

CF-Mg 3.06 3.43 286 238
 
CF-Zn 	 2.15 3.20 274 186
 

LSD (5%) 0.895 0.579 73.0 52.1 
CV 24.53 13.27 19.1 17.5 

details ot treatmentsNote: a See text for 

Table 11 	 Yield and yield attributes of Bouake 189 under different fertilizer treatments in 
the first year of acontinuous cropping trial in lowland irrigated conditions 

Grain yield 

(tha) 


Check (no ferilizer) 1.44
CF 	 2.77 

CF-N 	 1.66 
CF-P 	 3.11 
CF-K 	 2.68 

CF-Ca 	 2. 
CF-Mg 	 2,5
CF-Zn 	 2.62 

LSD (5%) 	 0.549 
CV 	 15.20 

Note: a See text for details ol treatments 

lowlands, was used for the irrigated 
hlwuland stlyd. 

Since I989. trials have heCli conducted at 

M'W6 to deternfre the llatUral tutrient 
reserves ill sotils at diffrent locations 
(plateau, tipper slitpe and nid-slope) in the 
ip!and ecilsystem lThe trial fields were 
Under fallow for 5-? years: the soits are 
slightly acidic (plI6.5) itt the top 2t0 cni 
layer and los, iniorganic liaiter. The suil 
p:ofile is gravelly trtughltuit, witlh a saitdV 
clay texture ill ):deeper hori,,ts (30-51 cti 
N was tile only deficient nulrienit. 

Tables 1Iand I I suniriarize lhe 1912 .kita 

Oinyield and yield attributes fur tile tlplalii 
and los, itlld ecologies. In tlre upland trial, 
gtait and Sit yields and ntnibers of'raw 
tillers and panicles itt the ('F-N treatinent 
were siginificantly lower than in(F. In the 
CF-P trealti t,errtnthers of tillers and 
panicles wkere significat ly tiwer than ini 

U
 

Straw yield Tillers Panicles 
2)  )


(tha) (no,1s (no./m2


2.53 235 135

4.23 303 177
 

3.31 232 133
 
5.58 347 186
 
4.43 315 163
 

5.64 282 163
 
5.10 334 178
 
4.81 319 178
 

0.968 47.5 126.9 
14.77 10.9 9.0 

CF straw yield was also lower itt the CF-I, 
treatment. In the lIrwland trial, grain and 
straw yields and11111
tbers oif tillers atd 
panicles were significartily lurwer itt tile 
CF-N trealment thait '-tr all titherill ('F. 
treatilillts there were io significant 
differences itt grainllald straw yields. The 
results Slggcst that inadequate N is the 
Illist intheseiiptrlanlt nutrient deficiency 

CCohi'ies. 'lls
trial will cllitillue Ior i
 
further 3-4 years.
 

Response of upland rice varieties to
 
phosphorus deficiency in a forest
 
zone UIlisol
 
K.'Sa/otithit. 1!. ,o/t1i.% an/d S. aita 

Phosphortis is the tilst lirniiing illntutrient 
the acidic Soils of West Africa's littniid
fItrest tone. Availahility tf P itt these soils 
is redLiiced tIe illitera lion tif soluhle P 
%%itl iron arnt alulilitiitll oxides. Art 



0 

experimernt was initiated in 1992 alMan in 
(6te d Ivoire to lluire til P responsive
ness iand d
of fiveluphan vI.ul.rie ,;l rine.'
 
their P reqllmenentts and elicien.ies i anljl O
 
I ltisol lom. inl available IP.Lxcltaiealel Al
 
content is high and I' is unavaiable because
 
itis combined with Al. The .il is loamy
sand and h Ila ,rganic matteradequate 
content. The ai" of, this stdy is to develop
 
bellte P wilanal'eme it practices for acidic ;I
 

uplands bx irilltain soil nlillaelllen
with iinproved ,arietal ll'ieinc,
 

Four rates of 1)kere applied (0. 3. 6)o and r) . 

9) kg P/ha as triple superpliosphale) ill an .4 

1iltisol pll 4.8: organik C 1.5'1' ) Io in 

avaiablc P (2.1ppm Bra,-I extractable P1.
 
A randotniied cotiplete block dc-,,s!n wis Rice crop response ioapplicctions of 0kg P/ha (foreground)
 
used. ii and 30 kg P/ha (background)
itl1 !our replications. Fach plot 

15 x 3 ill)
received N t l00 kg N/ha) in three
 
splils at planlii . lillering and Io',erile.
 
Plots weic land, ceded ill3 and 6 weeks The P efficiency of, tle cultiv aix will lhe upland cultivars which had showi good

after sCeding. WilhOu i applied 1, deteriried ifler aiialvr graniln arid straw perforrnance ill acidic upland soils. 
WAll 56-1 25 avc tleIh hcst vi Ied P coiitetll. InI 993't lie rcsidual Viltie (if(.%O 
Table 12). BIcause 01'se\ere lisease tie P applied ini1992 will he determined Twenlty cultivars were girowni at MW'brand 
ili dCece IbrOWn1 Soll and oiher dis-asecs) wit1hou1 addit lnl apipl ied P. '(hC Kortogo. (ite d'lvoire. These two sites 
ITA 257 did ilot rtgi\e a significani kIoilse experiment will be repeated in 1993 to representetd markcdly differenlt irontoxicity
to applied P. The rCspoiinse Cqalit'i-S 6or the cover a higher and \wider P response )ressures inlthe 1992 growing season. The 
rePiIingt, varieties sscrc: range. iron toxicity score (hased on the IRRI 

WVA13 56-125: tantdarid eviluationi sy\stei) for the 
standard tolcraot check. Siakoko 8. \\as1.= + (1.11483 P 11.()137p-: Evaluating promising rice cultisars for64 - high (3land siListla d ll Korlogo atnd \cry

R' = (.684 iron toxicity tolerance in lowland soils low ( I ) at Ni'bt. A randoiii/ed cotmiplete
WAlD 56-I1114:. K,,Su/i'lK.t,B. S,,o/,, S.I)i h amd block desigl \as uistL, wilh Orur 

Y = 1.44 + 0.1)36,38P - 1.11(01)21 p2 A. .Ioml. replications. All the plots (12 ill2) recivcd 
R2 = (.811 a basal application of 20()kg NPK/ha

WA 1356-50: Iron toxicity is a major ilri ent disorder of (I)-1 8- I8). 
-
Y = 1.22 + (.1555P - ti.00.34p lowland aild irrigatel rice iniWc.i Africa. 

R2 = (.8)(0 Varietal to leraice is a pracl ical and los - 'able 13 (ovi,/'o/ sLtll)niari zes the ye Id 
II)SA 6: cost means if inicreasinig rice productivity dlata. The upland varieties (Iflelast l'ive 

Y = 1.40 + 0.0124P2 iMiron -lxic conditions. Ail cxperinrent varieties iilthe table) sliossed little 
R2 
 0.530 was CliI(ldiclt'd ill )92 to evaluat tileiront tolerance tl Korhogo: their perfornmance al 
%here: toxicity iolerarice oflprltisin lowland rice N'Wb7 was relatively poor. relecliig poor
Y = grain yield ie: varieties and !ot/a 
 pro\ide additional adaptation to IlooLde condiitilns.
 
P = grae o yield illh A 
 inrionna ton for selectiLt breet ditiL Suakoko 8 ve a lo\er erain yield ill 

ialerials. The varieties tested inclided five Korhogo than alNib. Thie perlormatlce Lf 
[lie Ilocal BhiLiak I8. reclccted itsclheck. 

Table 12 Response of five upland rice cultivars to phosphorus deficiency in an Ullisol ability to take advaitage ol the low 
in the forest zone, CMte dlvoire, 1992 iron-toxic conditiois pre\'aililg at M'h6 

during 1992. The check sariety ITA 247 

Prate Grain yield (t/ha) apriearcd to he r Itis t lvtolerant to iron
(kg/ha) WAB 56-125 WAB 56-104 WAB 56-50 IDSA 6 ITA 257 toxicitY 

0 1.64 1.43 1.15 1.32 0.90 These resultts shos that somie TOX lines 
30 2.75 239 2.78 1.87 2.24 miay hiavc prorlising iron tixicit' tolerance.60 3.19 2.82 3.09 2.20 1.21 Illcointrast. the iron loxicits-loleranit variety
90 2.96 3.03 3.49 2.44 1.44 SLiakoko 8 itav ie lo'hwyield pitential 

LSD (5%) 0.757 0.477 0,836 0.469 a 
1US be ulit]LICl sLiilCdn.s tihid or coriditionis

CV 17.97 1243 19.88 14.98 - of high iron toxicity prCsure. 'lie stLudv 
will coitinue ilNI bi and Koiro0 itt 

Note: a Not significant 1993, aceoriipatticd by collaborative studies 



Table 13 	 Performance of 20 rice cultivars at asite with high iron toxicity (Korhogo, C6te and 1610 m.,ruspectivelyI and at 
d'lvoire) and asite CWte d'lvoire), 1992 inonomnodal:with Icw iron toxicity (M'b, Korhogo (savanna zone 

1302 mm1). Los land breeding activities 
Grain yield (tlha) Iron toxicity score concentrated on breeding for yield 

1 Entry Korhogo M'be at Korhogo and yield stability and selecting for 
resistance or tolerance to the mia jor stresses. 

TOX 3100-32.2-1 -3 5.04 6.35 2 including blast, glune discoloration, leaf 
TOX 3107-59-1 2-1 5.00 5.65 2 scald, rice yellow mottle %irus, Y.lenborers, 
Suakoko 8 (standard tolerant check) 4.85 4,44 3 gall rnidge droughl. lhoodirig, submergence 

Z ITA 408 4.42 6.49 3 
4.68 	 3 aid iron toxicity. The trials were conductedITA 247 (check) 4.37 

TOX 3113-6-E2-3-2 4.33 5.72 3 in Nigeria at Ibadan, Edozhigi, Kano. 

TOX 3081-36-2-3-1 4.33 5.54 3 Ikerine, Onne and Itoikin: these sites 
TOX 3027-43-1-E3 4.26 5.79 3 represent a wide range of lowland rice 
TOX 3118-42-1-1 4.09 6.36 3 growing conditions in West Africa. 
ITA 326 3.95 4.50 3 
TOX 3050-46-E3-3 3.31 6.52 3 
TOX 85C-C t-10-WAS 3.29 4.70 5 

" 	 TOX 85C-C1-17-WAS 3.24 4.70 7 Farmers' knowledge and preferences for 
Bouake 189 (local check) 2.87 5.64 7 rice varietial characteristics 
TOX 3052-46-3-3-1 2.76 5.96 5 A. Adesina and M. Jones 
(DSA 10 <0.10 3.80 9 
IDSA 16 <0.10 4.12 9 The adoption rate of new rice varieties is 

S IRAT 144 <0.10 3.60 9 often tow because they lack the traits 
ITA 120 <0.10 5.90 9 

- ITA 257 <0.10 3.64 9 preferred by farmers. To address this 
problem, surveys were initiated in 1992 in 

LSD (5%) 1.078 0.959 C6te dlvoire to characterize the diversity 
CV 27.50 18.40 of existing gennplasm, determine tanner 

knowledge of gerniplasin conservat ion and 

assess fanners' preterences for specific 
with Louisiana State University, USA on In 1992, upland yield and stress trials were varietal traits. The study covered 174 Iarns 
iron toxicity processes in the lowlands. conducted in C6te d'lvoire at WARDA's in 12 villages in the humid-torest, forest

experinmental fann at M'b (forest-savanna savanna atnd satvanna agro-ecological zones. 
tranisition zone; bimodal rainfall:1992 total 

PROJECT 5: I)EVEL )PMENT OF rainfall 103(0 nni), at Moit and Gagnoa The results, sulinirized in Table 14, show 
IMPROVEI) RICE VARIETIES (hutnid-forest zone; nonomodal; 1563 ini that fartoers con,idercd that local varieties 

The goal of this project is to develop higher Table 14 Farmers comparison of the best local rice varieties with the best improved 
and more stable yielding rice varieties for varieties, dtvoire, 1992 wite 
the upland/hydromorphic and 
hydrornorphic/lowland ecosystems of West a 
Africa. Although most rice farmers in these Comparison of local and improved varieties (%of respondents) 
ecosystems are likely to continue with Trait 	 Local better Improved better No difference Not applicable 

traditional low-inptit cultivation systems in Agronomic traits: 
the neditim-term, soie are making the Plant height 86 4 10 -

transition to high-input intensive systems. Resistance to shattering 81 12 7 -
WARDA's goal is to develop varieties for Weed competitveness 79 7 14 -

low-, mediun- and high-input production Panicle length 76 17 7 -

systems in order to cater for all levels of Panicle exsertion 74 12 14 -

management. Tillering capacity 
No. grains per panicle 

73 
52 

17 
45 

10 
2 

-
-

Yield 50 40 10 -
The improved materials shotl perfor as Drought tolerance 31 45 17 7 
well or better than local varieties under Insect pest and disease 
low management, should respond well to tolerance 7 81 10 2 
better managenent and the addition of Early maturity 2 91 7 -

nitrogen, and should be at least as tolerant 
as most traditional varieties to drought, Post-harvest traits: 
flooding, adverse soils, insect pests and Good aroma 64 17 19 

diseases. They should also have appropriate 

plant architecture to minimize lodging and 
Ease ofcooking
Taste 
Tase ot mlEase of milling 

29
29
99 

33 
29
7174 

38 
23 
17 

-
19 
-

suppress weeds, as well as grain quality Ease ofthreshing 5 76 3 16 

propertieo which suit the diverse 
preferences of the region's consumers. Note: a N = 42 farmers 

MMM
 



Table 15 Farmers' as,essment of the relative importance of agronomic and pust-harvest 
traits in adoption decisions on rice varieties, Cote dlvoire, 1992 

condition. repctii.. 'he five highest 
yieldiig cthivars in ssceded anld un .eeded L 
lhtts showoed better resistalice to the 

Trait 
-___ - Assessment ot importance at trit''. (%of respondents), 

Very important Important Minor importance Not applicable 
drought conditions esprieIICtd durinp the 
early vcgelti , and lhte reproductive 

Agronomic traits 
Yield 

9 
99 ! --

staceWS and had g0od tillCri ng clpacity wkilt 
,ell-e:serted panicles. Iinder uii, ce'ded
COnd iti l Is. Signilif .'i.u~t ,,: Or+'hClli olls v..e r C 

Tillering capacity 
Drought tolerince 
Panicle exsertion 

99 
93 
88 

-
1 

11 
6 
1 

nditio btssignifiat c eion seIeI 
ob-al in gri=0. 38id 11<' I 
duration5 ,r= (a.3n5Il < ).l5), prinii 

Resistance to shattering 
Plant height 

311 
medium 
short

Crop duration 

50 

72 
55 
1 

32 

9 
13 
3 

18 

1 
1 
1 

-

18 
31 
95 

nuiber (r = 0).409. 1 < (.(005 1an! plant 
height (r = (.402. P)< 0l.00l)5). indicating 
that tt diedini-stat IIreId varieties 
(100- t1) c.n) with early lltaturit\v 
(100-1I) days) and ntoderate tilerinjg 

U 
1.1 

ong 
medium 

1t 
55 

11 
21 

969 
8 16 

(250 panicles/nt 2) are best suited to this 
ecosystem. In Upland 2, where ille water 

short 
Weed competitliveness 
Insect pest tolerance 
Disease tolerance 

39 
34 
24 
24 

13 
24 
9 
7 

7 
42 
67 
69 

41 
-
-
-

tabl was .ilvs I itt. yield 'as 
again correlated With durttion, plant height 

nid panicle nume r, as w.,ell as w\,itlt 
neck blast (r = 0.370. P < (0.005) tnder 

Post-harvest traits: 
Good tasteEase ofcooking
Ease of millingEase of milling 

9782 
7777 

217 
1717 

11 
66 

-
--
--

weeded conditions. and with leatl blast 
(r = 1.397, P < (1.105) and neck blast 

.5,P<(.1111ndruiedi 
condititts. The results indicate that the 

Good aroma 57 21 22 _most suitable varieties lotir this ecosystem 

Note: a N= 140 farmers 
are early maturing types wvith tediutit 
stature. ntoderate tiflering and blast 
resistance. 

had several advantages over iniproved 
varieties, particularly in tenois of phitnt 
height. resistance to shattering, panicle 

tolerate ecosystern-speciic stresses along 
the Cotit tintll is inhibited by the lack 
certain ntorpho-agronontic traits. itI 992 

The highest average grain yields were 
obtained in I lydrotnorphic t. where the 
water table was within 6 cim of ile soil 

lengtlh antI exsertion. coipetiti, nhess with 
weeds. and tillering capacity. hIterestingly. 
they didl not perceiveit distinct yield 
advantage for iniproved varieties over local 

at iulti-year, tiultidisciplinary study was 
initiated at M'hi. ('6re i'Ivoire to 
neasure fle yiel re,.ponse of irt proved
varieties attd identify the traits wNhich 

surface. Yield wits significantly correlated 
with ituration (r = 0.746. I' < 0.001 ) al(n] 
plant height (Ir= 0.628. P < 0.00 1) untiler
weedeit ant unweched onditions. ile best 

ones. Table 15 summarizes farmer,.' enhance adaptability to specitic ada+pted ' ciui'ars hait ittediunt stature adit 
re .,ponses on which varietal Iraits tiev 
considered *'\cryionportant', iniportant' or 

ecosyStells. nei+LIiit, rualion t 120-135 days). It 
lIydrotnorphic 2 tle water table %%as at the 

of' 'nirtor iniportance'. Five elite uplatId cUlliv'ars (WAB 56-50. soil surface througlto t lie season. Yield 

Front these surv'eys, iitoipreliensivi 
database was devel opel oi tle niajor local 
varieties ciltivatet by lariners in the 
surveyed villages, ail larroers' pre teretce 
profiles for different agroiomic and post-

WA13 56-125. WAB 50-104. ITA 257 and 
II)SA 6) antd three elite Iowl tid cUltivars 
ITA 2 12. BG 90-2 aild Bouak 189) were 

growtn aloItg tle cotliiiLiii it[ five 
posiliOIs tI tle toposcIL~el¢ei representiig 
the major ecosystetis (Upland I and 2. 

was, significantly correlated with plant 
height t r = 0.439. I < (0.(05.), po nicle 
itumber (r = (.508, P = (.O)1) and growtth 
duration (r = 0.494. 1)< ().005) under 
weedld coinlitionis, anid svwithItelltergeltCe 
r (0.715. F= ().1)1) uider u,,eeded 

harvest traits were conpiled. Iecause of flyditoiorlltic I and 2, and Lowland). The Ciiditiris. li this cossteiI, owlattil 
the considerable interest it this type ot average slope was I-3( ., with U~plahtnt I at cthivars with ittmediit duratiotn 
study shon hy rice breeders in ile region. the uppernost position. A split ptlotdesign (120-130 lays) and sl otrt toimedium stature 
this Work will he expande,. over the next 5 with three replicatioms 'ts ued, With pertrttiet best. 
years to involve natioatl researchers i11the 
devehlpment of a itatabase ointhe varietal 
preferences of rice fariters in West Africta. 

weeded ati tll\tseedeil plots of each variety 
in each ecosysteiii: 2(O kg NPK/ha was 
applied at planting, and 40 kg N/lia was 

High Yields were produced by lowland 
varieties it looded onditints. Yield was 

applied as urea in equal (loses at flowering, sigitlificaltly correlated with durattion 

(;ertiplasm characterization 
M.t ou,s, 1). oh.soi K..Safl-awat. 
A. SY, E. th1iihs r1NdiS. M zl(M 

ani iaxintini tillerini. 

The grain yields are given in Figure 12 
Ioierleaf). It Uplamd I, where tle water 

(r = 0.82 1/0.718. F' < (((01(). patticle 
Itlber (I = 0.888/(.922, I' < (0.(11 ) att 
plant height (r = (.455/0.4 12. P < 01.005) 
Under %eeled and iitI 'edet ctmditits, 

The ability of improved rice varieties 
devClped by WARDA, ilTA and IRAT to 

al;e was aiwa. s below 1.5 tit. yields 
ranged froit (to 0.41 t/ha Iroil (to 
1.37 t/ha under unweedel and weeded 

respeclivel,, idicatin tal ntliiui
iiiration varieties w%ith high lillering 
capacity (over 300 panicles/h12) and short 
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statire are best suited to the lowland Figure 12 Grai yields of upland and lowland rice varieties grown inweeded and 
ecosystem. This trial will be repeated in unweeded conditions in the major ecosystems on the continuum at M'be,C6te 
I993 at N1'b and two additional Icoations, d'lvoire, 1992: (a)Upland 1; (b)Upland 2; (c) Hydromorphic 1; 
Using the same entries. (d)Hydromorphic 2; (e)Lowland 

Initial screening for adaption to upland a) 45 SE
 
and hydromorphic conditions 4.0 - 135 (weeded)
 
A..hions 3.5 172 (unweeded)
 

Z 3.0Since 1985. WARDA has evaluated about 

500) vdirities/lines introduced fron Asia, 2.5
 
Latin America aid Africa. Iltroduced " 2.0
 

-' arieties .vith higli yield potential. 
1.5fertilier responsiveness, resistance or
 

tolerance to major enironiental stresses 1.0
 
and suitable plant type have been Weeded 0.5
 
identified fr use in breeding prorraris. 0
 

%ADIurime I(92. 4)0 introdtlctions Were [ Unweeded WAD W I ""A Y( . 
VeValuaLed illobservatiOnal nurseries :t Uplandriies Loviland vareties 
Mh, Man and Korhogo. (Yrte d'lvoire. b) 45- C) 4.5 
The cntries w.ere gro, inin single plots SE = SE = 
(4ro,,5 in lone): the check varieties. 4.0 259 (weeded) 4 510 (weeded)s. 

WAnC 165 (short duration) and IDSA 6 3.5 167 (unweeded) 3.5 455 (unweeded)
 
4In duration) ere repeated itter 3.0- 3.0
rnediui s. 

e\,) 2.5everv 20 test entries. + 2.5e+-o 2.5 
A-t Korirogo. sevecre leaif. neck arid particle 2.0-~ 2.0 
bls sheariih rot, leaif scald arid droughit i-1.5 i 5 
allowmed ca, ideritication of susceptible 1.0 1.0 
entries. At Man, or\ tirose entries ,ith 
resistance to blast. sheath rot and glurnie 0.5 0.5 
discoloration, and toleranice to soill acidity 00 I 

IN WAABi TAQS AITA R .. r ~ 5, A0 AAH IA, IA I'A IIA Faind losk 11sere selected for further s F 21:1, 4, )I1.9 I' S 0TA " F F 
F, 

vatluation. At NM'bi. crop stind %% Upland vanetIes Upland.arietles Lowland varietiesas good Lovlland varetes 

througliout tie growl hc.'cl: \with d) 4.5 4.5Itlie low e) 
incidence of disease. insCCt llld SEsoil S 
problems, ii ssas possible to assess the 4.0 - 540 (weeded) 4.0 693 (weeded) 
phenot\ pic adaptation of the entries Under 3.5 - 258 (unweeded) 3.5 520 (rnweeded) 
fry, stress. 3.0 - 3.0 

cl 3 

-f- 2. 2.5
Entries %kithconsistentlv good perfonmince 
at all three locations \ere C'T 7242-16-4-3, 2.0- 2.0 
2-31), IRAT 3(2, 132997('-TB-60-3-3, 1.5- >- 1.5 
('ABACLU. WA.\1 33-1). ('NA 762069, 
IRAT 310). WAR 18 1-18. WAl 32-133. 1.0- 1.0 
Oitava, Mafunira arid Jibudr. EnLries 0.5- 0.5 

show,ing good resistanice toacidity ard low -
*A iA M IfA0A IT. V, B.. .e MBR AR AH N TA NPA IT. HL PP11 < 4.10 at WA B332-80. F S51! 2 li 29?'\faril s ere 5650, 6 56 10GA 2 l! SI1 IR9 5 F0 I I25": 1 

W\AB 32-59. W\A 36-54. WAn 30-24 ind Upland aieles odwland variehes Upland Lo.land .areesvaneles 
WAn 32-133. Entries showing good 
drouglit tolerari.e at Ktorhogo ',ere 
CT 6949-7-1-4-2-M. IRAT 301, Screening promising upland rice because o1 their earliiess arid ih yields 
WABIS 737. WAB 181-IX. WAn 32-55 selections under inprovCd nr1 ._ireierit condiliolls. 
and IRAT 300. M.k.oo' To ideriv varieties 'ASithhigher and 

more stable vields under higlr-iiput 
A total of' 129 entries with acceptable grain Several improved rice varieties with niaragernent for the upland arid 

properties and better phenotypic roderate resistance ti drought and blast hydronorphic ecosyseliis. WARDA is 
acceptability scores than tle check were (ITA P( .ITA 150. ITA 257. IRAT 13, conducting observatiotmal and replicated 
se!ected for inclusion in observational yield IRAT 116. IDSA 6 arid WAB 56-104) yield trials of promising ,.arieties aind 
and stress trials ill 1993. are heigri advanced lines.adopted by I'arinners in the region 



0 

1'%o observational vield trials (short and WAB 126-i8-1- I--113, WAB 224-16-11-113 17 t'r/v/a), and a large proportion of the 
mediuni duralfion) kere conduted it NIb, +andWAl1 99-I-I-6-3H. At Nian and eot ries on r 'icldcd the check Nri-li-s. 
Man and Korho o in C'6tc d 'oirvc to Korhlgo, leaf and neck blast. lea 'scald and Many entries ;alst) had long. slender and 
c0ahate IC() ntries urder various brov,.i spot were recordcd', drouight waIs trati 'ucentgrainItvpe whicli is preferred C 
enivirimetital conditiolls; I Itial (mdintlitl al so scvere ll Korliogo. Sixteen entrie, b) most West Alric;in CollSUtlers. The best
 
dUration i ,asal ti ctondlcted at Ni' vi oti rated as resistant or nioderately resistant to etItries will be ,VihMtitcd ill Task Force
 
htvtlrollocrihic soils. E:ntries "ere growin ill tliese factors were selected. The chcks regionl irials in 1993.
 
sinigle plot, (2 x 5 ill), iktil the check yielded 1.)- 1.8 /Iha. Entries wilb yields
 
varieties WABl(" Ii5 ,shrrrt duration iallt exceeding 1.5 and 2 t/ha at Korhogo and
 
II - SA hi) itteliurt duration r'plicatcd after Man. respectix ely. were WABl 95-13-13-41)- Ilreeding for plant type, grain yield and
 
ever 2) entries. At *l'hb, grain yields IIi. WABl 50-125, WABl 18 1-37, WAi 
 yield stability under low-input
 
rantged frnt (.57 to 3.59 l: filte check 181-18, VAI 95-13-13--1841 and managelient
 
ielded 2.0)-2.22 t/i. )nithe ba,is ol high WA 1399-1 -
 I. Al. ./onc

ed good lhuiHliet ilty i aild
-s. ac'ce)abilii , U 

tre,-, resistance..38 varicties " ere selected As i I0ollow"-U t trials nif varielies/ In the past 40 years. rice research iin West
for Iirther testing. Varieties Nielding over ;dvaneed ics lecteil in prey inis Africa has emphas i ed eva.Iluaiing
 
3.1) t/lna and eicedtii hee checks N sclsolls, 120) entries were s reeiteid in two gernplas+. 
 under intensive systemis in 

(0-3811 \ cre WA if 1)9-81I. \1I I 1-3). preliiinnary Nield trials, two aidvaneed ieIld l.avorable environirtents, and thus mnarrny

WAlt 181 -32. WAl 18 1-37 and WAB1 trials and two elite \ ariety trials. Blast, iniproved e.iltivars ito not Inatch ihe
 
18 1-!8 1,shLrt duration ), and TOX 3449-34- sheath rot and glunie discotlohratitii were lierlorniance otraditioiial varieties in the
 

3-3 -I ' .1 3443-28-2-2-I aid T(X .338))-
 recirded il NIlan aid Korhtog. Nild acidity low-inpUt itlnditiolS Under which 80%1(of"
 
8-2-2-3 (nred i iill duration I. Under 
 and low P were ailsi otld at NIlan, hile Uranil anid hvdrLrniorphie rice is grovn ill
 
h\ydrinioiltic conditions. 17 +,arieties ilrtiughi was sex ere during the vegelalivc 
 the region. lii 1992. observatitonal and
 
oi it\ ielded thc best ch-cks b\ 14-851 ;t hel and rcproductivC stages at KorhtLng. Itl all replicated Nield trials of niaterials
 
top fi\e \k ith yields eceeding 3 t/hia. %%ere trials, vields were Iigher a) M'bd than at 
 developed under itnilirtived ctdit ions were
 
WA13 96-13-1 2-1113, WAl 99-if- 14-111B, Nan and KLrhogl 
 ( 'I'Table 16 andl Table ctndlctedl at NI'b&. C6te i'l\,oire tulder 

Table 16 Performance of three highest yielding, short-duration varieties in preliminary yield trials in upland conditions 
at M'be, Man and Korhogo, C6te d'voire, 1992 

Stress resistance ratinga 

Grain yield Plant height Days-to- Leaf Neck Glume Drought
Entry (t/ha) (cm) maturity blast blast discoloration stress Acidity 

M'be (transition zone, 
bimodal rainfall):


WAB 96-36 3.76 116 98 3 2 2 
 1
 
WAB 56-104 3.70 103 93 1
3 1 1 
WAB 99-5 3.56 114 91 3 3 3 1
 
WABC 165 (check) 2.96 100 100 4 3 
 3 1
 
Mean of 20 entries 3.20 112 104 4 3 3 
 1
 
CV(5%) 18
 
SE t 300 

Man (forest zone,
 
monomodal rainfall):


WAB 99-5 2.63 98 104 1 
 3 1 - 2 
WAB 56-104 2.53 97 103 1 3 2 - 2
WAB 96-9-1 2.30 110 107 3 7 4 - 2 
WABC 165 (check) 1.01 95 115 1 4 4  3
Mean of 20 entries 1.68 100 107 2 6 4 - 4 
CV (5%) 18 
SE ± 150 

Korhogo (savanna zone, 
monomodal rainfall): 

CNA 1.20 97 96 1 2 2 3 -
WAB 99-7 1.08 99 96 1 2 1 2 -

WAB 56-104 1.02 102 97 
 1 2 2 4 -

WABC 165 (check) 0.85 102 98 1 2 
 2 3 -
Mean of 20 entries 0.59 108 98 1 2 2 5 -

CV (5%) 31
 
SE + 153
 

Note: a Scored according to the IRRI standard evaluation nystem (0= no damage, 9 dead plant) 

http:2.0)-2.22


Table 17 Performance of three highest yielding, short-duration varieties inadvanced yield trials inupland conditions 
at M'be, Man and Korhogo, CWte d'voire, 1992 

' 
Entry 

Grain yield
(tha) 

Plant height
(cm) 

Days-to-
maturity 

Leaf 
blast 

Neck 
blast 

Z 
Z 

M'be (transition zone, 
bimodal rainfall):

WAB 181-18 
WAB56-104 
WAB 99-1-1 
WABC 165 (check) 
Mean of 20 entries 
CV (5%) 
SE # 

4.26 
3.65 
3.64 
2.96 
3.26 

17 
275 

104 
103 
101 
116 
108 

101 
97 

102 
91 

107 

2 
2 
1 
2 
2 

1 
1 
1 
2 
2 

l 

• 

Man (forest zone, 
monomodal rainfall)

WAB 181-18 
WAB 56-39 
WAB 56-125 
WABC 165 (check) 
Mean of 20 ,ntries 
CV (5%) 
SE # 

3.49 
3.42 
3.14 
2.67 
2.61 

23 
294 

98 
110 
107 
114 
109 

111 
124 
115 
115 
115 

3 
4 
3 
1 
4 

2 
1 
1 
2 
2 

Korhogo (savanna zone, 
monomdal rainfall)

TOX 1011-4-A2 
WAB 99-1 .1 
WAB 56-104 
WABC 165 (check) 
Mean of 20 entries 
CV (5%) 
SE 1 

1.50 
1.49 
1.31 
1.10 
0.61 

37 
117 

85 
93 
87 

101 
98 

97 
98 
98 

106 
99 

1 
1 
1 
1 
1 

1 
1 
0 
1 
1 

Note: a Scored according to the IRRI standard evaluation system (0=no damage, 9= dead plant) 

low-input tConditionls ( tlhliinal lard 
disturbance, vsiti tree slutiInps retained; Iand 
nott levieled hiit thoe used to scaril, the 
top 5cm: 40 kg N/ha applied as urea in 
equal doses. 15 and 45 days after sowing: 
plots hand,weeded at 28 days after sowering). 

Inthe bservatiorlal trial (single plots, 
41rows, 5 mrIong). 148 traditional and 
iriproved entries verc tested agairlst four 
iiproved varieties (WAB 50r-1(14. W,\BC' 
105. II)SA 6and IRAT 144). ()nlv six 
irnprrved varieties produced grain (WA B 
96-1-I, 1.07 r/ha: WAB 56-Ill. I .6(1 n0a) 
WABC 165. 0.85 t/la: I )SA 6, (.55 i/1ra: 
IRAT 144. 0.54 t/ia and ITA 257, 
(.24 /111a).Motst otler iiprs ed varieties 
were sniothered by %seedsand .vere stunled 
and highly cllorolic, \%ith rnarked N 
deficiency synipttlis. %losttratditional 
varieties had higher yields and better 
phenotypic acceptabilil and seedling vigor 
scores thmn tIre imrpried varieties. The 26 
varieties selected l'rr inclusion in tire 1993 
observational trials included the followirng 
highest yielder,,: SP4. YS 236, Jeka Dlare, 

ES I7A, I) Il. SP 8, YS 231. WAB 
56-11)4. l)igha-Youho. N12. I)SA 6. WAB 
96- I- I ard WAIB I3I-18. 

In the three replicated trials (randoni/ed 
corlilplete block design, with six 
replicatiiis: plols 3 x 5 in), yields ot the (l0 
prelitninary. a'tvanced aid elite varieties 
tested\were very Ioiv (1.72-1 .0 t/ha}. 
Varieties yielding over 0.9 /ha ,vere 

IRAT 144, WA B 33-25. WABC 165. 
WAB 96-I - I. WA B32-46. II)SA 46. 
WAB 33-17. WAB 8II - I . CNA 4136 and 
WAB 9). 17. Fifteen entries ktere selected 
for further tests for grain yield. phenotypic 
acceptability, seedling vigor and weed 
suppression. 

The sustained yields inexcess nif 1.2 t/ha nf' 
a few pronising iriprinsed and traditional 
varieties after 2 years f screening ttider 
ltnsw-irrput Codititns is encturaging. 
E-fforts will be intensified ii 11)3 to 
inderl\'y Ire 'acttrsdeterrlriig inter-
varietal diflereices in grair yield, sseed 
suppressior and perforiance ii piuir soils. 

Ui 

Stress resistance rating a 

Glume Drought
discoloration stress Acidity 

1 1 -
1 1 -
2 1 -
2 1 -
2 1 -

2 1 2 
1 1 2 
1 1 2 
1 1 2 
2 1 3 

3 3 
3 2 
6 4 
4 5 
5 5 -

Breeding drought-resistant upland rice 
varieties 
M.Jm's anid K. Sahrl'awtr 

The lack or efticieni screening netlhods has 
hanlpered progress in breeding for drought 
resistance. In Decetiber 1991.1studies were 
initiated on varietal differences in 
resistance, recovery and yield under 
drought coniditio ls in tile u1pl.and ard 
hydrnm orpllic ecosyteris 'lhe inciliid 
involved suhjecting tM,o sets o' test anrld 
check varieties to 35 das's of tnlisture 
stress dining tlre vegetative stage (frot 15 
days after soving I or the reprtductive stage 
(frn 45 days afIer so%%ing). This allos ed 
Itir a etirrlparisori of drniugill resislance at 
tile t,.o stages anld took into account 
drought adaption, escape. avoridance ard 
recover'. 

I)Urirrg I9)2, 2500 e:rtries (traditional auld 
iiipred ilateri a arid ad\ anced 
breeding populatiois) ,.svere snissr in I il 
rotv,,. s%ith resistant ((OS 6) arnd susceptible 
(OR 20)1 check varieties repeated aflter every 



0 

20 entries. Four screenitts were conducted 
Iwo field and t-o scrtenhilse ), rcducirii 

the number of nrime.,to 200 ,ithlih, last 
evaluation. I:iturc. 13 showms the 
distribution of ,drhOUht rISISaIeI Scores 
in the ve letative aniid reprodticlive 
sttges. A poitive correlation het,,een 
I'Cs lil - "Cosce 1i itlese M 0 .tlil'C, 

(r= 0.1X9. 1)< 0.00)1 was obtaincd. There 
,'a'sa hi1hl,si,illiiitttc o rrie la tion 

beweenl resistance cor .allter 4 .eeks 
o 1oisttlle slrss llthe reproductive 
staiwe. andtseedlin \-itor r = 0.22. 
1)<((.(l ). and :i negative toirelrtilli U 

=(1.). I < 0.00)) heten resistance in 
lie reproductis- staice atnd leaf-rillin, 

ilbilit,,. 

The r.,,tlts indicate that varieties %\ith L'tod 
rCsiShICe atte reIrotdLiti cragie had 
-oodt. scedllin,,.'igor and high lei!*trollin-, 
,thili\ti,unce, ,.tress',c.onditio~ns i[Ile%CM.ibiltx de [.tese olml~itioii tlel\ Screening upland rice varieties for drought 
v-etetatit,e ,tiee. I~iiic, cilinsisteiitl, resistance, M'be, Cbte d'lvoire 
slit(.t in1gtood Ie.Istlilicce at oiltlh stiles 
\kt e:\ .\1i 34011-1-li -1-113. IR 47 31)
Q-1-4-3-1. FAROX 312. W.\IB 
272--1-7-112. WA0 92B-0 -l - 1-111 .ll.. 
WAB 320-11-1. 12-112. WA 0 320-13-
Ill., 47,-u- - I- I. ("1,775-5-17-4-

tile 1992 wet seasioni 112 entries. as well 
its43 entries froim tileIlternational Rice 

'DrtihtlTolerance Nursery ( IRI)TN I. vere 

In 1992 WARI)A conucted research to 
lpgrade levels of blast and drought 
resistance inimprtved lines,.usin tile 

2-II P. IR.A II, W.AB 56-125. WAB 326-
B-W2-113. WAB 326-B-13-22-11 1,WAB 
56-5)). IR .5'7,8t)3-bt tll( )S 6',. 

screened in an olbservational yield trial 
cOMdu'cted at bhand Korhogo. ('6e 
Tl-,Ioire. l)rotilt ,.,asse,crc duringt2botli 

miale-sterile (ills) facilitated rectirrent 
selection Schemie. IR 30 (ills) tstie 
fenale pareits Crossed w%ith tile 

rolth stages at,i torlio btut ild intile folhowin donOr pilllts identified tsbeing 

Figure 13 Frequency distribution of 
scores for drought 
resistance in 200 selections 
after 4weeks of exposure 
to drought during the 
vegetative and reproductive 

vegettlis-e stage a.)lNI'b_. The top live 
yilders (ine\cess, of 3.) andI .) t/I it 
,,bhOand Korhogo. respecti -clv) -.tere 
WAB 326--B-22-1tl. ..\ 5 -50, 
WAH.\326- 13-1-12-112. W.\IB7 1 2 1 
Ill and WA Bl22b-11-) 114. f (lie 112 
entries. 15 \%ere selet for e llutitll ill 

atlleast iioderatelh, resistalt to 1t lutghl 
and blast: W,\]II) ()--B-2 1-I1. 
WAB t )5-lB-14-112. WAB 95-1.l-B-27-
Ill. WAl9 -1 I-B-S II1. WAI 95-13l-1-2)
111.W.\B 95-13-11-23 -111.\\'.\W I(o-i,-It

22-11!. WAB 100-3-11-24-111. 
Mloriberekai. ()S 0 ain II)SA 78. 

stages, 1992 las k I :,cre ic12ima.Il trials sCI1d lIed for I.-pro ,'nies \%ce illterpliillted with IR 36 
1993. li tie IRI'N. 15 promllisiing lines (ills) to prduce F,aiid Iack-cross seeds 

60- -tvith a score of I.and 22 with a score if'3. siinultaiieiiuslv. '[lie iiterbreedingu 

: no damage. 9dead plant will be atdVaced to ibse rt alionl ield
trials in 19(M. 

pIill it ions %cre 121.11wn at I 'h and 
severll prtllisinglapilllselections were 
itade. 

40 -Breeding for disease resistance 
Ml..hgol,. v il5;,,/.Mhmdei 

Observational yield trials i f I 12 entries 
selected in1991 for field resislance tio blast 

ut t.Vet'kregr)ili at NI dK :I Mtli. C6t 

Sources of durable resistance to blast. (ile 
most inmp'iortaiint rice disease ii West ,,\frica. 

d'lvoire. The entries that yielded ts\ ellor 
better thai tle checks twere ('NA 70795. 

2-have lieei lnIild in siiie ..\l'rican lIandraces. IRAT 209.\VW.\II 50-57 WA 1(33-1 7. 
-I including Moroberekan. OS 6.63-1(4 alid 

IAC 23. These varicties+hat\e be.en iused 
II)SA 6. WABC 1(65. IR 4768-9-2-B. 
(T i775-5-17-4-2-8--P. W\AB IN1-5) and 

extensivelv i Iiritli/ition Mi tnutatitiil I'A I18. At NI *b(i. ts here hlat ple~stue 
research inilie re ion. ()tlher kiarieties %tasoh\in I ()2 I I entries yielted over 
sht ing ittCrateito hih let els oftverticall 2.5 t/lia. compareld Ito2.2 t/ia for the 

0- resistan,..ceblast include ITA I I. ITA check. loilmbereken. The selected entries 
Vegetat,' stage Reproduclive stage 257. ITA 25. WAIB 99.1 - I. IR.'[ 144 antW..NB 56-57 ill be ftier . tluated ii .-iltl and stress 

trials in1991)3. 

U 



Breeding for insect pest resistance 
A! Jones aind L-.Ieinicrh.s 

e \bout 211ol the itwore than 80Oinsect species 
S harboured by rice in West Africa cause 

> econotniC losses. Insect pests are generally 
more important in lowland rice: in upland 

> rice, the prolnged drought pressure 

z between harvesting one crop and planting 

Z 
the next reducest population build-up. 
lowever, stem borers, termites anti grain-

sucking bugs can be important iniupland 
> fields. 

Breeding for varietal resistance to stem 
borers began at WARA in19-)8(. Research 
nfocused
on the African %%hiteborer 

O(MIli(rph, Upa tt'Io) . the African pinkh 
borer (5'esania i cnims )ai1id tl,stalk-

0 eyetd llyI)iopsfis hu,',icwnis.. Field 
screeniig of ltvalced lines aillti traditional 

- varieties at M b. Nian and Odiennc in CCte 
d'Ivoire has identified several liiies with 
resistance or imioderate resis tance to sterni 
borers: some of tliese line-. (including 
Morobere k:in, OS 6.LAC 23.Madeka I), 

ITA 121 anit TFOX 936-153-5-3-3) were 
used as doinors iti14 successful crosses 
Made during 1992. Segregating populations 
%ill Ie evalnated iin 1993. 

Breeding for resistance to soil 
mineral stress 
Al. Jones, K.Sahlrawat and 5'.Matl 

The acidic soils on which much if the 
upland rice inWest Africa is grown are 
coninionly found in the hurnid-forest zone, 
where rainfall can exceed 2000 in1ii per 
anlti niii.P de ficiency and Al and Mn 
toxicity are also coiinitoit in the soils iii the 
region's hulmid tropics. Breeding for 
greater tolerance to these stresses offers 
considerable promise for increasing 
production oil 	 iarginal and less fertile 
lands btut the development of efficient 
labtratory screening tecIhtiues has been 
inhibited by difficuIties in controlling thesoil sVSten, tdescribiitg antt reprotiitg tlie 
stresse, deiing a pr c igstre 
stresses, ani isolati it harthitlar stress 
response froti that of'otlier stresses, 
WARIA is therefore conducting analytical 
field screening at a 'ht spot' location in 
Man. C6te dlvoire. 

In the 1992 wet :eason. 1410 elite varieties 
and advanced liles were screened in soils 
with a pH of 4.5 and low P availability 
12.9 ppm Bray- I extractable I1.Ai 
augmented design was ti':"d.with the check 
varieties LAC 23 (tolerant) antd ITA 311 

(susceptible) repeated after e%ery 20 
entries. Entries showing tolerance to acidity 
and associated soil problems were IAC 
165, IDSA 75. WAB 96-24, WAB 96-5-1. 
WA, 181-44. WAB 31)-24. WAB - 1.96-)1 

CNA 762069. CT 6258-5-2-3-313, IREM 
192, WAB .32-80, WA B 32-59. WA B 33-
17, IR 26957-86-2. KU 82, WA13 35-2-Fl, 

WAB 56-50, FFA 335. CT 6240- 12-2-2-3-
61' and WAB 56-125. These antd other lilnes 
will be further tested in observational yield 

and stress trial. 	inI993. 

Hybridization and selection from 
segregating populations of upland rice 
A..Jones 

Work coninued inI992 oilsearching for 
new donors of Orza saiva (.japollila and 
idi-ca) and 0. glaberrima orig in witi 
desirable traits to diversify aid broaden tile 
genetic base of tnew breeding itaterials. 
rie uplaind breeding prograin tised a 
limited number of parent's. einphasizing 
selection of parent cintbinations of the 
traits retluired to achieve desired objectives. 
To itniprme their resistance and yield 
potential, elite varieties aitd breeding liies 
were used extensivelv incrosses with new 
donors. 


A crossing block of 58 entries was grosn 
in the 1992 tfry season inltier irrigation 
Seventy successful crosses were made, 
ailied at i1corporating genes for high yield 
( 12), appropriate plant type to conlpete 
with or suppress weeds (2(l). blast 
resistance (8). drought tolerance (151. 
acidity tolerance (5) and good grain tutality 
properties. includiIg good aronia and taste 

and grain elongation abilily ( l10. 0Of the 
4()1) crcsses niade in IQ8,-9() to incorporate 
genes for high itI i earliness and short- to 
tllCdill-StalLre into improved varieties, 70 
1., populalions \%ere gro\ n in 1992 for 
advancing to F, and possible use in top
back- and diouble-crosses. Fifteen hvbrid 
combinations \%ere taretetd to 

hydronorohic conditions the others were 
for rainlfedLiUplands, inlaillvto con ibile
 
improved plant type aind adaptability with
 

good aroa anid taste and resistance to 
blast. drought and acidict. Currently. 71 
F, populations are being evaluated antd 
36011 selections with a ranue of traits have 
been nade.Selections st.ill be evalated inl 
pedigree nurseries in1993. )f tli 14111 
F.1-F7 populations screened under high- and 
low-ittptt levels of nianageitenl in1992. 
over 1211) individuals were selected: sorte 
of (lie selected liies coibinie a range of' 
traits (see Table 181. A total of 241) fixed 
lilies were inllk harvested for promotion to 
observational yiel trials ii 1993. 

Iliresearch oii the poteitial of o. elaber
rima. five successful crosses (WAB 56-I-/ 
CG 21. CG 20/WAB 56-125. 
CG 20/WAB 56-104. C(i 14/WAB 56-14 
anid CG 17/WAB 56-14) wefe obtained 
Ifron0..sativaand 0. ,ilaherriinapareits. 

The 0. ila'h'rima varieties ('(G 20.CV 14 
and CG 17) possess tliseful traits for 
drought, blast aind acidity tolerance. weet 

suppression, auti good arolna and taste. The 
FIand F, populations iatd vigorous 
vegetative growili, with secondary branches 
oit the paiiles: lieuiles, htoevcr. were of 
the lort ,glahrriiatype. The high 
percentage sterility inF1 aint F, (> 91(4 ) 
was improved slightly (by 20 )4through 

Table 18 	 F2 crosses yielding desirable lines under low- and high-input management 
in the upland pedigree nursery at M'b, C6te d'voire, 1992 

No.of plants 
Cross Parenls selected Desirable traits 

High input: 
WAB 492 WAB 56-104/DR 2 400 Appropriate plant type, high yield, large panicle, goodtaste and aroma, resistance todiseases and lodging 

WAB 49 WAB 56-125/Suakoko 8 100 Appropriate plant type, resistance to diseases and insect 
pests, tolerance to acidity and phosphorus deficiency 

Low input: 
WAB 463 WAB 56-14/45 205-1 99 	 Rapid vegetative growth, appropriate plant type, high 

yield, good performance inlow-nutrient soils, drought 
resistance 

WAB 470 CG/DR 2 150 	 Rapid vegetative growth. drought resistance. 
intermediate stature, good performance inlow-nutrient 
soils, good taste and aroma 
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hack-crossing: anther culture is now 
used to address this problem. 

being than [ie local checks) were WAB.32-80,. 
WAB 3.1-25. WAB 50-1(4, WAHC 165. 

WAB 32-80, WA13 32-46, WA 90-18. 
WAB 99-24, IA( 16 and lTA 150. 

WAB 65-50. IDSA 10. ITA 257 and 
Crosses were Made hetwcen uplaiiJ WA 99-1 - I. lie lirst four perfarned very NARS reconiniended over 154 varieties 

-

(japoi.ia) and low land (indica) varieties to well at humid-forest sites in Guinea, and 50 segregating lines for inclusion in 
initgress desirable indica traits into upland (;Uillea-Bissau and Sierra leone: the last regional yield and stress trials to he 
INypesand vice vers:i. The los kind types three pertorlIed sIellhisavan na areas. At conducted by tie ,RIHIF in 1993. 
generally have better res istance to lodging, Sites iniilne cou ntries. 342 entries swere 
high tillering abiliy and higher yield; the screened for resistance to blast and other 
upland types have better resistance to blast, disenses. Iliwetern Canieroon, northern Hreeding for irrigated lowlands 
drouglht. acitity and rice vellos lottle GuinCa and north-ss estern Sierra I eone, .N.Singh 
ires.lie japoni(ia/india crosses also blast and glume discoloration were severe. 

showed goti seed set and 3)- 1; sterility 
in the F, hybrids: again, allther culture is 
being applied to overcome this sterility 

Mild blast pressure was recorded at sites in 
Benin. Burkina Faso,(4uinca-Bissau. 
Nigeria and Seiegal. Te best enytries si 

In the 1992 regional irrigated lowlatnd vie]I 
trial, work continued oinselecting high
vielding liies ssilI selI i -dwarf plant type, 

U 

probleni. resistance to blast at more than ore site iron toxicity tolerance, and multiple 
were IDSA 62.NDR 97,WAB 181-36. resistance to eat and panicle blast. rice 

r,,nd Rice Breeding Task Force 
WAB 181-1I, WA13 181-49, CNA 0675, 
CNA 6719, IDSA 6,WAB 38 1-B- I 2-i, 1, 

yelloV mottle virus and African rice gall 
midge. Tsenlty lines selected in 1991 were 

regional trials WA13 38 I--3-17-1,4. IRAT 144 and grown iil aii advaiced trialIat I I sites inl 
Jfhv.ii FAR() 41. Over 3(01)entries w ere screened WARDA nember countries. Blast wsas 

Elivironiitenlial and socio-ecolllliC 
constraints to rice prod,iction ill West 
Alric reduce average grain yields to less 
than (.8 t/ha. The Ulpl:ld Rice Breeding 

for drouglit resistance at Il sites iinBenin. 
Burkina Faso. Cha.l, (6te d'Ivoirc, (Guinea-
Bissau, Nigeria, Senegal and The (4aribia. 
Among the 48 varieties/lines slich weie as 
resistant or more resistant than the local 

observed in ('anicroon, gall iiidge and iron 
toxicity inNigecria (Wuya).rice yellow 
Itottle virus ill (T6te d lvoire (NI1,,. and 
leaf scald aiid brow i spot ill(lte d'Ivoire 
(Mouak, I and Sierra Leone. Ilie 

Task Force ( RBFF) svas established iin 
1991 to involve all rice scientists iii 

checks. the best swere WAll 99-I - I, C'NA 
669)8. WAB 32-60. WAB 181-46, WA13 

perorrnmaice of the best entries at eight sites 
is sunnmarized in Table 19. 

WARDA and the rcgioi's NARS iii a 181-51, IRA' 144, WAB 326-13-B-9-LI 
collaborative research eftort to overcome 
these constraints. taking into account the 

and WAH 326-B-B1-4-13. In five acidity 
and low 1)tolerance trials at "hol spot' sites 

Ii ill on-station replicated yield trial at 
lbadan, Nieria. of the 358 lilies tested for 

varying strengths and weaknesses of the 
NARS and assigigi research 
responsibilities accordingly. 

inCTUte dFlvoire. (uiinea-BissaI, Sierra 
Leone. 'T'lie Ganibia and 'Togo. 34 of the 
284 varieties/lines screened swere selected 

yield potential. six were significantly better 
than the best check (IR36): TOX 3057-7
4-1 -I. "1OX3118-56-1-2-5. 'FOX 3249-49-

In 1)192. 54 U RB'F trials wsere conducted 
for further study. Arong the entries 
which perfuonuied swellacross sites were 

2-3-1. TOX 3109-73-4-1-3, 'FOX 3054-12-
1-3-2-I and ''OX 3440-164-2-3-1. lhe trial 

inWARDA miember countries. Over 2000 
fieid and segregating populations were 
tested iii observational nurseries (for yield Table 19 Top-ranking entries in the regional irrigated lowland yield trial, 1992 
and/or stress) and replicated yield trials 
(groii ped by duration. stature and grain Location Entry (yield) 
traits, withi separate yield trials of rtaterials 
selected for stress resistance). The Niaouli, Benin ITA 306 (5.4 tha), TOX 3081-36-2-3-1 (5.4 tha), TOX 3050-6-E2-3-4 (5.4 t/ha). 
comipsitiioii Of iindividual trials was based ITA 230 (4.5 t/ha). ITA 312 (4.5 tha) 
on requests froni individual NARS for 
specific combinations of traits. IIt general, 
the observational nurseries were planted in 
single plots (4 rows, 5 i lotug), with local 

Lagdo, Cameroon 

Bouake (IDESSA) 
C6te d'voire 

TOX 3050-6-E2-3-4 (7.0 tha). TOX 3081-36-2-3-1 (5.9 t/ha),TOX 3107-39-1-2-1-1 
(6.9 t/ha), ITA 306 (6.7 t'ha) 
ITA 338 (7.0 tha), TOX 3050-6-E2-3-4 (6.2 tha), Bouake ITA 230 (6.1 t1ha), 
TOX 3058-52-2-2-3 (6.0 tha), TOX 3092-35-2-3-3 (5.8 L1ha) 

check varieties repeated after every 20 
entries: in the replicated yield trials, the 
plots (I0 rows. 5 ni long) were replicated 

M'b6 (WARDA) 
C6te d Ivoire 

ITA 338 (4.8 t/ha), ITA 334 (4.1 tha), TOX 3217-69-3-1 (3.9 tha),
TOX 3052-46-3-3-1 (3.7 t/ha). Bouake 189 (3.6 tha)a 

four times. Seeds of segregating 
populations were dibbled at 2-3 seeds/hill 
(25 x 25 cluspacing).pertlier application 
and tther Cultural practices reflected the 

Badeggi. Nigeria 

Wuya. Nigeria 
(on-farm trial) 

TOX 3050-6-E2-3-4 (2.9 tha), ITA 410 (2.7 tha), TOX 3052-46-3-3-1 (2.6 tha), 
FARO 29 (2.6 1/ha) a 

. TOX 3081-36-2-3-1 (2.6 t'ha) 
TOX 3107-39-1-,,-1-1 (5.1 t ha), TOX 3233-46-3-3-4-2-2 (5.2 tha), ITA 306 
(5.1 t/ha). TOX 3081-36-2-3-1 (5.1 tha), ITA230 (4.9 tha) 

corid it i 1sconm1only found in each 
c0ulutry. Rokupr, Sierra Leone TOX 3255-82-1-3-2 (4.1 t,,ha). TOX 3058-52-2-2-3-2 (3.9 tha), ITA 306 (3.8 t/ha). 

In the short-, medium- and long-duration 
replicated yield trials (10,7 and 2, 

Bakendik, The Gambia 
TOX 3109-73-4-5-1 (3.6 tha), ITA 410 (3.3 tha) 
TOX 3233-46-3-3-4-2-2 (46tha. ITA 324 (4.6 t ha). TOX 3109-73-4-5-2 
(4.5 tha), TOX 3217-69-3-1 (42t ha). lET 3137 (4.2 tha)a 

respectively) conducted ill 14 countries the 
best yiclders (all yielding as much or more Note: a Local check 

M 



kvas repeated at Wtiva, w,,here the check Table 20 Top-ranking entries in the regional rainfed lowland yield trial, 1992 
TlA 306) gave the highest yield (5.)i/ha). 

ITA 4)2, ITA 414 I'OX 310)7-39-1-2-1-1 Location Entry (yield) 
Z; and TON 3402-6-3-2-2 also gae higi 

y lested in the 1')0i3 Niaouli, Benin TOX 3133-75-1-2 (6.1 tha, IT,342 (59tha),Cisadane (5.6 thal,vields and k ill b 
regional irrigated los\ land ,ield trial. There TOX 3052-39-1.2-1 (56 tha,. TOX 3154-17-1-3-2-2 (5.4 tha) 
kas iild gall idge iolestalion (1-5( )lt Banfora, Burkina Faso TOX 3069-66 2 1-6 (67tha). TOX 3118-2-E2-2-1 1(6.6 t-ha), 

> Wuva: lhree enlries ION 339)-121-1-3-2. TOX 3133-74-1-2-2-2 (61 tha). TOX 3552-84-1-2 3 (6,1 tha). 
TOX 158-4 1-1-1-2-4-2 and T(A, 3231- TOX 3052-56-3-1-3-2 (5.9 t ha
 
31 -{ -2-6- I ( ,s ere se.erels iltksed
3 1--21'; ) hrbakanae. Bokle, Cameroon IR46 (6.9 tha). TOX 3100-32-2-1-3 5 (62 tha). TOX 3084-131-1 3-1-2 (5.6 tha),1 - 1 ITA 342 (5.4 tha), TOX 3133-74-1 2-2-2 (54 tha) 

In an observational yieid trial. 130 entries Bouake (IDESSA), TOX 3084-136-1-3-1-2(9 0t ha) ITA TOX 3052-41 -El -2-1-2(8.0 t'ha),342(8 1 t ha). 

_,slected front pedigree lines were evaluated C6te d'voire TOX 3118-2-E2-2-1-1 (6.9 1ha). TOX 3100-32-2-1 3-5 (68 tha)
 
for )elt) potCntial in an aucunltentedI Mbe (WARDA), IR46 (4.8 t ha), Cisadane (421ha),
TOX 3052-39-1-2-1 (44 tha. 

dCSign. [lie best NieLrs were FOX 3440- C6te d'lvoire TOX 3052-56-3-1-3-2 (39 t ha), TOX 3095 52-3-2-3 (3 9 tha)


""1 47-4-2-3-2 and 1F MS( -(1-37-1- - 1-3-1-2:
entries sained4 2 oo 7rsista-e ba-2 Canluboel,Guinea-Bissau TOX 3100-44-1-2-3-3. TOX 3100-32-2-1 3-5. TOX 32267-1-3 2-1anS tie retintder _hosed moderate TOX 3118-2-E2-2-1-1. Senquere" 

0 resistance. (ail itidge attack was observed Badeggi, Nigeria ,OX3100-44-1.2-3-3 148 tha). TOX 3084-136-1-3-1-2 (47tha). 
1hut 1- entries had to infestation: their TOX 3052-41-El-2-1-2 (43tha). TOX 3410-151-1-3-2 (4.1 tha), 

ill he :."aluiated it- tesistaite ss illgall tttidgle TOX 3069-66-21-6 <3.9 tha) 
screenini trial i I)Y)3. Based on planlt Wuya, Nigeria TOX 3100-44-1-2-3 3,(48( ha). TOX 3084-136-1-3-1-2 (4.7 tha). 
hei,.ght. 2)) and 33 entries s,.ere selected for (on-farm trial) TOX 3052-41-E1-2 1-2 (43 tha), TOX 3440-151-1-3-2 (4.2 tha). 
rainled and irrigated lowland trials. TOX 3069-66 2 1-6 (39tha) 
reSpecI)Clis t ohec nOIt d(ieill I 993 .Rokupr (WARDA), TOX 3100-44-1-2-3-3 (38tha), IR46 (3.3 tha), Kualic Kundir (3.2 tha) , 

Sierra Leone TOX 3095-52-32-3 (3.2 tna), TOX 3133-74-1-2-2-2 (3.1 (ha) 

lreeding for rainfled lowlands in Djibelor, Senegal TOX 3118-2 E2.2-1-1 14.5 tha).TOX 3100-44-1-2-3-3 (3.3 tha).
 
fas oral)le areas TOX 3100-32-2-1-3-5 (3 0 tha). TOX 3052-39-1 2-1 (2.8 tha),
 
/1.N.Sil TOX 3052-56-3-1-3-2 (2.7( ha)
i~h 


A regional rainfed losland yield trial of 20 Note: a Local check
 
elite lines %ias coindicted at 13 sites ill
West 
Africa in 1992. Severe African rice gall 
inidge inftestatont v,&, observed it (uinea- auguntented design. with five checks rnaterials yielded betier than lowland 
Bissau: Mild infestatiOntt lSObserved in repeated alter every 10entries. Gall utidge mnaterials. Hlowever Four lowland varieties 
Nigeria (,uya~t) and Setegal. last "'as infestation was tild. Seventy-nine line, CTOX 311)0-44-1-2-3-3. FARO 34. TOX 
recorded in Senegal and ('ateroon. rice yielding more than 4 I/hia 3217-69-3-1 and IIA 315) had low panicleand sltowing blast 

Nellowtlnottle it ('6le resistance were selected. Based on plait sterilitl and their- iers vte cotlparable tovirus 'lIvoire 

(NI'b . and browtt spot atid leaf scald ill height, entries were pronoted to tile the best upland lites.
 
Sierra Leone and ('ole dl'loire BtltCktL). irrigated or raiifell lowland repli ,,v.lt
d yield 

The best etttries alII) sites, togetlIer wvitlt trial. Ili1))2. 115 tiew ciosses ssere iade An advaneed vield trial of 28 entries iin 
sonic yield data. are listed ill usig blast-reSisttil dottr atid elite three replications wstratnspltnttLed to .iTable 20. 

rainfed lowlaid lites. About 3572 pedigre_ hydrottoiphic phl at Ibadan. Nigeria. The 
In an itt-,;tatiott trial atlbadln Nigeria, lines front -I~gene.'ralis were evaluited trial \kits transplanted late. due to the 
406 entries were evaluated for yield atid itndividtal pIlnt seectittsSwere ttaide. delayed offset of raill. lewater table 
potential. At Wuva. 28 entries were Unifortn advaniced lines wvere bulked for flicituated 1t1'1 sulrfice to 7) ciii depth. 
evahta-lli. The best entries allVu'a,with yield lesting. Table 21 iitliiari/es the perforlillace of 
yields signiicantly higher than the check Ite best entries. I.ate inittirint entries 

-(IR46). were TOX 39)63-9 I-3 (4.2 I/ha). g-nerally ivelded better tian earls ilaltluriht 
TOX 3162-1 1-1-2-1-I (3.5 Ol atld TOX Breeding for rainfed low,lands in entries. The ctir'elaiiOll beivseeti grtin yiell 
3399 -3 -2-2 (3.4 tla). i soie entries. drought-prone areas ssa, 0.42. aillid rainald Ilov enting betv.,een 
hakanae inxestatitoit ais higlh . yield and platit height ).51).as 2X'4 / .N.SMn'h "licse atre 

-Medium-duraliot linesiTOX 339) 157-1- intportant seeclitll critlria lot-breeding 
3-2. TOX 3580-12-2-2- I-I.IOX 3580-41 - Three trials,to select fur drought tolerance dringht-lleratit iainled lfies tinder 
2-2-2-2, TOX 3552-84-1-2-2.ITOX 3552- iinrainfed Iwlands ws-ere cOtlLiced ill trantsplatted conditiotis ill a sub-hittid 
80-3-3-3 anid ''X35(I-4 1-3-1-3) were 1992. T'hie first. coniprising upland atid ecoloty v.ilhit idal raitnf:ll patlcrt. 
susceptible to bakatae. lowlatd rice vairiet ies. sas cttduted a stch its thit fotid itlIlada. 

MOussOurou. Benin. lie ground wter 
Al tbservational yield trial swith 282 table was belhis 50 cin for the mniiior part of' li ati obser ational sield Irial. I()) et lies 
entries was plantted lllbadan in an the crop groslvt and [hitill nst upland s%ere evaluated tntder rtilsplallted 

U
 



0 

Table 21 	 Grain yield and other traits of entries tested in the rainfed lowland ti's'd in a auniniiicd design. %itli tirec C) 
drought-tolerance advanced yield trial, Ibadan, Nigeria, 1992 checks alt r ccr' ill ,i ic,. Ilhc cmtricn

included 54 Ineis Iroi WARI),.\ ' 

Grain yield 50% flowering Plant height Panicles, %bakanae iiliaIIIII'C N. Mill8))Ics'cC l _rgmilill 
Entry 	 (tha) (days) (cm) hill infestation Rokpnr, icrra Lcoiic. 'l1. ;t.'r l. ciI',,v'. 

- iilain d it (-30 cm for 45 '£tvS.
TOX 3084-136-1-3-1-2 3.6 125 98 8 0.4 Twiit',-onc lin,.ii,haid ill ziccclphility scorc 
TOX 3154-17-1-3-2-2 3.5 122 99 7 scorcd 'Th ill he 
TOX 3963-8-1-3 3.5 126 105 9 1.5 

0.0 of1: 56 Iil. .. ,c lile, %% 
,valtiatcl, in , replicaict ,,cid trial i 199. 

TOX 3552 80 3-2.3 3.3 123 93 8 115 
ITA 328 3.2 129 94 9 0.4 ,losi 01n0r' c Ira. '.\ crc carl', i.itliii 
TOX 3118-47 1-1-2-3-2 3.0 124 100 7 0.2 and all. w..itha Iiolcii plitiii t'pc: soliii . 

TOX 3580-45-2 2-3 3.0 128 91 8 1.4 himevlcr. ,.'.cc tprilising, (iiicludii.IWAR 
TOX 3118-3-E- 14 29 129 90 7 0.0 52-384-3-2, W.\R 10)0-6--I <nd WR. 
TOX 3957 17-1 1 2.8 127 98 9 0.4 102-1-3-I). l)iii th 1992 ,ct '.U'.oii.
 
TOX 3580-122-2-1 2.8 126 94 
 9 7.6 294(0 pdircc lilies '.tcrc Ltcscd for
 
IR46 (check) 1.8 114 88 9 
 ichlrl at0.6 tolcrancc te ,. ato iiicd ucondition 

Mean 	 2.6 120 92.3 7.5 - Ibhdan and inidi\ idual scletilS w crc 
,LSD (5,o	 0.8 4.0 5.6 1.4 _ niade. 

CV 	 18.1 2.0 3.7 11.5 -

Breeding hos land rice va ieties for
 
colnditions ill Ilat hydroniirphic plot at t1-111 199''ic ,'vas resistance
ilcs SclcctCd thc Id trial, (isease 

Ibdtan. The wter tahlc tltCliatcd from grown at nilcl sites ill West Africa. Will I..
 
50 it) 90cin depth for .3,cck., ill the cxcptimi ofit[li cit Ihadan, Nigcria.
 
Scptcniher, 2 wcck. aftle Ilie %%,l ait ll '. as ICS,111;1c.ccfih 	 1992 oiltraii'plailtin. atcr dcpti itc'., cotinue d in lic
 
'Ilic\, t' the chlick ,iriciic'. -5. hill 10 adcthiiatc dcvclipiciit of improvcd lo\vland lincls
cil. IT..\ 23:. 25 iiistIrc \k& ;RIa uhtil 
OS 6 and IIR211. '.A IO. and t , iioii-i'dcii 0 ith to and paicic blast (tfhe'.'crc l/ha. a/nd In;.rturit(, llatlil1atun plant rc'.islaiicc l 
I.0 i/11a. cespccti.cl\ l i~md lii.s ith 41 Maior:,1 I6 an tvpcs %k ithiguht o' aih1 nin di*,,a'sc risk ill droilht-pr'oc rainfcd 

[lA 2.35. lox'. lnd ccOiiCcS . ricc vc iiiotliUSNicldcd iiiore thi Ihe hihcst iicececd for illcsc ciiidititnis. Secvral line I	 11o110C 
,icId'. IC 	 h~rud bC, I () 355230---2 pciloricd %c'll ;tors the region and Icar ,cald. 

(4.5 i/ha). IOX 3515-47 1-1-2 .7 t/fiil Table 22).
 
and TO 3551)-il - 1-3-2 3 . t/hla. A rccional cal indl paniic blast scrccning
 
'ro iii',ii! lilies '.. crc tc",cd lor droiitlit Ilthc ohscrvatioilal ie liI trial for nurscrv of 66 1,li Iclos land lilies.
 
tolcrawc in [ilie \evlais c nlauo at Kamti. vwatcrlogtcd condiions,. 212 entries were prcvioU'IV ,.crccncd at Ihadan. Ni ecria for
 
nortlhcrn Nicria aid at lhadai in uplalid
 
condition.. "luotil rainl ll at Kiiio a,
 

5085 11.ll, with tlic rilnhl St{l' phlj il lid- Table 22 Top-ranking entries in the regional yield trial for tolerance to medium-deep
 
,Scptucir.Drught ,,orc,, If ,,cd til tlic waterlogged conditions in rainfed lowlands, 1992
 
IRII slaind ird ,salu1itioln s,,,toltni) 
 vcrc
lakcn at Kano1 duri ng (lieIirst wc'k of Location Entry (yield)
 
Octobir. IR 21) ,cored 7: 28 enries scired
 
3 aiid ,,rc coiiparahi to OS 6. th Ulpland Banfora. Burkina Faso TOX 3440-164-3-3-2 (7 5 tha), TOX 3081-36-1-4-3 (7.0 [ha),

tolera.lnt ch,.eck. I)rti~ht scoiren ,,.ere taken 	 lOX 3055-10-1-1-3-3-2A (6.7 tha), lOX 3162-11-1-3-11-1 (6.5 tha).ito lc-aidan 5 dar li the rinlcs,, perid. 	 TOX 3809-53-3 (59 tha) 

IR 20 ,cored 9 (ic riiiancint wiltilig): I I Nyankpala, Ghana TOX 3052-41-El-2-1-2 (8.3 t hai.GR 21 (6.6 tha)" .TOX 3440-164-3-3-2 
liliis scuired I. vk.hi. 15 scorcd 3. ID)uring (5.8 [ha). TOX 3399-64-2-2-1 (56 t hal-OX 3716-5-3-1-2 (5.5 ['ha) 
the 1992 Wct caOll, 39 1:, bulks Iid 17 12 Badeggi, Nigeria TOX 3118-47-1-1-2-3-2 (4.4 t ha). TOX 3440-164-3-3-2 (3.0 tha). 
F liies %%crc scrceced for drought TOX 3399-64-2-2-1 (2.6 tha). TOX 3552-109-2-1-3-2 (2.2 tha). 
ttlcranc anl individual plant sclclions TOX 3162-11-1.3-1-1-1 (13 t ha) 
wcrcv iafcti 149Icil croscs wcrc iritfc irnin Kebbi, Nigeria TOX 33-99-64 2-21 (5.0 tha. TOX 3399-84-2-1-3 (43 tha). TOX 3226-5-2-2-1 
irndiulviti hiplan drought-tolcrait uoiors (4.0 tha). TOX 3118-47-1-1-2-3-2 (2.9 tha), TOX 3440-1643-3-2 (2.5 [ha) 
and clitc lowland tileic. 

Ibadan (ITA), Nigeria TOX 3100-12-1-3-1-2 (1 7 [ha). TOX 3716-5-3-1-2 (1.6 tha). 
TOX 3399-64-2-2 (1.5 Lha).TOX 3399-84-2.1-3 (15 t ha). 

Blreeding for medium-deep ",,aterlogged TOX 305241-El-2-1-2 (1.4 thai 
conditions in the rainled hivwhnds Rokupr (WARDA). TOX 3553-65-3-3-1 (4.8 tha). TOX 3100-12-1-3-1-2 (4.5 [ha). TOX 3399-84-2-1-3 
/.N. Singi Sierra Leone (4.2 Lha), TOX 3081-36-1-4-3 (4.2 [ha). TOX 3440-164.3-3-2 (4.1 tha) 

Sulu Sinjang. The Gambia TOX 3553 65-3 3-1 (95 t ha), TOX 3399-84-2-1-3 (88 tha), TOX 3716-5-3-1-2A regi onal tria l for iid1-dccp (81 tha), TOX 3399-64-2-2-1 (7.8 tha). TOX 3055-10-1-1-3-3-2 (78 tha) 
(20-50 cn) watcrlo.ogcd conditioins in
rainfcd lowlands. c(insishing ol 20 elite Note: a Local check 

http:cespccti.cl


resistance to field wasisolates of blast. 

distributed to 16 sites in West A frica. 
> )isease pressure was hiLh at tieCalneroon 

siteand at two Nigerian , tes OIke nne and 
Onne)isieTable 23). )uring the year, 

> 25-50 F segregating hulk., Acre distributed 
ti nine collaborators for iisitm selection of 

> 'Lr-.t-resistant plants. Bulks shoviug 
z promisinrg perforn anee inetluded TON 

4148. TONt 4141. fON 4188L. T'ON 4192 
Z 	 and "TOX4222 (at ,Mbo, Caneroon) and 

TOX 4o63, TOX 4113. TOX 4115, TOX 
> 	 4123 and TOX -156 at Rokupr, Sierra 

Leone. 

x A total of 2511 lines seiected for blastNiea m resistance at Ibadan s,ere gro, iat Ikenne, 
)n:ic and Ihadan. Disease pressure sas 

high at Onne under natural infestation. For 
0 	 leaf blast. 14 lines shoss ing s,able 

resistance were selected and %%ill be further 
- tested in 1993. For panicle blast, -19 lines
 

had no infection and 42 were resistant or 

noderatelv resistant. In an observational 

niiursery, 456 lines fron difterent yield trials 
sjerc screened for blast resistance: 1(5 
5crc resislant or niodcratelv resistant and 
,'illhe further tested at Onne. Ikenne and 
lbadtan in 1993. Frot the first if theLvoeI 
iiale-sterile tacilitated recurrent selection, 
38 uniftni lines with blast resi aance were 
tested for yield potential in an observational 

trial: indi-idual fertile plants were selected 
for blast resistance frot tIleniale-sterile 
popu lation .In tle second Cycle of lie 
selection. which began in 1992, crosses 
were ii ade with ix tiew serii-dwarf blasl-
resistant donors. 

Rice velloss iottle viris resistance frot 
upland lines has been incorporated into 
lowland backgrounds, and 20 elite lines 
were tested in1992 in a regional yield trial 
at six sites. The trial at M'h' hahd natural 
intestation but at Ilbadan there was no 
infestation. The riost promising varieties 
are listed it,rable 24: the .cields of somie (if 
these varieties are included in the table. In 
addition. 450 lines were screened in a 
pedigree nursery and 125 ui Ioni lines 
were hulked for seed increase and yield 
cvaluat ion i the following season. A new 
prograti on nale-sterile facilitated 
recurrent selection for the virus was started 
in1992. Ina tiale-!,terile poIpula tion. 0182 
plants were inoculated aind (iIy 21 tolerant 
plants were isolated for ecurrent selection. 
Crosses werc made with five iriproved 
lowlad dono,, 

Using IRAT 144 (resistant) and ITA 335 
(susceptible) as tle checks, 200 lines were 

'Table 23 Eniries selected for leaf and panicle blast resistanc in a regional trial, 1992 

Location Entry (yield) 

Mbo plains, Cameroon TOX 3118-6-E2-3-2, TOX 3118-3-E-1-4, TOX 3034-136-1-3-1-2, 
TOX 3388-157-5-1-3 TOX 3052-41-E1-2-1-2 

Contuboel, Guinea-Bissau TOX 3050-6-E2-3-4 TOX 3257-86-2-1-3-2. TOX 3220-1-2-4-2-1, 
lOX 3053-40-2-5, TOX 3233-31-6-2-3 2 

Killisi, Guinea Conakry TOX 3519-4E-1-2-1, TOX 3084-136-1-3-1-2, TOX 3716-27-2.1-3, TOX 3544-8-1-1, 

Badeggi, Nigeria TOX 3226-7-4-1-3-3, TOX 3249-49-5-1, TOX 3114-10-1-2-3-3, ITA 410, 
TOX 3073-17-1-3-3-3 

Ibadan, Ikenne and Onne, TOX 3100-37-3-3-3-2, TOX 3107-56-1-3-2. TOX 3114 10-1-2-3-3, 

sNigeria TOX 3118-3-El - 1-4,TOX 3118-2-E2-2-1-1 

Table 24 Top-ranking entries in a regional yield trial for rice yellow mottle virus, 1992 

Location Entry (yield) 

Kartiguela, Burkina Faso ITA 306 (4.1 tha), TOX 3440-176-1-2-1 (35 t/ha),TOX 3233-31-6-2-1-2 (3.1 t/ha). 
TOX 3226-5-2-2-2 (3.1 tha),TOX 3058-41-1-1 (3.1 Vtha) 

Mb (WARDA), TOX 3233-31-6-2-1-2 (6.9 t/ha) TOX 3058-28-1-1 (5.6 tha), 
C6te d'lvoire TOX 3440-171-1-1-1-1 (5.4 t'ha),TOX 3049-13-1-2-3-1 (5.2 t/ha), 

TOX 3440-176-1-2-1 (4.9 tha) 
Ibadan, Nigeria TOX 3440-171-1-1-1-1 (4.5 t'ha),TOX 3058 28-1-1 (4.4 0-ha), 

TOX 3049-13-1-2-3-1 (4.4 tha). TOX 3217-69-3 (4.2 t/ha), 
TOX 3211-14-1-2-1-2 (4.1 tha) 

Rokupr, Sierra Leone TOX 3058-28-1, TOX 3055-10-1-1-1, TOX 3058-41-1-1, TOX 3211-14-1-2-1-2 

screened for leaf scald at Uyo and Ikenne, 
Nigeria. Disease pressure was high at both 
sites. Based on the IRRI standard 
evaluation systerli for rice, :t Uyo three 
lines scored 3,ald 32 scored 5; atIkenne. 
one tile scored 3,and Ill scored 5. Tie 
most tolerant lines were TOX 3050-6-F2-3-
4,TOX 3109-73-4-5-4-I. ITA 256. ITA 
326 and ITA 328. Leaf scald screening was 
also conducted at Man. Cf1c dtI'oire. ','ur 
lintes (TOX3058-28- 1- 1,ITA 326. ITA 346 
and ITA 133) scored 0-1.I)rintg 1992, 31 
new crosses were made with ioderately 
resistant donors. InI 1993, lie segregating 
generations will he grown at Nyankpala in 
Ghana and at Ikenrne and Uyo to select lot 
leaf scald tolerance, 

Breeding :owland rice varieties tor insect 
pest resistance 
B.N.Singh 


Good progress was riade during 1992 in 
identifying lines showing resistance 
or tolerance to African rice gall riidge 
(Orseolia or':ivoa),. stalk-eyed fly 
(liopsis spi.). white ste borer 

in
 

(Mi'/iarphtas7iparatella)and white fly 
(/eocy-otus inlicius)
 

A regional trial for gall1midge was 
conducted at seven West African sites. 
linfestation was severe at Contuboel, 
Guiea-issaui,noderate at Karfiguela. 
Burkina Faso and at Ndiokpoto andi lbadan, 
Nigeria, and absent at Mbiabet. Nigeria 
and atM'b,,Cote d'Ivoire. Prom ising 
lines will lie grown in on-farin trials in 
1993. These lines, toiether with soie of 
the yield igtires, are listed in Table 25. 
During 1991.I18 lines with resistance to the 
\sian rice gall iidge were screened for 

lesisance to the African rice gall 1idge 
at Gadza, Nigeria. Tiller infestation was 
2.0-27. 114at 55 days after planting. 
T 1477 scored 3 and ARC 6605. Phalgunia. 
Heera, Velluthacheera and l11'3il 
scored 5: IT\ 2 12 had the highest 
infestation. In collahoration with NCRI, 
Nigeria, 200 0. ,lah/rri lines were 
screened under artificial pressure in a 
screenhouse for resistance to gall 
Inidge. Infestation reached 88.)17 : 20 lines 
were highly resistant. showing no 
intestation. 



Table 25 Top-ranking entries inaregional yield trial for African rice gall midge, 1992 i1reeding hm land rice varieties for 
iron toxicity tolerance
 

Location Entry (yield) BA' .'inh,,t
 

Karfiguela, Burkina Faso 	 Cisadane (,,.7 tha), ITA 212 (4.5 Viha), 3W 348-1 (4.5 tha), Fromi the 1991 evaluation for iron toxicity
TOX 3967-17.1-3 (4.2 ('ha), TOX 3073-17-1-3.3 (4.1 tha) tolerance, 20 lines were selected for 

regional yield iaIals at 14 sites in WestBouake (IDESSA) TOX 3073-17-1-3-3-3 (8.2 tiha), TOX 3093 35-2-3-3 (7.4 tha), Cisadane (7.1 Viha), Africa. Leaf bronzing symptoms were

C6te divoire Bouake 189 (7.0 tha), TOX 3876-56-1-4 (6.9 t/ha) severe at sites in Nigeria (Anfani and
 

Mb6, Cote divoire 	 RP 1045-25-2-1 (4.6 tha). BW 348-1 (4.2 tha), TOX 3967-17-1-3, Edozhigi). Cote divoire (Korhogot).
TOX 3876-58-1-2 (3.9 ha). Cisadane (3.8 ha) 	 Guinea ConakrV (Kilissi) and Sierra [eoe 

(Rokupr). The trial at htoikin. Nigeria ssas
 
Contuboel. Guinea-B;ssau RP 1045-25-2-1 (1.2 tha), Senquere' (1.2 BIW severely lflected by African rice gall nidge
'ha), 348-1 (1.1 t/ha), 

ITA 306, Cisadane as well as iron toxicity. The best entries. U 
with sonc vield data, are listed in T,ble 26: C

Ibadan, Nigeria 	 TOX 3093-35-2-3-3 (4.9 ('ha), ITA 212 (4.6 t'ha), IR46 4.4 tha), Upland lints included in the trial periormed
 
TOX 3118-47-1-1 (4.3 tha), Cisadane (39 ha) very poorly,'.will low lillering and early
 

Mbiabet, Nigeria 	 Cisadane (1.0 tha), TOX 3118-47-1-1 (1.0 l/ha), TOX 3233-46-3-3-4-2-2 (1.0 t(ha), maturity. A regional trial to evaluate 12
 
'TA 312 (1.0 t'ha), RP1045-25-2-1 (1.0 tha) selected lines wi!l he conducted I 1993.
 

Ndiokpoto, Nigeria TOX 3441-96-1-1-3 (1.0 (ha), ITA 306 (1.0 ('ha), ITA 312 (1.0 /ha), Seed of 24 F3 bulk ,opulati0is involving
 
TOX 3073-17-1-3-3-3 (1.0 (/ha), TOX 3053-40-2-5 (1.0 t/ha) donors for iron toxicity tolerance were
 

distributed to three collaborators for in site
 
Note: a Localcheck 
 selection of tolerant plants. Pronmising bulks 

included TOX 4128. TOX 4140, TOX 
4150. TOX 416(Oand TOX 4305 (at

For stalk-eyed ly resistance. 132 individual infestation varied from 3.8 to 93%. Based Rokupr. Sierra Leone), 'OX 4320, TOX 
selections from various lines were screened oti tiller ifestation, two lines were highly 4118, TOX 4108. lOX 4107 and TOX
 
in two replications under screenhouse resistant (< 10/( infeslation) and 21 were 4248 (at 1kot Obong. Nigeria) and TOX
 
conditions. Flies were collected regularly nioderately resistant (I 1-2(1% ). 4131, TOX 4183, TOX 4172. TOX 4184
 
from tle field and released in te Ovipoition was monitored in all lines and TOX 4248 (at Edozhigi. Nigeria).
screenhouse. Infestation varied from 2 to being s; 'iened; 42 mnoderate to highly
 
62(/. Based on the average tillei susceptible lines were not preferred for egg Ai observational :,]eld trial of 135 lines
 
inlestalions limm three scorings dates. nine laying, while ITA 212 was highly favored was conducted at two sites in Nigeria. At
 
lines showed good resistance (TOX 3337- for egg laying. TOX 3559-6-2-I -! was Itoikin, the trial was severely affected by
 
31-1-2-1-2-3. TOX 3107-39-1-2-2-4. 'FOX least infested with white fly. gall midge and iron toxicity. Severe
 
3211-51-1-3-1-2. TOX 3226-10-2-3-1-1.
 
TOX 3264-78-3-I - 1-3-2. TOX 3337-301- 
2-1-2. TOX 33)9-31 1 - I. TOX 3440-90- Table 26 Top-ranking entries in a regional yield trial for iron toxicity, 1992
 
1-3-2 and TOX 3441,-133-2-3-2-1 ) were
 
selected for further studv in 1993.
 Location 	 Entry (yield) 

For stem borer resistance. 36 lines selected M'be, Cote dlvoire a' TOX 3050-46-E3-3-3-3 (6.5 t'ha), ITA 408 (6.5 tha), TOX 3118-47-1-1 (6.4 iha),
 
frorn the 1991 screening trials were TOX 3100-32-2-1-3-5 (6.4 tha), TOX 3052-46-3-3-1 (6.0 t/ha)
 
evaluated in three replications under field
 
intestation. Di;:sections were m;ade at Korhogo, Cote divoire TOX 3107-39-1-2-1-3 (5.0 ('ha), TOX 3100-32-2-1-3-5 (5.0 ('ha), Suakoko 8(4.9 ('ha),

maturily and data on tiller infestation and ITA 408 (4.4 tha), ITA 247 (4.4 (,ha)
 
lval and pupal populations were recorded. Killisi, Guinea Conakry TOX 4004-4-3-3-2 (4.7 ('ha), L26-6-9-1-1 (4.2 Viha), CK 73 (2.2 tha)' ,
 
Most of the damage was caused by the Suakoko 8 (2.0 Vha), TOX 3098-4-5-1-1-1 (2.2 t'ha)
 
white stern borer rather than the pink stem
 
borer. White stem borer infestation varied Badagi (NCRI), Nigeria ITA 408, ITA 326, TOX 3050-46-E3-3-3-3, TOX 3052-46-3-3-1, TOX 4179-16-1-1.
 
froni 67 to 991/, and larval and pupal Suakoko 8
 
populations from 36 to 86 in different Edozhigi, Nigeria TOX 3118-4-1-1 (3.7 tha), TOX 3107-39-1-2-1-3 (3.5 tha), Suakoko 8 (3.4 ('ha),
 
lines. ITA 247 (3.4 t/ha). TOX 3081-36-2-3-1 (3.3 t/ha)
 

White fly is an important rice pest in the Rokupr, Sierra Leone ITA 326. TOX 85C-Cl-10-WAS 8, FARO 8,Suakoko 8,35214
 
Sahel. Early infestation danages the whole Bakendik, The Gambiab ROK 5(5.7 tha)f, ITA 326 (3.3 ('ha), ITA 234 (3.3 t/ha), ITA 257 (2.4 t/ha),

plant and can lead to wilting and plant ITA 408 (2.1 tha)
 
death. Of the 415 lines screened in 1991,
 
ITA 212 was found to be highly susceptible Note: a This b;te had little or no toxicity problem
 
and 120 lines underwent further screening b This site had soil salinity and iron toxicity problems
 
in the screenhouse in 1992. Tiller c Localcheck
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bron, 	rig occ urred inl 41 Ilies I Ilines wecre 
prim ising. ssitll less g.all ilidpe ilestation. 
At Edohigi. 28 lines scorini, I and 41 
scorring 3 were selected lajlor selection 

criteria %erenoin-broiiig of' leaves and 

11o1-stLuntiiiit. 1111993. 50 selected lines wkIll 
be tested Ii a regional olirvittioral Neld 

ltrial. to thein3 (3 1 pedigree lines frnit 27 

cros.Ns gross I iit Itoikiri, onily 1201could bie 
selecledd because iilcitlnbinted gall IIidge 

Z 	 ind iron toxicit, dainiage. A total ol'42 lie,, 

crosses ssere mnade in 1992. involving iron 
1(1xicity-tileraiit donors. 

Sahel Irrigated Rice Program 

'Substantial government investlent itn 
large-scale rice irrigation schernes inithe 
West African Sahel in tlie 1980s, relying 
mtnainly oniinappropriate techlro,,gies 
impourted foni Asia, led to a ill ini yield 

\ C 	iels, an erosi io the geriniplasIt base 
and the iieed for intensified research to 
nteet tile rapidl, increasing deiiand for rice 
in tire Sahel. While the extreite climatic 
corlditios of this /one provide very high 
vielh poteittil, they alsi expose tie crop to 
severe environniental stresses. 

To address these iblcis. WARDA has 
imtplenienited an agro-ccolunuical
hraleriatiin pri-ecLsiigial sdevelopitlerit 

capruacei/o pcuiiiiiiiigrop syes, usin 
ro -. 

eritnaol, v1retalliarctTo 
expernlenuiton, \.irit-l cha.ircterition at1 
key sites. MiLd eCiliolic analysis land haS 
initiated a geritiplasm selectitn progratti to 
inmprolve anld di\'ersil, tilt. region .,gr plin base. piogress ade in 1992 
includedi eh;.iress iii ae 2ndosttly 
iesconde toe cobiierisalioniy arit 
responses to combined saliity aind cliniatic 
stresses. the developnient o crop duratirn 
anid spikelet sterility Inoidels, aljre Ii iiii ny 
ec ono mic r g io a l s tud y of ir r i a led r ic e 

produLetiori in the Slel and tiue 
idenLtification of varieties \%ith superior 
yieldLI1arid yield stabihtv, 

PROJECT I: tCHARACTERIZATION OF 
IRRIGATED) RICE ECOSYSTEMS 

The irrifClated rice ecosystem tif the Sahel is 
characterized by considerable disparity 
between production potential, in terms of 
yield and irrigable area, and the poor results 
froln earlier investrlents ini rice producttinot 
The objectives of the cllancterizalion 
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project are tIoqulnlify this yield gap. 
identify its causes hy suh-region aid type 
of production systei. antd set priorities for 
fut ure research aimled at iinproving 
productivity arid sustaillability. 

The research approach ill 19.92 was based 
Oilsiotulation-aided. Imultidisciplinary
anfarers' 
Inyss. Emlphasis wa'is giveit tii itodel 

and adaptation, involving 
srveys arid experinienital ield research tIo 
calibrate and vialidate inodel coinpoilenils. 

eetSUre regioal coverage, airesearch 
networl, with NAI S was initiated. based on
five key sites (N'l)iave delta and Made 
saucy in Senegal, Nrorro in Mali. Valley d 

alyilS n g l in l ilVIIy(IIsIdIt~Ki and Valle t1ir Sourou ini Biurkina Faso, 
Seberi ii Niger). A nelated 

exalnined the economiic cotpetll\eness ofl 
current rice productioni sySltlls and tIle rOle 
of govenrinit policies in rice production. 
Systemns research ill 1992 ctenerated todel 
cinnpoiinS Ihat e%kill he of practical use III 

rice reeding and the iillproveIIeii if 
cropping systems. li I 1993, \irk will 
cotintLe oil applied aspccts ol svstenti 

characterization, while inaintaininglthe 
focus oil yield gap analysis. 

Yield constraints in a Sahelian 
irrigation scheme 
M. Dingkidin 

Rice grain vields ii rhe Scriega Ildelta vary 
between II and 9 t/ha (average 4.5 t/hal. 
Studies ill 199 anid I992 indicated that tle 

J 
. .. . r.4 -. . 

N , 

IN 
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Farmer irrigating rice fields inthe Sahel 

majior causes ffis vielIds s,'crc \%eed 
idestatill. salinity. nitrogein deficiency. 
temperature stress and hirid datitage. 
However, research was nieeded 1 
delermine the individual contribution of 
these constraints to low yield. 

Il 1992. a study \k is conducted ttil 29 
fietdin a 156-ha irriysi 
rlsi aI~- tairgtioiiganri 

scheme a1tCuVelle de N : lie iin the Senegal 
delta tile soil is a heaivy. iiderately salute 
Vertitl nicain p 1I of 5.7 ill the lop 30 clnl. 
[he stuidV iiclded S rVeC, s if cultural 
pratices aild yields . aid i1 SIMo 
nicasureients of l]oodwatler electric 
conductivity I, lea ides I[,AI)1(

I'& 	 ) ~lir liIC L I f 
weed types and rice at heading. anid losses 
to grain-ealing birds. Tie varieties used 
were Java,.ol 27 farins. aind I Kong Pao 
I IKP' il two falins. I're-geriintaled seed 
\%,its broadcat (mltean 140 kg/hIa lil te late 
holt-drv seati onli Pre-ploughed and 

-t e , . N i n ) k t"ti i p i airrigated stils. N and P \\as appliedd al 

varying rates Iriean I38 kg N/ha) and split

talins: illlti farltiers used i comtbiniation of
 
iatli -i weed conlitrol ald herbicies. 

Yields rainged from 01.7 to 7.2 I/ha (average 
4.7 /laf and It,- nican IAI at heading was 
3.7. with 4-36( tOnltribuled by weed s. 

Multiple linear regressioin arli sis 
(r = 0.76: P1< (0.()1 identified Iour CLIseS 
of yieli Liss (i decreasing level of' 
significance): partial LAI olf sedges. sater 
s:ilinit its fC. N ferlilier spill tby rale. arid 
1,AI of nnli-sedge weeds. Yield \as [iot 
significantlly affected by seed rate. water 

M
 



;hortage or bird daniage. The 'issiciation Sahel. Although potential 'iIds ft-r sensitive growlt. stage and llowering the
 
between vield and N split indicates the 
 irrigated rice in this /one tre Ihigh due to most heiit-sensitive. A itinnuntm
 
potential of iiproved ferlili/er 
 abundlanl solar radiatioln and low%light temperature of' 18 (' at bootingkk is
 
mana.iemei. Poor field preparation and teliperatures. the plant's ahility to cotvert 
 associated with 501; sterility. and 6C"
 
water management probablyvcontributed to growtl 
 into grain is t+ICn reduced b, with I(001,1sterility. Sterility s,as llso
 
the weed infestation. ThFie effect of,evn 
 spikelet sterility caused by cold or heat associated with i niiiiuni teltiperalure of,

moderate salinity (iean E(" 1 5 stress. colpounded 22'( at flowering. probablk (le to the
I5S/cI) ,+aitll.pheric 
conirns on-statiin findings that a; hot-dry drought and wkind. Ini continuouts-cropping heall-setsitivty of' pollination w%hich occnrs 
clinmale reduces lit' salt tolerance of' rice: sas.rice garden' trials at N'I)iac and Fanaye, in [t iorning. Nlaxitun teitiperillatre 
IK. i nmoderately sall-tolerint culti ar, Senegal. spikelet sterility Iolo ,kedi not correlitcd ssitl sterilitv.
 
iCldd abovC lerlge despite high EU. distinct selsoll llatterl'n in llost cases it was
 

I'itese results highlighl the need for in caused b 
 cold nights (iA'f Ficur Ill14. For Models were deeloid 1t sitiulati 
integrited research approach to soil, kwater, rice sown late in the wet season (September spikelet sterility. Best prcdictions were 
weed and crop .inalgenientin efforts to or (ctobe.r), spikelet steriliity reached obtained oil thie basis of the illn 
develop high iclding. nioderately salt- 100)+/ . The recomimeitded planting date is litlinmllm elllntIr-altlrC Io f-day periods i 
tolerant rice varieties. July but many irl ers ill the Senegal delta centered around the hooting or the 

plant late due to lack of' witer, itachiner, flowering stages. The niodels are sensitis e 
or credit, or the long duratioit of tlt to stresses which are specific to arid,

Temperature-induced spikelel sterilitys previous, hit-dry scasoit crop. irrgated environmentils, provide a better 
Al.I ingki+h, liCt B1'1d %in' glaps and oflcran of ricC yiC(l 

('onparis5ins b t seei temperattire and powerl'tl risk-assessment aiid decision-
Spikelet sterility is one of the main callses sterility patterns across 13 planting dates Support tools for the inlprovenetil ot rice
oif rice Vield variahility (If-9 I/hal in the showed that booting \%ias tie llost cold- based cropping systeiis in the Sahel. 

Figure 14 Thermal effects on spikelet sterility for six varieties in rice garden experiments at two sites inSenegal, 1991-92 

a) 100 . N'Diaye C)100"-- Cold-induced sterility 

y= 2454 + 48.6x - 1135 ln(x)
 
80.. r= 0.82' 80

..........
Fanaye
 

. 60 'y = 3011 +61,4x - 1406 ln(x) 60 Heat-induced sterility
'6..0r = 0.83 " 6 "d,
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Figure 15 Simulated total crop duration (a)and spike:et sterility (b)for direct-seeded A ciulptiter program w%as e%cloped to 
Jaya rice at Niono, Mali (means based on 1972-81 climatic data) and N'Diaye, determine the varietal constants governing

>Senegal (1984-91) crop (ulration ani a model was generated to 
predict duration for any site with a knov, it 

clinlate. It ,as asstuned that there %ver 
- lo%%cr and upper tcmperature Iknits to 

a) 200 Note: Vertical bars represent 	 developmuent rate (Thase and 'opt . 
>the standard deviation respect iv~ely and( acuni u I at iV nuiitmber of'

sigma (n)across years heat Ln its (Ts5 t) rclUired for Iloweriig.z 180 Niono, Mali 1972-81 	 Tsui dilffers for transplanted and direct-
Z " 	 seeded rice because of transplanting shock; 

it is also moditlied bv a ifunction or a.GO 	 10 

> _ 1
I1photper-iOd Constant (CliPt and tile Llav

.3 140 , ".. N'Diaye, Senegal 1984-91 length iat tihe end of the bas ic vegetativej'iy Senegal.1984.91 phase ( IVP). lit the In ledl-generation
1I1mode,the inputs reql iretl %%cre oW ing and( 

m 120 	 ." ItIioweri ito d~ates. site latitude antI daily
10 1 	 ininilntilm and iliamill telperatures. 

C. 	 Water tenmperatures were estimated and 

sutmations perfonied for tie100 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec physiologically effective dlly 

lenperatlt.res. The varietal constants 
(Tbase. "'suni B3SV and (''I) were 

b) 100 determined through regression analyses. In 
cold-induced * tile sinu lalitio mode, tlie prograii can be 

80 	 used to validate the varietal constants to80" 	 predlict crop duiration. 

>" 60 	 Figure 16 shows the observed and 
simulated durations for IR31785-58-2-2heat-induced 
and. IR 463(-22-2. The regression for 

" 40- %" *.. .. 	 simlIIated against observed crop duration 

".....' .... ""']Figure 16 Effect of sowing date on 
- sowing-to-flowering duration 

0 Jan Feb I I 	 for two rice cultivars,Jan Feb Mar Apr May Jun Jul Aug 	 Sept Oct Nov Dec simulated on the basis of 

Date of sowing 	 temperature only and of 
temperature and photoperiod 

160 
.....simulated Wlth 

season, site. cultivar and planting method). >5 150 -- iterature onlyFigure 15 provides an example ofvan 	 temperature only
C13 simulatedw~ith

variability in crop dt Lration and 	 Studies were thei'efore initiated to develop a. 140 - temperature and 
a model to predict crop duration. 0L 130- ,oervedte2perature-induced ,,trilhv for 24 

planting dates at two sites. These sites 
have a similar climate: the difference Six rice CUltivars were grown in a - 120 - 4,30 

0.099",between the in the crop duration and 	 replicated, nimonth-planting scheme at . 110 , " 
stel ility patterns has direct implications for N'l)iayc and Fanave, Scnegal- itl 1991 and 100 .
 

cropping calendars and varietal 1992: in a separate trial conducted it . '
 
recommendatitmns. N'Diaye. 44 varieties were planted 6 90. R31785b
 

monthly. Plant ontogeny and growlih wvere a 80 - 0 18.,3,.. 

analyzed against weat her and inicro- 70 - .
 

Using computer modelling to predict meteorological data. Sowing-to-lovering
 
crop duration duration depended rmainly on water 60
 
Ml. Dingkulin temperatures. vlihile tlowering-io-laturity 13 phooperiod (hours)

13[ ..duration depended mnainly ti air 

Rice-rice double cropping and d?,ersified temperatures. Transplanting increased 12 ,
 
rice-based cropping systems in the Sahel 
 duration by 10 days. All varieties behaved.
 
are constrained by variable crop duration as short-day plants but. in Illost cases. 199FM--92
 
(from 30 to 70(days, depending on the photoperiod sensitivity was minor. 1991--92
 

http:Senegal.1984.91


for the same year and site was similar to 
that for most oftie 50 materials lested, 
NIodel validation Using data fron 
different seasons rarely gave siii ulation 
errors ex\ceeding!5 layrs. After further 
validaliori in various environments. the 
model ssillbe made available to NARS and 
olher reseach insitLitions %korki nl 
irricaled rice. 

I)e eloping decision-support tools lor 

rice-rice double cropping systenms 
.l)inku 


Rice-rice double cropping is common in the 
Sahelian tones of Niger and Burkina Faso 
butl difficult to maintain elsewhere inthe 
Sahel because of inadequate knowledge of 
i t bl r s ad r2 
mlainageient. choice ot' varietv and 
cropping calendai to obtain econoically 
sustiinahle yields. 1li 1991. aresearch 
project involving WARI)A,ISRA, CIRAD, 
ORStOi and ie Catholic University of' 


vv n,l
as iiiated 
characteri/e the physical constraints to rice
rice doubhe cropping sysenis and to 
develop si in iltation -based decision-support
 
toots for these systeinsi 


Research in 1992 focused (inwater 
managet ent alpost-floV ering stage, a 
systen conponent that determines litteof' 

harvesting arid soil preparation for tihe 
followiing sea.in. In the Senegal river delta 

these operations are usually inechanized 

and tIhus they
require dry soil: s mList be 

performed early because of the shor litthe 
between [ie hot-dry and etseasons, and 
the early drainage req uireuiient. 

A ntodel is being developed ilthe basis of 
plait grom\lth characteristics. Ontogeneiic 
tiodels siinulate Ilowering datle, spikelet 
fertility aind Crop canopy properties. Soil 
drying and crop maturatioiL are 
inleraclivellv siniutated as hey depend Oil 
drainage, cliniate, crop and soilproperties. 
Ttte iModel quanltifies the risk ittplications 
of litte constraints. sii I raflicabilit' andf 

yield losses associated wilthalis 
citithini a ioiiiiiof variety, silt atidi Lalfendar of' 
operatiins. For iiodel calibration, two field 
experitments were conducted int he hot-dry 
and wel seasons at N'diase. Seiegal to 
deternine drainage efleccts oi IlatLurity. 
yield, grain quality and soildrying. 
Drainage 3-4 days after llo\tering reduced 
grain yield by 5(-6()., relative to potential 
yield (see Ficure I7a): sield reduct ion was 
due mainly to unfilled or partly filled 

Figure 17 	 Yield reduction for IKong Pao rice drained at different dates after flowering (a), 
and relationship between assimilate used for grain filling and net assimilate 
production during grain filling, as observed across treatments (b) 

a 
60 992 hot-dry 1992 wet sea 

season 
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spikelets. Early drainage advanced tlaturily 

by 2 weeks. Sequenlial saipling gave all 
insight into assimilate (dry matter) 
partilioning. With late drainage.assimiilate 
\,S abundant and yield %\slioited 

hy [lie storage capacit\ of erains early 

drainage inhibited assiinilalion and 

tobl ilted steii 	 reserves tipio4 I/ha (le 

Figure I7b. The kinetics of rool-tone Soil 

Moisture were closely linked Itolie greeii 
leaf area and affecled the rate of leaf" 
death. 

Tihe calibrated niodel will be validated in 

collaboration iiit 
CIRAI) and ORSTONI, it will be linked to 
theproduct ioi- schene level decision-

support sy,,tem OTLO tINRA which is 
being adapted to irrigated rice prtduCtotn 
s\seIti s. 

1993. lin ii scietitists al 

Economics or Sahelian irrigated rice 
7'.Raidoph 

To iinprove irrigated rice priduction inlhe 
Safiel, a better Uirderstaiding is needed of 
existing produlction syseiis. Informnalion is 
beiig collected in five Sahelian countries 
(Burkina Faso. Mali. NIau rilailia. Niger antid 
Senegal) Io .haractcrize these s'steimis and 
the policy environmneni inw hich thes 
operate. A Poliicy Analysis NMatrix

_E
 

=3.99 +0.557x -00174x
 
1 = 0.57 0 

vegetative 
tssue 

CU.i4 

rese0ves 
of reserves-Mobilization 

0 r 	 I 
0 2 4 6 8 10 

Assimilate prod. during grain filling (t/ha) 

Hot-dry season 0 Potential hot-dry season
Wet season l Potential wet season 

franieork is being used to assess their 

relative competitiveness. 

Most of the growth iinrice produLction in the 
Saliel between 1979-8 1anid 1989-91 
OccurTedlinirrigated syskms (leniTable 27 

'erea/). lrrialcd production tripled 
during fhisperiod, itainilv because ol an 
expansion of the areai inder cLiivation, and 
produclivity increa sed by aii average of
 
4414 ,\ilih ihal
the result irrivated s'sellis 
io%%w
priivide 601' of the total rice 
produlction ii lhe five countries studied. 
ProductiOll increases have been particilarly 

spectacular iii Senegal amid NI aurilania,
 
where strUctLi railadjustiiCii prigrans in
 
the late 19810Is reduced the iiIlfIuenice of
 
parastatals illirrigated rice production aid
 
enicouraged pri'ate ii vest illeit
tIlrutgft, 
land tenure reforis aid credit itstruLents. 
GrthwtIm is unlike lv ti hc suslained. 
loss\ever, becaLie ui1fcoitracting credit
 

aVailahility and decliniinig producer
 
profitability as subsidies are removed
 
and prices are adjusted ioliberalized
 

markets.
 

In 9i3. research will conlufiLie Oil 
quanti fying the relative coipcti'eness of
 
Salleliait irrigated rice pritLucion ss'stettis
 
and idenitsing [lhe implications ofil
the 
research resultis for biittlogical,agroninoic
 
and soil research.
 



Table 27 Annual rice paddy production in the Sahel, 1979-81 and 1989-91 	 inilportaln or utbal kkonci, %[lose labor 
tin>c tiictllv l:l% ntlilv cott s a hillr ioppor 

Irrigated production systems than rlirriir.il vol-c.l.All 	 Share of total 

' 	 Catchment systems Production Area Yield production lThe prijctcd rise ill rt-,ioil cmnsumplion
(country) Period ('0GO ('000 t) (tlha) o u\ cr 2 111) uannuit) ('000 ha) () 	 t liv (sccnariii 2 il 

tille filur ) is lha.s l alll ;I N iffci USenegal river valley 1979-81 107 44 13 3.4 42 poplliolli Io%%ill ralc of, 3.(1 ; 'per %Cal.r
1989-91 255 195 44 4.4 76 aid ile iicrcaiil, pri

llli a lI sIZ Mauritania 	 1979-81 11 11 3 3.5 100 
1989-91 51 51 15 3.4 100 rlatl,, pr dictcd h\ aii CCii. iiltrC I)Ii (C,

Z Senegal 1979-81 96 33 10 33 34 b Sraiii. 'rdcvcihpcth(Ile ih, 

1989-91 204 144 29 5.0 71 Projctcions bascd il titl'icr.sUipilS(scenarliosit I and .31 JldicicL itlic,.u poss,,ihlc 
trens.lnrIacd ric.c iinllten lpssillNiger river basin 1979-81 201 97 44 2.2 48 

1989-91 425 208 60 3.5 49 tren. Icreciid ri cc iipi \ild 

Mali 1979-81 169 80 40 2.0 47 C1nh;.ll , dC elLtdunc\ till rice imports and 
1989-91 355 148 48 3.1 42 ciicralc rcalcr dciilli or i0Iiipriivcd 

Niger 1979-81 32 17 4 3.9 53 prlduct it in tilc rri i ti-d, , i, \hich 
1989-91 70 60 12 4.9 85 arc tie lln sourcc if ricc in (ilc siaicl. 

Volta basin 1989-91 41 26 7 3.6 63
 
Burkina Faso 1979-81 44 16 4 4.0 36 
 PROJE('T 2: (iRWtL.SNI 

INI ROVF NIENT 

Rice constiillnption in [lhe Saiihel As shown in Fi eurc I8. rice conisumption Irrigatcd rice Iccliiolot\ \,,as introducted 
I0 a.l1nlli and 9 t tie Salic-I a pacikagcT. IRaniill)h mot uad.rt llcd hbcIcnlI 1961 .I 89, in as whi ch incllItd 

with it)i)ulaitill Lriw\lh aiccLInliln iftr7 Asian ricc varietics. riicr regulation and 
Durine lilc 19)7 s and I9)0s rice about 41)'othis inlrease. Ili lic sailie divcrsiiin for irrigation. and partial 
consuillptil in tic Salhel increased rapidly. period. aitiiil ciiilOnuihp)lii pcr capita rose mechanization. Traditional clihivals lrc 
leadinig to i risc ill ricc iipiirts. Ili respoinse Iront 17 tlo 31 k, , . accotuntin for the thcretoirc unkiowin oIlithe teoion. l)cspic 
to ,. ilc\ pcrccivcd is a tlrcat to sell'-%hil renlainin 601; Rc.rcssiin analJ te rclatvelvlr gOOd pcriialaiiCC f csiStnC 
reliance, giveriinlcl1s in filic rcgioil slot,,ed that struCtl'ural lactors, particularl varicties, farnlcrs \ iclds arc still well 
proiiiotcd ricc cLtivaitJil through urbanization. riathr thall cihligiiig priccs ior 	 hclo" piitenitial lcvcls: ill addition. lile 
sublanilal in cstiiiciis ini irrigation. To iticonIc lecl, uiidcric ile iiicrescd 	 ialr\ cclc Ic i'f currcii culi\'ars, 
aclquire it better uindrstaniding of past and iimiportMinc til rice il tilc r",'il"s fiiiid COFSlttIlutcsiaihrcatl to Vicld ssaihibilit-. 

,currcll trcnds il ricc consuii lioni aind to CIISlslItln ll ptcI. I-1', All1iiig1 ricc is 	 (eriiplasi is now needed s\c icli' has thi 
predict lciii;lld gIl 1 t 2' 00ar,ill iiiorc cspcnsivc Ibllaii 2011. gcnal. traditioinal 'icld poteitial, rcsistilncc to ile biotic alid 
avai lahhl dtata tr Ii%c salll liail countries grains, it reluircs, i) Itlrlier p ic)IOcssiiL' innd abiotic slicsscs prcvalti in tbe Saliel. croip 
(Uli-kii Faso. ffaliMauritnl ia. Niger an(l cooks last. saving prcparatioin costs and turatiin that stilts IOcal clditions and 
Scnegal) %%. rc%i' \ d. little: tile liiic savinlg is parlicularlv gra.iin qluallity' whlich nc.Il ces colls torInccrc 

preterences. 
Figure 18 	 Demand for rice in five Sahelian countries, 1961-89, and demand projections to 

the year 2000 As niltiiUatn f)1) alities. thice 
ci-c 992. 

bisCtl oil [Iilceti inian crloplpllll.scasoIlS of 

Iyp: ifl iiirs ries %% rlo t ini 
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Projected demand 
El en), 	 llC 3.0- lt i nd trom 19611L tnii 	 scenarios Fchrur 10 Jt1l1C. Midtl e \\C W Il I'i 

9-/ 	 nJuly iito NO\rclicrl. 	 \'aiclal sclclti antI2.5 50 lnur,nlwntal d,,nd !'(on 1961 i toiiue 

198ateriaiis20se 	 o~ ~~~~, o71 1961 <isviS 2,0- de tor tonrl oibtainl froini r ellh instilltions aind 
15. [] Nconsr,~orrid+mlr,lIN(FIR. 	 I 'piil ciiiiipltiiiii tiln -ii-piin 

__1 1.0- 2 	 phhsiologicalaiid illic sluidics ol tilct'<)llll~~comonetrl'.litis needed f ]i b cller-atdated~ 

0.5_-. 	 -;-! ialies. i loil-hciill brccdiii sllraltiv will 

0 1 1 1 1 I tI I 	 i I I i I i I I I I I I I I i I i I il li t- Jillll', li'elll d Jni1994). 

1961 1970 1980 1990 2000
 
Year ObservationalYar i rield nurseries Ior the

Proecled demand sce aris estimate lhiture derflarid levels as unction Ot 	 s o 
ExpectedE popular~li QrOVah o ilV (per Capd1 itaCO]S lillpOtl is Isul1Nil 10 rellilfi Unchanged) K , Afi li 	 ll 

* Expected popUlatliOrl growth pihis predicted percapita rorisurptlior rates based oirecoiorrietric model A. , 
lJ Expected population qrowlh plus per rapild Csris iurllli)iO rates assleled to continue increasiri 

atrates Observed during the 1980s Asi remains tile main source ' gerniplli 
for ii -iiatcd ricc. Iiroltim IRRI aMid 
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INGER. Over 3(001entries are introduced 
iamnuiIly in thle Sahel Proigram and testedl 
,or adiptabililyinlermls of durat iot,pl, -

type nd stress tolerance; vsell-adapted . 
entries are then selected lor observational 
nurseries. 

Illtle 1992 vsetseason two trialswere 
planted in unreplicated plots at N'l)iav e 
and Fana, e in Senegal. One Coinsistled of 84 
sholrl-durati i -1 (1-2)days) cltries. %villi 
I Kong Pao IKP) as the check: the other 
consisted of 6(1meditiuiii-thniltion (125 141) 
dass) entries. %kith Ja a as the check. 
Anionl the short-duration entries. ol,1,si 
IR 41985-1 11-3-2-2. 1R 50358-112-2-3 3. 
IR 50303-61 -I 2-2. IR 57.301-50-3-2. 
IR57311-I 15-3-I antd IR 59625-68- 1-3) 
oulv ielded [te checl.. ,sithyields raingi 
from 4.1) io5.7 t/ha it Fanavc antd5.5 to 
7.0 t/haalN'Dia,,e. eliepi orer 
perlforinance ltFlit\ae ssiasbecause of,a 
vsater supply falolire during tie ctoppi , Two of WARDA's best-performing 
seaison..,\m , [Ile 11,lcdit,1-dturilioll short-duration selections for the Sahel, 

entries, over 50(; otitv-iled tie cltecx by IR13420 and 32 XUAN-5C, in a sa!inity trial 
atleast 0.5 t/fa, vsithvields of 3.5-5.7 t/hia at N'Diaye. Senegal, 1992 
at Fana,,e and 5.5-6.7 t/ha at N 'l)ia e. ]'en 
of these entries outs, elded the check illboth 
locations OR 4856-147-3- 13. IR 72. 
IR 56450-28-2-2. IR 58 I)-I -2-2. IR  Anon, the short-duration entries at Each preliminary yield nursery will be 
581110-I8-2-3. IR5810-48-2-2. IR 52373-
76-3-1 -2. k ..335064-1-3-2, IR 5396439 
1-2-3-3 and IR 54:6)4 - 3 7 - 2 -2 - ). 

N'Diaiye. the average yield of I 31851-96-
2-3-1. C 132--2A, 1R 32307-107-3-2-2. 
I FT97112 and 13522-PN-LMS- I-KP-I vwas 

tested lor tt least 3 years before selections 
are made for advanced yield nurseries. The 
trials villtherefore be repeated ill1993. 

7.4 t/ha compared with 5.4 t/ha for IKP.At 
Flie comparativ e yie levelIs of short- and Fanave. %here there vvwere tiid-season 
cdiint-duratiin entriCs indicate tile irrigation problems. there v.as no Advanced yield trials Ior tle %%etseason 

possihilit of devciiping several alternative significant differenice betvecn the entries K. Ali:an 
rice-based cropping systems for SalieIian and tie check (overall average yield 
rice farmers. Forty--five short-duration and 3.2 tljai.Panicle sterilityatFaiaye was Short- and nlediui-duration varieties 
35 ieditln-d, ration entries .sere selected 
for eV'ihatiio illpreliminar, yield 
niurseries in I993, 

high (14-34 4 )compared with N Diavc 
(8-91Q(/ ).Amiong the ncdiuiii-dtuatioi 
entries. several shiivved good potetitial il 

selecled from preliminary and 
observational trials have to perforn ifleast 
isv'ell in advanced ield trials as I Kong 

tenns of pl:nt type and vield : IR 8192- Pao (IKP)and Java. respectively. and have 

Prelininar yield nurseries for the wet 
166-2-2-3. ECIA 156-84-1 and IA 252 
(7.)0t/ha): IR 1354(-56-3-2- I (7.I t/ha): 

better grain quality. In 1992. eight short
duration and seveii iiediuni-ditation lilnes 

season 'FOX 894-28-21-1-5 (7.2 t/lia):Il 24632- v'ere evaltaled ilFanave and N'Diavc. 
K. Mit.an 34-2 (7.3 t/ha): IR 28118-138-2-3. Senegal. v ithIKP atid Java as the checks. 

IR 28128-45-3-3-2,. IR 20-12-178-1 and respcctively: a randonii/ed complete block 
The 1991 observational yield trials shoCid IIPR 254-85-I -T('.A3 17.4 /lia): B 414(C- design v as used. 
a number of varicties to be well adapted inl PM-186-K1'2 (7.6 t/hal: IR3185 1-96-2-3
lens of duriiiti. plant type and reaction to 
major diseases, insects and other stresses. 
These varieties vserc advanced to 
preliminary yield nurseries for evaluatiot 
in 1992. Three trials vswere condut(iled. one 
short-duration set (23 entries) vsithI Kong 
PaNo (KP) itstlie check, and tvtso medium-
duration sets 121 and 23 entries) %sithJaya 
as the check. All tlie trials vere conducted 
at N'Diaye and Fanaye iinSenegal, in a 
randomized cotmplete block design vsith 
four replicalions. 

1-2-1 17.8 t/ha): and 115322-BPN- I9-MS-
27-KPN (8.) t/hiat). The average vield 'or 
Java v as 6.2 t/ha . 

It is v,ortl noting that tle short-duratiiin 
entries IR 323(07. IF' )702aind 
IR 31851-96-2-3-2- I aod tieincd ium-
duration entries IR28128--15-3-3-2. 
IR 28 118-138-2-3 and UIPR 254-85- I 
T(A3 vere ang the highest yieting 
varieties inithe 19)1 preliminary trials al 
N'I)iayc and Fanaye. 

U! 

Among the short-duralion materials. IR 
13240-108-2-2-3 coiiffined its ligehyield 
potential, ricularl atN'1)iaye (9.I i/ha). 
ILigh yields v ere also obtained itN'l)iavc 
or TNAI; 789.3. 'FOS 103 aiid ITA 13(1 

(8.1 It/hi). compared vsith IK I (7.(1t/hi). 
Yields v ere eie rallsloss aIlFaayc 
13.8-5.5 t/hal dtiie toi v,cr supply failure 
near hIoting st age. vsIiCh induced high 
spikelet steriliy 1431' . lie hwer vields of 
IR31785-58-1-2-3-3 at N ')iac resultled 
lmm susceptiblily tisoil salinity. and al 



Finay froln high spikelet sterility (43.( 
IR 50 continued to perform xelll: its 
duration ,vas I( days shorter than IKP hut 

~O its yield I("/' higher. Yield,,from the 
cIediulii-duration materiaIs were gonerally,,lp 

at N'I)iaye (dti. 10.init 
acquired plot) and l";lilatuve s a.ter ',,upply 

> prohleiis) . lossever. B( 293-2, ITA 306 
z oand well 

> ,lo, o it newly.i 

HG 40)0- I. "which had performed 

ill lQ) 1, remained thc best three entries 
(averace ,icld 5.5 i/ha in 19t)Iand 7.3 I/ha 

ill 1992). 

This trial be coducted 
I mi re year and grain quality analysis will 
, sill or atlast 

be perhirtIied prior ti final selections for 
niultilocatiotial trials. 

A(Ivanced yield trials for the hot dry 
season 

- K. Aidzan 

While some progress has been made ill 
'D identi fyi ng v arieties lhat pe rforni 

. consistently wetl in the wet season. 

progrcss his been far lo\ker for tlhe hot-dry 
sea.Ison. To otffset high prilito costs. 
there i. iioss increasing der and front 
iarmers jor such varieties. "I'hese vari.tics 
should have relatively short duUration 
(IiaxiiumI 131)days, despite low uight 
temperatures) aid high yield potentiat in 
I192. eighl varieties selected froii 

preliriniarx yield nurseries \kere planted at 
N'lD);ive and Fallye. Seniegal, I ii 
randoimi ized polete block design, witheut 

four replications: thu :h l-duratiori 
culliar I Kong Pao (IKP) was used a the 
check. 

Five varieties attN'lDiaye atnd seven at 
Fanaye yielded its well or b~etlctehan IK P.FAnotitesde thel orp tiere IRP.
Aniong these, the most promising were IR 

29725-40-3-2-3. IR 22 I(17-14-2-h, IR 50 
and IR 31785-58-1-2-3-3. The latter two 
had shorter duration than [KIP:it is worth 
hoting that they vere liso aniong tile most 
pronising varictics for the vCt season, 
although IR 318785-58-1-2-3-3 has shown 

s lsitiit ti) salinity.
senstit s iity. 

In tuost Sahliani environments, mediurn-
duration varieties sClcCtCd for the wet 
season are iot suitable for the hol-dry 
season hecautse 01 their burig-cycle and] high 
cumulative water consumption. The 1992 
results show, however. that in some cases 
short-duraioin varieties selected for the 
hol-dry season perlfoti well itt the wet 

season. The trial will he repeated for at 
least 3 years. 

Mangrove Swamp Rice of adopltion of these materials has been 
Network slow. mainlv hecause of weak technology

rtransfer capacities of nat tonal prograrin.. To 

aiccelerate adoption. tile neit,,ork initiated 
W,,\Rl)\ *, grti , 1jce res',iiruh regional on-farrrl trial, in It')[. 

prograrm made a significant contribution to
 
the development of improved varieties for i I.)'i2. faiinr-iaiagcd on-farmnials
 
smallholder farmers in mang rove swamp w'ere conductCd in fi ve network countries
 
etivironmelits. To consolidate these gains by national )rogranis and rural
 

and enhance the capacity of tlh region's developument aiwelicies Io assess the
NARS to iect the need fior a sustainable adapabli ,eld potential and consumer 

increase in mangrove s,\am p rice acceptability of 28 varieties bred or 

production, aiet work lunded by USAI) selected by WARI)A. as wSell as l)1i cal 
was established ill 199(). varieties. lhe tilIber of sitesinvolved was 

34, a 42 '; increase o er I991. At all sites 

Network activilies include environmental fhe WARI)A itatrials offl.iCildcd the best
 
characterization to acilitate more effective local varieties (',cc Table 28). As in
 

targeting of impro'ed rice techniologies, previous years. WAR I. WAR 77-3-2-2
 
ard the developmieit of well-adapted high and ROl IYB 6 pertrned well ii tts)
 
yieldine C1ihivars frol wCgreCgalii coUtltrics Under salinc and acid stfale soil 
progenies. Sceds o prmiising varieties and condtitions. R()IIYB 6 and WAR 73- I-M I 
brcedcr seeds are purified and multipl icd by 4 s,,cre preicld by fariners for their hiph 

WARIA for distributiit to NARS. yielding ability aiid good plaitl type. ROK
 
exltension aceticies. N( i )s and farmers. aid 5, W.AI, I. \V\,R 773-22. ;(4())- I and
 
varietal trials are conducd hy ttile RII 15 were \%itlv accepted by farncns itt
 
counlries in h ne,twork. The following Guitiea-Hissau. The excellent perfornance
 
summut1aries highlighlt the progress tmade by i filost varielies tested le to rmany taritiers 
the network in 1992. who had not heen involved tii the trials 

Isking to participate iin fulture trials. 

Farmers' assessment of improved
 
varieties Breeding rice varieties for mangrove
 
A. A,,,yen-Sapqon and R. (hti swainp environntents 

R. Guvi and Al. Augvcn-Samomi, 

Ii the inid- 198Is WARIA developed a 
1iumber of superior varieties adapted to iring tihe 1980s WARI)A iidetea Ik 
different mangrove ecosysteiins but tihe rate 150 single cr ,scs Using over 200 pareints 

Table 28 	 Average yield gain (%)of the best-performing WARDA mangrove swamp rice 
varieties over check varieties inon-farm trials, 1992 

Entry 	 Guinea Guinea-Bissau Nigeria Sierra Leone The Gambia 

ROK 5 - 28 4 33 41 
Kumba Ndingo - - - - 36 
WAR 1 - - 31 23 48 
WAR 77-3-2-2 - 53 33 24 58 
DJ 684D - - - - 43 
ROHYB 6 26 53 12 13 -

WAR 73-1 -M1-4 37 -  -
WAR 100-6-2-1 27 -... 

Balanta 31 - - - -
RD 15 - 31 - - -
ROHYB 4 - 54 - - -
BG 400-1 - 20 - - -
BG 380-2 - 56 - - -

WAR 100-2-15-1 - - - - -

B41-40-CPN - - -

Kualik Kundur - - 17 16 -
CP 4 	 - - - 24 - 4 -RK1 	 - -
ROK 10 	 ..... 
ROK 23 	 - - - 22 
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selected for their stress tolerance atnd good Table 29 Number of improved mangrove swamp rice entries selected by national 
agronoimic traits. The selections were made programs in observational trials, 1991-92 
using pedigi,:.e andm iicilied hulk nietlods. 
antd advanced to F-I. 'nlrattioirs. Within Growth duration Guinea Guinea-Bissau Nigeria Sierra Leone The Gambia 
the lranework of ilie net +,,ork.VARI)A, 
conliuCd this SClction to develop high Short - - 20 15 12 
yielding stress-tolerant and stable varieties Medium 7 12 11 12 11 
for in int evaluation by the national Long - - 23 30 -

programs. Selection criteria included: plant 
stature: lilh.lrincaparcity: leaf erectness: 
Liseas, crab anid lodging resistance: Table 30 Best-performing mangrove swamp rice entries in advanced yield trials 
painicle sie: and reaction to iron toxicity, conducted in four network countries, 1992 
acidity and salinil. 'lie ork%was 
coiducteld il three salt-tree toies Growth duration (country) Entry (yield) ) 
rcpresenling short-, niediurn- and rong
se, aslleltVirinni nts. Shod: 

() the 45(0 lines ,elected, 350 were 
nominated in I91 Ifor inclusion in the 

Senegal WAR 115-1-2-10 (2.2 tha), IR21855-53-2 (2.1 tha). WAR 81-2-1-3-2 (2,1tha) 
Sierra Leone IR10781-143-2 (3.1 tha), WAR 115-1-2-11 (2.9 tha), IR25912-63-2 (3.0t/ha) 
The Gambia IR25912-63-2-2 (1.8 tha). BR 50-120-2 (1.7 tha). BG 400-1 (1.6 tha) 

-

L,/ 
AfricaniMangrove Swan Fip Rice Medium: 
Observational Nursery (AMSRON). The 
r-ilntaiinrg 1)01 litres were used ill regional 
observational tri:ls: of these. WAR 133-9-

13--.I WAR 90- 1-6-2-13-Il WAR 12(- I-

Guinea WAR 39-17-2-2 (2.6 tha), WAR 100-6-2-1 (2.3 tha), WAR 42-132 (2.3 tha) 
Guinea-Bissau BW 248-1 (4.2 t/ha), WAR 115-1-1-8-1 (4.1 t/ha). WAR 115-1-2-5-2 (3.7 tha) 
Sierra Leone WAR 77-3-2-2 (3.0 tha), ROHYB 4 (2.9 tha). WAR 52-38A-3-2 (2.9 tha) 
The Gambia ROHYB 4(2.1 tha). ROHYB 1(1.3 tha), IP31836-42-1-3(1.1 (ha) 

5-7-2-13-BM-IaMl W.\R I X-1-12-1-4-13-13- Long: 
B k.cre identified as sall tolerant. In 1992, Sierra Leone WAR 74-1-M6-7 (2.6 t/ha), WAR 74-15-1-3 (2.7 Vha), WAR 73-1-M1-4 (2.7 tha) 
sevel slort-duratior 42 IltldiLln-dUraJtir 
and five lIng-duration lines kwere selected. 
Five varieties fro tie shrt-duration WAR 
115 series \vere tund to be disease free Iin1991-92 over 200 varietics/lines \,ere Regional advanced muitihocalional 

and high yielding. with gi rd late 
senlescelce trails: seveit varieties trout the 

evaluated in each of the six network yielcltrials 
coutntries. 1)ata were corl let-cted on: R.Agv''t-.r'our,our/I?. (;ti('i 

niedium-duration WAR 911series showed 
high tillering capacity. large panicle si/c 

phenotypiic acceptabilily: plant height: 
responses to salinity, acidity and iron Avanced i trials were initiated iti1991 

aniderect flag leaves. -hese selections will toxicity: resiistance to crab dallagc: antd ili collaboration \wilINARS to assess Ire 
be Multiplied aid iMade availablC to 
national prograis through the 1994 
ANISRON. 

lodgirrg, disease arid insect reactions. Each alaptability, yield potential and yielt 
NARS selected 20-25(1, of tI1e varieties/ stabililv of improved mangrove swam Ip 
liites, based on Ilicir performiarnce ii 1991 rice varietieslit I 992. scs if short -. 
and 1992 (se' Table 29). Amiong the iredium- and Ihtrig-LI iratiott varicties vcre 
varieties selected for oruttstanding distributed for testing according to tlre 

Regional observational trials 
R.(;u'i arnd M. Agy.'c' -Saimprontg 

performance in (;uinca-Ilissau and Sierra retluirerients of individual NARS.Th[lie 
Leone were Pa Kolina. WAR 165-3. IR results inl1992 coitin ledthe Iindgs ill 
3187-11-2-2-1-2, Taiba Wousson. l)iaMn 1991 that a trcs gencratitl of irirproved 

Biotic and abiolic stresses vary in nature atd WAR 89-8-AS-I 1.For superi(r salt varieties was riioavailable for distribulit 
and intensity across the iangrove sw+almps tolerance. UPR 79-115 arid 1R 51-12(1-2 to farmers iinthe variou,, ittati rovc 
oiWest Africa. There is tlherelre a need were sCelectCed itt The ( uihia: WAR 90-I - ecosysteiris otftlicreCion. hlIevieId 
lor improved strcss-tolerant varielics to suit 
the range of nangrove ecosystenis iii the 

6-2, WAR 1211-1-5-7-2. WAR 118-1-12-I - performance of I+,trop three varieties iii 
4 a;:d Pa Kolma \ere selected iii (;utiea- eatch participating Country is ris cn ii Table 

rcgion. As must NARS working inlthis Bissau: and WAR 100-4-4-2, WAR 133-lI1 31): witlh high vield potenlial and IOlcrn;tc 
environment lack the capacity to develop and WAR 133-9-b-h- I weore selected ini to acid silfare conditions, these varieties 
new varieties, observatiomal nurseries if' (1inea. In Sierra l.conc. WAR 89-I I-5 and showed excellent adaptatit to lie 
prnmising niatcrials bred or selected by 
WARl)A are composed for the NARS for 

WAR 115-1-2-2- I-3 were aniong the riangriwe ssvanip environterntso 
variclies selected fir acidity tilerance cnfini this atLaptalbility. they will be 

further in .%itievaluation of stress tolerance 
and agronomic traits,. 

Selected varieties will be further cval uitled intensively and extelnsively testetl ill 
in advanced yield trials, f'annier-rnanaged nt-Iarm trials ill 1993. 
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OVERVIEW z 
A nthonv Yoideowei 

Following the preparatory work undertaken in 1991 on
developing group training course currictila and organizing 

itinerant traininu courses, the ficus in 1992 was onl 
implementing these activities. The implementation of the 
group training program was based ri:ctm so lidat ing itinerant 
groulp training inpartnershilp w ih national programs of 
WARDA member States: greater involvement of rice 
scientists in WARDA's research Task Forces and Working 
Groups in designing and implementing training courses il 
order to ensure that the orientation of thee courses addressed 
the needs ofINAR S,;and estahlishing aairamework for 
developing and proIutIcin g training M1ant.aIZ.S from course notes 
prepared by re:,nutrce persons. 

SiUiificarint progress Wias atiade in individual research-related 
training during tle year. The program involved research 
scholars. post-doctoral scientists and visiting NARS 
scientists, as well as research assistants and technicialis oi 
short-term non-degree-related training. Indiv idtul research 
training is coordinated by the Research Division. 

A WARDA/NARS training seminar was organized to 
coincide with the hiannual meeting of the Training Working 
Group. Semirar participants reviewed the concept and 
implementation of WAR)A's training program and explired 
ways of strengthening WARI)A/NARS collaboration in 
organizing and mlianging individuail arid gronl technical 
training for rice science. 

,me installation ofIdesk-top plbsliShiig Iacilities in mid-1992, 
accompanied by staff training in the Use of these facilities, 

grealy improved WARDA's in-house capacity to originatea.id produce publiCations. Q 

The Library and Documentation Center is now established 
as the aljor source of literatutire for rice and rice-hased Z 
I amlning svste ins research in sUb-Salraran Africa. During I992, 
there was signilicant expansion inthe Center's docuient 
delivery and literature search services provided for 
national logranrs. The a7ricultiral databases oil('D-ROM Z 
were updated ard there was a considerable increase in tie 
nmLlber of requLiest s for infrrii at i n received hl11mrice Z 
scientists aid other ahricIilitural researchers in the West 
African region. Trainirig ininformation retrieval from < 
griculvtural databases was also provided for several NARS 

scientists. H 

During the year. part ic ikI-eiiph as is was placed Oil 
consolidating collaboration illtriiniiihg and coiiiinLIliCations 
activities between WARDA and NARS in member states, 
hoth with regional organlizatiols and with other 
international agricultural research centers operating in West 
Africa. These collaborative efforts enabled WARDA to 
increase its operating critical mass by l'ullyutilizing the 

,pertise and resources which are available within 
the region. 

WARDA's training and communications activities corntinled 
to be strongly Stliported by the UNDP (project RAF/X9/055). 
Finds were also received from ('TA. a Lorni Convention 
institution based in The Netherlands. and from tle IDRC, 
based in Canada. 
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SUMMARIES OF TRAINING ACTIVITIES
 

) Group technical training 

z 

r-

Six group training courses were tr tized 
in I,92. live otirthni v ith UNI) P support 

Mind the siXtl %%ith'limds fromt other Sources. 
'able 31 site,,Iltle es, locatiom, 
Iaigt lagL't4l"i Csrutitnrind it1.111i1herst1* 

trainces for these courses, %%hile 'Fable 32 
presents tihe couniitr distribution of training 
pairticipants. 

'*Z 

0 

-
'.c 
', 

niCom~utr App~licalions anid Statistical 
Analysis in Agricultural Research 

Tis 4-vweek u sti'sev,as orci/ed i 
Jilnular% ill collhiiratiiin s ith tire IR ISAT 
Sa;iieliair ('enter. Il'riphasi,,,as placed on 
practical hands-uieC\ercises in tile ainalysis 
aid ilter[prelat ion of rice research dalta, 
Participants s ere introduced to the use o' 
omtonputers and statistical sotl'(s are paclkages 
or managing reseairchidata arld itv.ord 

processiig packages for skriting research 
reports. 

'FIe participants inithe ctmrse were dra",n 
frnr seven WARI),A neib,er states 
(('aineroon, (''rte 'lvoire. Ghana.Guinea. 
Nigceria. Sierra l.cone and lie (aibia) and 

':#' 

I\"'" 

Table 31 WARDA group training courses, 1992 

Number of trainees 
Title Location Language M F 

Computer applications and 
statistical analysis in 
agricultural research ICRISAT, Niamey, Niger English 13 3 

Water and irrigation management EIERIIMI. Ouagadougou, 
forrice production Burkina Faso French 21 0 
Training of agricultural trainers IITA. Cotonou, Benin English/French 15 4 

Crop protection inrice WARDA. Bouake, C6te dlvoire English;French 18 1 

Upland rice production WARDA, Bouakb, C6te d'voire English/French 15 1 

Scientific writing for agricultural
research scientists 

INSET, Yamoussoukro,
C6te divoire EnglishFrench 26 4 

included three women. The (RISA' Organized incollaboration with tire West 
Sahelin ('Centvr and A1111(adu Betli tile courseAfrican stalion ('IIMI 4-veek 
Universily inNigeria provided tire resource was attended 1 21 participalits. The 
persons. participants wvere dIrawinnfrot 12 WARIA 

ineinber states (lBclirt. Burkiia Fasr, 
Catmeroon, ('ILI, ('61e (tJ'hOire.GuinC.. 

Water and Irrigation Management fir Nuea-IissaLNMalli, Miri taia. SerieCal 
Rice Production and l'ogi. 

Ilis COIur.,eWas ield ili March at tie EER A special teaturC 0t triurse w,,astire at 
ill O(uagtrudougou. Burkina Faso. practical on lthniques forIi-day field 

inarragirig rural irrigatior scelteies for 
rice prtductioun. lire resOurice persorins for 
this co1urse caic from internatiorrral 
auricultural research ceirters antud\Vest 
A Irican NARS. 

1I'raiinng ol'Agricultural ''rainers 

It collaboratin vith tine NARS inBenin 
and the l'I'A Bioloical ('uirtrol ('enrer for 
Alrica in('oturr, Bertin. WARI)A 
urgani/ed a bilingual 'Trainingof'
Agriculturail "'ra.irreis 11'l')r'cirtrse iin 

Je: sillultanrous translation \;.isused. 
I&""trlnnorg, the'lieI)Irartic,,:pllici l \,, drasvn'os":vuiirrei. ns t.r,,c\%,ereitsl, 


-. rrt. eighit \VARI), neir er ,tates 

(itinea-Bisau. Mali, Nicer and 
a', i ., ut"ri 

IIt resiuirce pIeIMl's,irrclutded t\%Oiit1-irirer 

WARDA and ICRISAT scientists participating as WARI).\ trlillees. Wilirelirinra (l'mlleyalrd 
resource persons inthe training course 'hiiarnnit Jatmel. s,,trahat ter ded t e 

on computer applications F-rglis-language T()T -'rtrse heid ii 
l hiberia inI9)t . 



C 

Table 32 Country distribution oi participants in WARDA group training courses, 1992 in 199). ait ecotid Coil[ur v,a5 rel i/cd in rits 
9,I 2hicollili littii s.ilh("IA. 

Country CAa WI TOT CP UP SW Total S\(m I\I) and tli \.ASI.! I'initlii, ,.
provided h\ ('"FA, [he cd ih-h',sd [t:S 

BE;nin - 1 5 1 1 2 10 and twit Frcilich-ased olvali/ations.

Burkina Faso - 2 2  1 2 7 ('IRAI) and A(( 'I'.There v~crc 30
 
Cameroon 1 2 - 1 
 1 5 10 participants. including lir kkoii,.l. front 
Chad b - 2 1  - 2 5 Vcs and ('entral .\lric'. Tie iarticipants 
Congo Brazzaville _ -  - - 1 1\CC(liCIilOIA~ihMd11CIIC6te divoire 1 2 2 6 20 divided 

Ghana 2 -- 

5 4 21,.icitI~nlih aiid Frech 
1 1 1 5 lariguagL grtui i ail thL' ,tiirsc ., us 

Guinea 1 2 1 1 82 1 couictdi ll) ,othituhalutnetusIv inl 

Guinea-Bissau -- 2 2 1 1 6 tI;intlguies. ('ttrse ctncnt I*,tuttcd ti the 
Liberia - -  - - - - principles ktf itd scicitilic

Mali - 2 - 1 - 3 6 comunitiiicitttioi and oil ii l prtt

Mauritania - 1 -  - - 1 parliciplanlts',skills in the \\riling.
Niger  2 2 - - 1 5 pt+uiCatitim an oral pr,",Cstatlitn il their
Nigeria 5 - - 3 4 3 15 reseiacih resu t. The resource persos v, crc 
Senegal - 1 -  - - 1 
Sierra Leone 4 - - 1 - 2 7 ira.iint ,.RDA, ('IRAt).
The Gambia 2 - - 1 1 1 (5O)ESRIA, Ittl'(iR and the lhioplian
 
Togo  2 3 2 2 1 10 Ilstitute 1'AgriC",iitllral Research. 

Total number of
 
participants 16 21 
 19 19 17 30 122 

Trainee follow-up 
Note: a CA Computer applications and statistical analysis inagricultural research: Wl Water and irrigation
 

management for rice production; TOT =Training of agricultural trainers: CP =Crop protection inrice: traince Idlow-up is an essential part of
 
UP =Upland rice production: SW = Scientific writing for agricultural research scientists WARDA's ,rop traitilin,, acivitxi'S. The
 

b Not a WARDA member state a strategy aidot~cd l1kr trainee, lhlltnx.-ulp 

includes involviig fIornier WARt)A
 
(rop Protection in Rice Scientific WritingIor AgricIltural trainees in ilicrant colrsen,, as training
 

Research Scientists coordin.ittors or assotiate trainers: this gives
Using siiliultancotls translation, this them the oppurltliiit: tV it ortaile and
 
bilingual co nrse was ctinducted at Fotlowing the siccc',ltul organization if nhi.laae groul trainling courses and thus
P 1itp 

WARDA', telnptirary training ccnter in the first group training course oil this Illele 
 strengthens the training capabilities of 
liou aki in July. The ciurse Itocnused on
 
modern principles o1 integrated
 
itanagenient ot rice pests.
 

lhe 19 participant, included one Vomian. 
The participants were dravit Iron It0 
WARIDA ieiber suites Iticnin. Fturkina 
l'aso. ('atneroon. ('61c d 'vtire, (ihaia. 
(Ciuinea, (.uiiea-t-is'au, Niger, Nigeria 
ard Sierra Lcotic . The restource persons 
were drawi front WAR[)A and the 
nationl prograis ot CCte d'tvuirc aid 
Nigeria. 

Upland Rice Production 

Hetld in September at WARDA's teinporary 
training center, this bilingual course was 
attended by 16 participants, including one 
wonan, draw n Iroim cighl WAR DA 
iemher stites Benin. Biurkina Faso. (Ytc 

dtlvoire, (ihiatna. (4uinica. Nigeria, The 
(iL nihia ani Togo). The coursc waS ai med 

speilacalty al ytung research scientists, Upland Rice Production course,
personnel in rice devclopment protjects, involving scientists from WARDA member 
and agricultural extension agents Nwith states as resource persons
responsibility riorrice production. 

Z 
-
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NARS. )1ri1ic ih. T[T C(,lirsc illl3cnil. 

'or example, lhrce lOrncr WAR I)A\ 
Ihtines ,.kcreimitcd to participatc. ts o ais 

illaicrs aind ull is tic raiilliliu co-

S i'rdil.itor: in hc I planid Rcc Ioduction
 

COtLtsc tlcid ill ('61c d'I oirc'. a tllrillcr 

WARI)A traiincc scrcd isan a ,socilc 
trainling co-i-ldilrialoi. 

Stal'"tioi WARI)A's Training and 
Co mm u n icalltll i \v ll oll elli onsi lD i ,io \isit r 
(rainec-i,it tiaiiii i islni islit thec aioal 

piiiiils; )l inoldcr it) asscss the ilipacti o" 

\\ I,.A\ tI)iinli go il l ic ir j ot) p er l0.atnicII
All torll' leilc,,\iid inll992 in\tinicr iiiicc sit i ~2in 

Blciii lurkilla tiso. (X ic dlvttirc and
 
Niericiniricd thal tie klio\ It'ldc and
 
skills ilCLtlirl, RI)A'., traininlg
d 1i01n W ..


t oUsl ,Cha tiad a itfliicniiit ilhliciicc Ol~ 
Iticil procssinula ttl ciciicc. 

\\"trk has bciio oii conipiliin!dala for a 
qf
I)itc( t o / I)\ G(oup I raooil, 

aI'oliftiiif S. /972-1)2. Thi pulticaiioin 

S tfuh rclcrcncc isshulhl serve as a sourct 

eltl as a1licallof csahlihinlland 
rciinlorcino !inks hctlwccin lt, cr WARDA 
iraiics. 

I ndividual research-related 
training 

WAR I)of ftcrs \arioiis traiiiiig 

ioppiortunitis tiur \'o1i11i \Vc,i. A.tricaiu 
scieintisis. as sctll atitfor scicntists froun 
onllsitLc ctrcgiin, to ttcsCto(I additional 
Spcciali1cd kils 1111'01.ghi \orkirig with 
sellior WARI)A sciclilists. 

Reseirch scholars 

With support troi (lieAIDI and USAID, 
WARIDA providestcchnical and fiiiancial 
ait.i taIllCC Io StUdcllts coiiiiilg field 

rescarch relatcd to tir MSc or hl) 
cLITrSc.I, WARI)A sciutlisls work closely 
s iththc studntcs' uniscrsits adviscrs ill 
dcsigniigitc fieldrcscarch and dircct ill 
ispects thisrescarch. Six Wcst Aftricall 

rcscarch sctlars bciicied troll Ibis 

prograim ill1t)92: 

Mahcvc Sylla (Sclcuatil)is workiig tor 
his Phi) iii soilscicncc al tic 
Agricutural Lniscrsilv oIWagcningcn 

in The Nctthcrlands undcr hc dirctitu 

of' Dr N. van Birccnlci. I his rescarclh 

ioc'uSCS o (tihechtaractcri/itioin lof 
lmangirove. swiiip ric cctsstcms il 

Guinca-B13issau, Scneiai. Sicrra Leone 
and Thc Gamlbia. [is fieldwork is 

being dircctcd by l)rNI. Agycn-

sanpont!, anlcioinu ii alid itic 
coordiiiator olfthe MaiigroeS' pSw' 
Rice Nci\ork. aindi)r K. Satira,.'al. soil 

scicnltis in WAI\l)A's ('Oiilltiil 
Prograili. 

Andrc ()talnara ((iilc t vioirct is 
prcparing tir his I)octoral d troisicui c 
cctc alt I inivcrsiy outAbidjanCIRES., 

Undtllcr ti direction of I)r K. Yao. tlis 
rcscarch in\o!\'cs thei anit/Iianailsis 
oIt licw rice produictioi iechnologiic in 

ie iica oclle liC, ot 
d'1oirc. I)r A.Atcsina., cconomnist iii 
WARI)A', ('ontiliuni Progran, is 
directinig thc field%kik. 

Alhassan T's\wako \IliiaNigcria) 
worked for his N1Sc dcgrcc inicrop 
brc.dint linithc Dcparlinicni of 
Agronomy, nivcrsity of Ilhatan 
undcr tlhdirccuion f.1Prol Somr 

M.I. Aken'Ova. tIc Mitcs at\icd Wide 

ramige l African Or:,a .t/I/W'rima 

varicties tor drlught tIolcriicc and other 
aLrilnillnic traiis. The work %as 
comiduclcIt iltile inIIbadanIITA stition 

udcr tihc dircctioln i tDr 1.N. Singth. 

WAR 1)A's (15 land rice brccdcr. 

Sttltcsv anc Nacrl IIUrkinli sto) is 

waking lor idocioraic inagronniiat 

's 

,1 

One of the research scholars who benefited 
from WARDA's research-related 

training program in 1992 

rtlc Uni versiv of Rcnncs I. France 
under [he direction ol Irofcsor 

3.P. Ncioii The ',ubjccio' hisst\ork is 

bh cc' i gy ain b i tos t"i 

Alric',ii rice call iidec. ilniliscci k lilh 
bs rtccilit hccoi '1a o i1ill\\pc's 


rice ill hinrkilia Filso and Niucuia. 
The stork is bcim colItlcicId iaints 

in ttilkinua s\itilhIFis. scintiific 
dirctiion frilltI)r F.IIcinrich,, 
illiolliolooisi I) WARI)As Ctunlillil 

Prograim. 

Victlrin Itoudckon Ilcuioin) is 
sIlutyin or a I)ocloll dc irlisicllc 
cycle ill cLtooilliC, at ('IRIES 
IUnivcrsily ot Abidjan: his iscsis 
adsviscr is )r J.Ptcualicnan-Ilic\. The 
rc-aich is hciue coinduictcM ill nollicril 
lcii to qtiltv itc c/Isis il 
prodtictioitn ill 1iC nia/llr iroductiiriLc 
5-stculls illIhialrcioll. Tic ticI \5ork 
is bcinc sipcrsiscd bs t)r AM.Atcsina. 

KoiakOu Kra I).iao ((otc dlvoirc is 

%kirking to\%arth, tiis )ociorat tC 
troisicic c\ctc ;itC'IRtF.S. I rnivcrsiv of 

AbidJan MtlldCr (ilcttiictiomi o1 
DIrJ. 1cL'aticnili-t lics. Ilcis 

cildlinciiI, a conlMaaltisc aiial'sis of 

irrigatcd iromduciom unils ill cenral inld 
I(trtlcerl ('ilc dthoirc ito dlc iinc titc 
ctlcct ot si/c oilcctchnical id 

ccllilliit citicicllcs. )r A\.Adcsina is 
i is, (tlc \tichil trk. 
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Fabunnti Simeon 0ladele (Nirgeria) 
\vorked flr his ,iS%.
defr,.e in tile 
l)epariment (II Agroormn lii\ersit\ 
of lbadan uter the ueneritl direction ol 
Professor M.FI.,\ken'*Ova. Iis fie'ld 
\vork \was carried out ilt AIt titder t.. 
,upervisiun of WARDA's lo\\land riu.p, 

contracts., td116112 v, ich thev ,k.orkv,ith 

asWAR1)-A scienti, It, rcscarch assislttns. 

'
 In Ity) l.eCotiill) tI\oSicrr~l 'research 
assistatts completed their filialear of i 
2-\ ear tttachircili %%ilth WAIl)As', 
,iatro\ c S,\ attip Rice Nct ikrk. (harles 
Di'oni plhted a iittr role ill charalteriin" 

breeder. Dr B.N.Singh. The loctustialltit(roe.soils and Robert ('hakandra 
the rescarch was a comparative anal sis 
of\ egetalise and reproductive traits lor 
selcteud IplMid and lowland rice 
vit ies. 

Post-doeooral scientists 

Tkso-year assigIritiits in WAR[)A's 
research programs are otf 'ered to scietitists 
vwho h:kse re+.it;Ilvbeen awarded ;a'ill). 

giving thetri rite opportunity ti gaiti 

adtlitonal priiccal ,.perience ii varitous 
:trces
of rice science. Although preference 
is given to young West African si+,.inits, 
researcheis from ottlside tlre regiol ire also 
citt;siulered. TIo post-doctoral scientists 

participated ill thisproc'ram hi1992: 

Dr Rtlber (;tici ((6re d'l ,oirei 
crutpletd his 'lt) ill plain hreedir, ill 
199 at Katnsas State I 'Ii\ersit., I.tSA. 
Since then he has ,iorked IiWARI)A's 
Mangrove S\,irt p Rice Netok. 
making selections from segrcgating 

F-opulations resulting WARI)Ahtrrti 
crosses: planitg and directing regional 
nctwrrrk trials of adslanced rice 
varieties" develorpiig trairit materials: 
arid parlicipamthig iiindividual and 
group tramitw cu,ursCs. 

Dr Thonas Randolph (tUSA) received 
his Phi) ini agricuihtural econoiics from 
('riell IIniversily. ISA in 199t2 and 
witi a Rrcketller Founidatrion pttst-
dotor;tl lellhis ship tt WARI)A 's Sahel 
Program is the teait economist. Itls 
research is tin the competitiveness of 
irrigated rice prudLuction ill the Sathl. 
Using seconidary inft lieriationt,is 
alialillhg rice prrlucliioll and 
nirketing cst,,illBurkina Fao, 
Mauritania. Mali. Niler and Senegal to 
identify sslels otf irrigation arid 
rechnrohtgics. and r!e policy corntexts 
within which rice produictioi CtIjtvS . 
conmparative advanitage. 

Research assistants 

WARDA ollers practical traliling to ytoulng 
African researchers through fixed-lerm 

vkorke<d under tie direction of Dr R. (iuei il 
the selection of materials from segregating 
pophItltiotis, 

Visiting scientists 

Natioal rice scientists who require 

individual ttaili;g in particulr areas of 

rice science or sho wish to conduct short-

lert research with \VARI)A scientists are 

offered tileopporltutitv to %ork tiWAR I)A 
,visititig scientists. T\, iationail 


scientists took ad\aitite oflthese 

tippoirtluities i I t)2: 


I)r Peter Okrcha (Nigeria k a,attached 

to WARDA "slowland breeding t;it for 
I year. at tle request of the NUIJ. 
Working tnder tie direction ot'Dr B.N. 
Singh. he made a number ifi'crosses tor 
his programir at NCRI. arid learned the 
screening iethods for blast. stalk-e.ed 
I1yarid rice y'ellhrA rittle virus. 

IDrCharle., MttlblIth tLiberia). a research 
feIllow iilil tie soils departmtent 
Louisiana State Universit,. USA. 
worked with WAR)-A's stil cheir 1st, 
Dr K. Sahrawat irImr4 eks ill July aid 
Augut 199-t.clit ricteliin rir toxic 
lIwlaand sols. wilh the errphias Is Ol 
redrx potential, 

WARDA also provides support fot-national 
scientists itt work \k, scientists it nationalith 


prrgrams where there is expertise iii 
particular areas. "hrec national scientists 
betiefited fr"-- this suIpport iii 1992: 

* 	 Nialton Jusu (Sierra Leone), a rice 
breeder altie ; ionalRice Researclh 
Station in Rokupr, visit-al ISRA's 
Djibelor slalioi for2 wkeeks in (.loher 
1992. The ob*jective o his visit was to 
fantiliari.e himistlf with breeding 
aclivilies inisavatiti 1 tati rove 
ecologies and it observe oti-lairi 

research netlhiis, 


(Otismanre KonatBaldtiGuiltier), ;Iir 

enorriolthisl iitire (Jiiincan rice 

resa':aiil lrait,. wiorked k%
ith 

Senegilese scier.vi-is it ISRA's 


I)jibehlr station Imtr 2 \,cks itl 
Ntvembcer 1992. 1lICstuldied Metlhods Of 
idenlilk ini alldclaissll\ lhl rice ir.,ct 
pests. techniques for preserviinIg insect 
samples. arid insect control practices. 

Aliou So\\ ((ullea). anitarotollist ill 
the (ittellt rice re-ealch prgi.rut. 
visited ISRA and WVARI )A's Saiel 
FPrograim to learn riethods of 
conducting oit-fariti trials and socio-
etoiCO+t+iC stII .Ve',. 

Z 
Other shorl-turin practical training 

Z 
WARDA provides short-termti t;ot-degree
related trainitig opportunitics for West 
African sttidentts antd leclliicialls \%Iioiwsh 
to obthin practical ,exleliece s,orkiug 
within titlt.'f WARDA's re,'seirh ar.'as. 
The beleficiaries of this prograit in I t)92 
were: 

Eti:rtlrartel Tia (tte d Isoire i.a
 
research assistatt froutilhe (Citire
 
denttiutolOgie nieditcale et \ererihaire
 

it Bouak. ,\trrked \iihi)r F.A. 
lieinrichs. WARDA's ('titIiutUti+
 
Program entomnoloiist. ii Jutne, July
 
arid AtltLuis I
st92.Ile learned vilrioLIS 
teclhriques fOr COrrd1ttirig field sturdies 
ill rice errttuhirrrrgy. 

Abdoul Traore (Btrkina Fasto worked
 
k% 'rtm July ito
ithl)r. +.A. I leinriclis 

Docciiher 19t2. stuidying yield losses
 
due to rice insect i'ests,
irtleractions
 
between rice vello Iiititle \its arrd
 
insect vectors, ard telhuods for
 
screeningt I hr
Iris virus and rice blast.
 
lie is working toards his NISc degree
 
ill plant protectioti althe Stae
 
tilnivrsit\ of Karkov, hikraine, RuIssii.
 

Fouir students (N'lDri Kotiaii. LOukou
 
Korutan, Papeu Julien uirarglht :,rd
 
Alhouasst Anoh) frum the Ecole
 
national superieur ties travaux publ i
 
IFLNSTP) ill
('Uite d ivoire received 
practical traiiing inIWARl)A 's Fairi
 
D'eitIprtileIrt ()fice uLriler tire ttiiitIuce
 
of tire fill Ialllaer. ('.B. Btt'.vala.
 
The stulthetls .,cre ilWARD)A froit 
Juil\, IoI)Ccenrhber IttI)2. A set tof 
projects \as preaired lor each siluleill 
according ti his specialitv: these 
includILed sutrvevirh. road coitrucl"i.mn 
preparalio utf ctl Iesiiiies. design
 
iii'a sprinkler irrigation svstenli,
 
and coistriciitn of research ftirn
 
facilities.
 

http:coitrucl"i.mn
http:stalk-e.ed


WARDA/NARS training 
> seminar 

u consolidate collahoration with the 
NARS. WARI)A has developed a 

> 	 partnership iiodel %hich operates through 
> 	 W orking (;roups and Task orces. Tile 

I raininu Working Group, established ili 
Z 	 1990(to advise WARI)A oil training 
Z activities, provides achannel through 

hilh NARS personnel clan voice theirIn. 


> 	 opinions on issues relating to the strategy 
and content o1 WARI)A's training 
priigrall. Vithin th,- context of tlhe 
activities of*the' Irainiog 'Working (irotip a 
\VARIA/NARS i.aining seninar on. 
'Itlllari e developmentrSOUrces tor rice 
'cicnce in West Africa' was organited in 

S ,Ma\to r\'iesr traininig at1WARD andto 
lorinulate a plan t ac'tio fiore 

] 	 effective collahoration in training, between 
WARDA and lie national programls of 
trieniler states. 

The semrr inrar was held alWARI).,'s Main 
Researlh Center and Ileadqua ier,, i'hb6. 
It "as attended hs 21 scientists an trainers 
froi NARS and fromt international 
agricuhrural research centers ba.sed in sub-
Saharan Africa. The majoir issue, discussed 
ircI uded: tile rice ierce tra inirg needs Of 
nationial programils in West Africa; tile 
scope if WARI)A s training prograins: the 
prlems assioc iated "iliorgan iiing and 

. . ......
 

A
,
 

The Director General, Dr Eugene Terry, closinq the WARDA/NARS seminar on human 
resources, with Dr Joseph George (center), WARDA/NARIS Training Working Group 

chairman, and Dr Anthony Youdeowei (left), Director ofTraining and Communications 

malnaging in-cotlr, group training In-house training 
courses: and a plan o'action for WARDA/ 
NARS collaboralion in individual aMd In-house languia.ge training in French and 
group training to improve the protessiional English was started ili 1992 in (rder to 
competence of rice researchers, technicians improve the lalguage comlpetenlce (if 
and e.xtenllion personnel in the region. Tile WARI)A stalt. Classes are given in each 
seriniar proceedings are scheduled for langUlagC twice a week and all staff are 
publication in 1993. encouraged Italerid. 

M
 

http:languia.ge


SUMMARIES OF COMMUNICATiONS ACTIVITIES
 

Publications Unit 	 Considerable progress was made on Translation and Conferences
 
the preparation of a number of manuscripts. Services Unit
 

With fe,, staff and modest facilities, Among those wh ich are slheduled
 
WARDAs publications program for publication in 1993-94 are the
 
dieeloped Stcadil\ but SlowlV ill 1992. Tie following: WARDA's in-house capacity for
 

translating from Eng!ish to French was 
output of publications was lilited to some
 
extent b tlie need to [iroduce * ,
lhi umeros (clti Rv Lilerlitite .sk e,* Fraincai ted. Fre lancers.we conc ted fh r
 
documents prepared for tite EMIMR. 1991-1992 
 French to Englisi translation , ork . 

(English and French) z
With It.l comlipltion of the capital I'riiitin, in Rice Pro'( l',i'o nt."Coutr.wC Figure 19 In-house translations 
developinct project, tile publication tf tile Int.trti't".s M ii undertaken at WARDA, 1992 

uSpcial ne ., Sletter. IARI)A I)evehi nt (E nglish edition 1993: French edition 


I :'/)daIC. sas c m1cil Cd tit ltll her 7. 1994)
 
. h/owtn ResutoreC.)) v'h/mwint for 2.5 

The oajor hook,, and hooklets publisied Rirle S''en' in IVesAf''icl: 
duriLt c tile ,Car \k etc: P1'o . WARI)ANARS 

rlilln, . 11'oillr 2.0V 	 z 
•WVIRI),.A ,.ijunlRclmt 199/ (English Mid FrIVcIl)
 
LII ll U (;ih /.a 'itptiin' (n
and Frenchl) 1ARI)A 7"liting 


I'() 40lwfrl o It oik 11/0l Btidi't /993 Wnd Pr.,ci iti of/RC Iln.wcl s
 
I Enclish i 	 (English ald French) 
(;rti j "I cl' ihiht l I riti i int IIARDA * t lrAimn.i , Guide2. I/h Ri'e' . 1.0 -	 0 
/ 993 	 Phlit (Ind i Ill virtmnliCt "i 
(Ettei l and Frlich) 	 IEIig !ishand Fretch 0 U 

* (hirmvinu, Rh'v it li .w.-11ica:A 	 * Bibliogriraphyon ()rs\a plabeni ha zo 0.5 
l'(Wtncr,'.Primer (English Mid FIretchit
 
IF cnglili * Rcs l itce.( (nd . ' ( '.lCer 1f 0_
 

• AIA ((tlin, Prot(,&Ire'S Manual (WARI)A'. Librar" utndlDo tnlnt(iitn Type of document 
i English) 	 center'l 

STlajirlilk (English and French) I Adminis', five documents 
(Enlisit) •WARI)A'.%Itublicatiot. /1 U Rice research documents 

" Cur,'nt (o nt.s at WAR/A /974-1992 Training notes, manuals and 
English aid French: monthly)E 	 (English and French ) communications papers 

ED Miscellaneous documents 

.Fi,A > , 	 cure 19 sitllli li/cs tIle ai e i([
AR volnle of, docutttctttsrpti tratslated in-house 

I kQ/NI: durIIing&tite year: tite figures represetnt ant 
ArING increase oIfover 1500(pages ill tile VOIlumeI 

Wol Of ilI-loLIse translations compared to 1991. 

V .RA Public awareness activities 

' a. r IEfforls to protimtte tile activities of 
WARI)A ad tle conltribution of' th" 
CGIAR to agricultural development in ;utb-

Sahiatai t 'rica ssetc initeutsified through
S ii -- \saritous rneans. Ai interview %vith 

"WARI)A"Ns)ireclor :ifla-- vas liroadcast 
oit tile 1313C Africa Scr" ': and Radio 
France Intertatiottal. 'There were f'rquent 
reports tt WARDA's acti'ities it recgioal 
tliia /llt! slCit as It('. ,Ifti l (I atl.It'll/ 
A/i-hIm'. as ,e,,ll a, il i local te wspape rs. 
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Library and )ocumentation 	 -[I i; 
> Center 	 : 

S ,.ial ef orts v.cr, n lade in 1992 It
 
qlngelllcil (Ihe of WV:\RDA's
ICstlrcc 


Lihrir'-N nd ltocumenlcatin ('cnter all' 
s ) 
iihpro,e infioriation disse n alin scr, ice,, - 
to \\"\RI)A and NARS scientists. Il
 

+
collaboralio .\ilhi 	 - if(A li nternatioinal. 	 " 

\V \R \ initiatcd [ic ('.i International/ 
-" \\ARID)A Project to Slrcntft the]cn 


InIrtli i o ni lt,ilt- R ice R search. ainledI
 
at npi UadinL,' to serve
WAR)A",capaciit 

&, tie plIar,, ricc-based 1Irnting ,,,terS\
stinis
inforir'lalionce'nter ltr ,uh-S.ithara.n A\lricil. I 	 ;" 

WARI).\ plased a lltJal a std'role in ..
COitnisioiicd h\ ('A and I('()\VAS to..w :. .-. ', 

;iuicuhitural 	 ,.S ,),csx ilthe inIonrnation needs ill. 	 " - . 

F'K(()\WAS cO)tic and turntilaic a 	 .t 

r giconii)ial f)ligrilii oilSI Inr \\est :\lrica. 
\ teIalil,cV'l 	 WARDA's Library and Documentation Center,of)"1 jliftlliltJiI ;it 
-',iricultirllt,ciinc, c\pcrls \iilcd ri ional a major source of rice science literature in 
andllitlillial iltjtutuiin aid preparcd a sub-Saharan Africa 
inonoiia)h on cach c)Ouiitr. WAI A's 
l)ircctor tit 'aiiiiiie ailid ('o4intiicati)tns 
and ic DI)octilciialist pal-ticipaicd inthc transation, productioln antd disiribulion o In May. \VARI)AWs l)oCuillclitliSt 
Sir[\ C'e,4)t Hcntin. ('61C 1'1fI ireC.(luinail the national nionograplt in 19t92 and the iscininar. ;ilatctnded the invitation o1the 
aidt Fo')g. and as tinilrs of,tilesicrig regiotnal synthesis rcport in 1993. It is ACCT. ointhe usc ol('1)-RONI ill 
(oininiiItcc \\ hich net Scrn,:al cxpcted Ihal WARI)A will play a leading docunilctntatint. held atlthc lColeiill n 

cnitil itupte nl inlinnatilicllnll 

rclp)nihiliis of ii)itoring and 

)ctober. WAR I).\ sa, i\ rotlt nti e S'Il program. 	 dc Ilordcaus 0FIl3) in France. 

As part of WARI)A',se forltsto st nicintlhti 
coordillatinti the preparatioi. editin. ('oiStrulctioin bcai atilN wi"' NARS, lrainino ol \Iiii-Micro ('I)S/ISISM1b1 i;. 

Library and 
D)OcuttnCltili ('cnllr. defniliiol iinlpicicltaliht and 

Figure 20 WARDA library acquisitions ilanacienicl was givcni t) II)ESSA's chief' 

building Io ioise tfile 	 soflVtware and biblio'graphic database 

during 1992 	 librarian. WAR),A's )ocumnitalist visited 
I. iliralr acq uikit ions 	 Juine and October tothe Salil I)l'orant ill 

4.0 	 I'le acquisition o"materials l rice 
research and product ionland icated Table 33 Distribution of addresses 

-	 3.5 Subjects was intensified. \%ith particular on WARDA mailing list 
enlphasis ol publticatioiis in Fireich alid database'= 3.00 	 Publications relevl'ant to 'citv'iniiiilcilllill and 

2.5 	 Stliilbiliy issies (ACe Ficure 2)i. ['Hie Number of 

20- uistiont I'u.res tilerature frout WARI)A Region/country addresses 
ill0inhr counltrics \,tatlsoa intensified. Tel 

' 1.5 library subscribed to o\er 15)journals tid Africa 2424 
received severat iider ,scftangC!1.0-	 . j)urnals WARDA member countries 2180 

.tarralgeIcnlts itutilirinstitutions. America 	 226< 0.5- USA 166 
Canada 17 

Type of document I)alal)ase inantgaietn Latin America 43 

The ('eiter's three main in-louse databases Europe 	 202[] Books D] Reprints/ 	 WRI E f idit A J 
hotocupes -- \VAI,II Il- I in(] the W ARI)A 

* Periodicals Others nailing list database -- ercexpandcd. 	 169pl 	 w% Asia 

* Annual reports \VARI antid PERI) now contain 13 461 Oceania 	 9 
Cind 1226 records. respectively. Ile 

] Catog s/pamphlts distributin otl'addresses il li' niii. list Total 3030 
dailal;.se is,, 3.
lIo\\ ntill I'aIble 
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inprove [tic librar, fha'ilities there. 
inttroducii ioic eflicient procedures 
based oi scietisl, Lesignlign eCCds, I 
database Ior tile muanageent of' library 
rcsources and training tile IibrarY staIl. One 
innther of stalfI at the Saahel Procrai 
library. Aid )iip, catle to WARIDA's 
Library and Dou,'tlilltatioln Center for 
furthcr training ill lihrars :id database 
IllaMlnlelnllt T o scieltists %oIrking otil 
Phi) Ihescs. Youssouf ihttcbele (INERA) 
and Selonile )ogbe (INCV). were trained at 
the Center il thos to retrieve infrirnation 
reqnired Ior Iltir s (Irk alnd conducted 
in-depth iterature searches.lI 

WARI)A receivcs regular updates fronl 
severail externl aCriculItural latlabases. 

Fiiancial aind technical support for iltis 
activitv isproIvided by CTA, tlhrough 
its CD-ROM Project, and by tile IDRC. 
The exrternaldatabase:, currently being 

sed are: 

oill(ICD-ROM 

- AGRICO)LA (Agricutliural Ott-
.ine Access),19 toV)71(present., 

updated quarterly 
- A(iRIS (Ilnterlatililnal 

Inforniation Systeln for the 
Agricultural Sciences and 
Technology), IQ86 1to 
present. updated qulrterly 

- BRIO IBanquc Lie resstlUrces sur 
les technttlogiesiC l'iniftornlatit 
en langue franaise/l)atabase (f' 

resources otil iil'tornltion 
echliltogy. ill French) 

- CAB3 ABSTRACTS, 1084 to 
present, updated anltually 

-
-

CABPESTCD. 1973 to 1991.
uplated annually
CSIS/ICAR (Curren Search 

CiS/iaR (urtear c 
Ihformat(Itll Syste tIf ie Untitedi 
States Departnient tof Agriculturc. 
and Invenltry (l Canadian 
Agri-Food Research of lie 

Canadian Agricultural Research 
Clouncil) 

- KIT A1BSTRACTS[['ROPAG & 
RURAI., abstracts (il tropical 
agriculture and abstracts oiI rural 
developinent inthe IIpics, 1975 

to(present, updated quarterly 

SESANiF. French ahnaICe 
literature (in tropical agricultural 
research and rural (leseloplnen 
fromt several orani/altions, 
including ('IRAI), INRA. 
ORSTOM , Il)DIA/SC(EA(iRI, 
Facull6 des SCejences 
AgronomitLeS Lie ( jemblolus aid 
ISRA 

iondiskette 
- AGROSTATI( (FA() lite 

series statistics ). 196 to present. 
updated annually 

- CUlR RENT C( )NTENTS ( N 
DISKETTE, agricu I lire, hiolhogy' 
and etivironintentailt sciences. 
.lbst racs w ci iye i ltti ate 

access to current bibliographic 
dLila I'rlol thousands of journals 
aLnd booIks: each \vek. a iic 
diskette is delivered to WARI)A,
ready to be laded and read oiil 

tile COtnptlter 
- RICE Al ISTRAC'TS. prepareld by 

CA13 Intemational and isSuCtl 
(I arterly 

Table 34 	 Number of respondents in 
the WARIS survey and 
number of requests received 
from rice scientists for 
documents from WARDA, 
1992 


Country 

Benin 
Burkina Faso 
Chad
Cameroon
C6e d'voire 
Ghana 
Guinea 
Guinea-Bissau 
Liberia 
Mali 

Mauritania 
Niger 
Nigeria 
Senegal 
Sierra Leone
The Gambia 
Togo 


Respondents 

3 
4 
1
5
22 

8 
7 
1 

-

-

-
3 
8 
5 
9 
2 
-

Requests 

9 
23 
2
1 

147 

34 
6 

-

-

-

-
1 

25 
17 
32 
-8 

Ba sed on rcquest trm WARI)A and 
NARS rice scientists. bhilingraphic 

tilo'nlation is reIrieve'd IOil, in-house and 
e\ternal databas es and printed out oi

\ownlolded Oil in diskeltcs. Al increasing < 
ullmber of'requeSl tor literature set th , 

%kere subnited in 19)2, and over 71 
searches were iade. A catalogte olt the 
literature searches+Conilictd during tite 
ear %sill he available in 1993. 

(ther acti'ilies 

Tile product iI a lioc wrt o/ Ri e 0 
Scivlti.,l iltlit.v A/rna is an actti it 
within the WARIS plt'iC tIFRideby Ihe 
II)RC. A LUCstitt lnlirVI as prepared iitdlt 

set Itorice scient ists in oIrdler tIl gather 

iil('rnialiItn to cllipile their rese cich 
prlilesTIe IlItlbe11hlr (l respI)lSeS rccei\ed , z 
by cullltry., are given in Table 34. 

The WARI)A inailitt Iisi %%&- usLed to 
distribute over 3()(lt copies of the /99/ 
.Annual /tpor . ()ther )ublicat ions 
distibuted diuring tile Near inclided the 

II'AI,/A1 Ihwl. one issic ilf 1 ARI)t U 
/)('cbp11(,'lltt/p/w. t%vo issues If 

IVAR/)A N'w, and 12 issues (If('lorl 

(Cmnent..v at II'AR A. 

In addition to library hook loan scrs'ice',. 
o%er 375 ptuliCatilIlS and 43 00( 
photocopied pages fl'Jourial articles aind 
boIok chapters sere selt in respontse to 
retuests received in I992. Over 500 
reqlests Ior docuetlnts were received 
dtiring Ilte year (5'c Table 34). 
Organizations that were particularly helpful 
in providing iaterials ilt available at
WARI)A ilCludcd CTA. IRRI and tle
Agricultural University ol Wagetningen. 

The Library and DlLcuLnCntation Center 
stall regularly visit ilStitlutitllMid 
illfortaatitn services ill Cte d'lvoire to( 
establish and stretnglhcn collaborativc links. 
Itt i)92 they participated ill tile activiles If" 

the i vorian agricuitural inl'lrtntatilln 
network. REI)A(I. and helped design a 
q .estioltaireainlied .l galiering data ott 

oinfrilatitI Indtlulntiiti(Irt cel+r I'lr 

public'atioln il a iational directory. 
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West Africa Rice Development Association 
> Statement of Financial Position as at 31 December 1992 

(expressed in US dollars) 

> 

z 
aCURRENT 

> 

1 

ASSETS 

Inventory 
Accounts Receivable - Donors 
Accounts Receivable - Other 
Cash and Bank Balances 

o 

CURRENT LIABILITIES 

Bank Overdrafts 
Accounts Payable 
Provisions and Accruals 
Contributions inAdvance
Project Fund Balances 

Net Current (Liabilities) Assets 

Property, Plant and Equipment 

NET ASSETS 

Represented by:
Capital Invested inFixed Assets 
Restricted Funds 

Capital Fund 
Unrestricted Funds 

Operating Fund 

FUND BALANCES 

1992 1991 

195418 
2100 687 

713 837 
874 742 

3884 684 

154881 
2291547 

596 920 
401 707 

3445 055 

1623 685 
2384 373 
1 109091 
1356 496

192733 

880 258 
989 472 

2671 650 
283 777
192733 

6666378 5017890 

(2781 694) 

12 455 494 

(1572 835) 

10 112 085 

9673 800 8539 250 

12455494 10 112085 

(3951 380) 

1169686 

(2984 326) 

1411491 

9673800 8539250 

The financial statements were approved by the Board of Trustees on 13 May 1993 and were signed on their 
behalf by: 

Director General 

Acting Director of Administration and Finance 

M 
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West Africa Rice Development Association 
Grants and Contributions for the Year ended 31 December 1992 

(expressed in US dollars) 

UNRESTRICTED RESTRICTED COMPLEMENTARY CAPITAL TOTAL TOTAL 

CORE CORE PROJECTS DEVELOPMENT 1992 1991 

DONORS 

World Bank 1500 000 - - 1500 000 1785 000 
Sweden 633817 - - 633817 595803 
Canada (CIDA) 670860 - - 125786 796646 832275 
Canada (IDRC) - 33956 50635 - 84591 39975 
AfDB - 621 932 101 180 - 723112 724065 
The Netherlands 134 738 - 1 156 - 135 894 634 562 
Germany (BMZ/GTZ) 191 718 293 498 - 1653 779 2 138 995 1 594 101 
France 277058 1463 - - 278521 1490012 
Japan 883 309 - 54 076 623 540 1560 925 1309 436 
Belgium 59679 - - - 59679 60 155 
EEC - 270436 54093 - 324529 530314 
UNDP/FAO - 543917 - - 543917 70570 
USAID - 512506 - - 512506 525688 
Italy 105263 - - - 105263 120299 
UK (ODA) 189904 - - - 189904 180416 
Rockefeller Foundation - 3 000 - - 3 000 5 000 

Subtotal 4646346 2280708 261 140 2403105 9591299 10497 671 

MEMBER STATES 

Burkina Faso - - - - 13 142 
C6te d'lvoire 63 683 - - 63 683 -
Nigeria 167 254 - - 167254 50 000 
Sierra Leone .- - 6011 
Togo -... 18500 

Subtotal 230 937 - - 230 937 87 653 

SUNDRY INCOME 113255 - - - 113255 34286 



West Africa Rice Development Association 
> Statement of Activity by Funding Source for the Year ended 31 December 1992 

(expressed in US dollars) 

z 
z UNRESTRICTED RESTRICTED COMPLEMENTARY TOTAL CAPITAL TOTAL TOTAL 

CORE CORE PROJECTS OPERATING DEVELOPMENT 1992 1991 
REVENUE 

1- Grants and Contributions 
Donors 4646346 2280708 261 140 7188194 2403105 9591299 10497671 
Member States 230 937 - - 230 937 - 230 937 87 653 

r Other Revenue 113255 - - 113255 - 113255 34286 

0 4990538 2280708 261 140 7532386 2403105 9935491 10619610 

.- EXPENDITURE 

Research Program 2282913 1675508 256627 4215048 - 4215048 3319740 
r, Training and Communications 749 340 564 915 - 1314 255 1314 255 790 649-

General Administration 2017114 - - 2017114 - 2017114 1766097 
Capital Development -  - - 734 242 734 242 563 211 

5049367 2240423 256627 7546417 734242 8280659 6439697 

ADD
 

Depreciation of Fixed Assets 168 404 40285 4513 213 202 276 775 489 977 258 831 

5217771 2280708 261140 7759619 1011017 8770636 6698528 

EXCESS OF (EXPENDITURE 
OVER REVENUE) REVENUE 
OVER EXPENDITURE (227 233) - - (227 233) 1392 088 1 164 855 3 921 082 

Extraordinary Items  - -. 80 804 
Prior Year Adjustments (14 573) - - (14 573) - (14 573) (55 882) 

RESULTS FOR YEAR (241 806) - - (241 806) 1392088 1 150282 3946004 

FUND BALANCES AT
 
BEGINNING OF YEAR 1411491 1411491 
 - 1411491 827598 

Bad Debts Written Off  - - - 57 974 
Transfer to Capital Fund - - (1392 088) (1392 088) (3420 085) 

FUND BALANCES AT 
END OF YEAR 1 169686 1169686 - 1 169686 1411491 

U! 
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Principal Personnel 

OFFICE OF 1HE DIRECTOR GENERAL z 
Eugene R.Terry, PhD Director General 
Augustine Owusu-Sarpong Executive Secretary 

ADMINISTRATION AND FINANCE DIVISION 

Gordon MacNeil, MBA I Director of Administration and Finance 
Kwame Akuffo-Akoto, BSc, FCCA Financial Controller 
Honore Bobo, MS,MBA Chief Accountant 
Bola Andrews, MA Administrative Officer 
Ursule Konan, ML, CFB Personnel Officer 
Boniface Ouedraogo Administrative Assistant 
Zakrizou Bredou, DUT Accountant 
Mark Etsibah Accountant 
Casimir Grouto, Ing. Bat. Physical Plant Services Manager 
Helen Nevell, BA International Purchasing Assistant 
Odette Amani, BTS/S Executive Secretary 

RESEARCH DIVISION 

Research coordination 

Peter Matlon, PhD Director of Research 
Edgar W.Richardson, PhD Biometrician 
Chitti Babu Buyyala, BSc 
Michel Briat, IA2 

Farm Manager 
Assistant Farm Manager (Operations) 

Volker Hell, MOC Assistant Farm Manager (Mechnical Maintenance) 
Vincent Elegbo, Ing. Genie. MEC 3 Assistant Farm Manager 
Maxwell Adjei-Fah, Dip GIL Executive Secretary 

Upland/Inland Swamp Continuum Program 

Bouak6, C6te d'lvoire 

Elvis Heinrichs, PhD 
Abdoul Aziz Sy, DI., DE.Es-Sc. 

Program Leader (until 29 November) and Entomologist 
Pathologist (Acting Program Leader, 30 November to 1March 1993) 

Monty P.Jones, PhD Upland Breeder 
Akinwumi Adesina, PhD Production Economist 
Kanwar Sahrawat, PhD Soil Scientist 
Laurence Becker, PhD ' Geographer 
Thomas Remington, PhD 5 Cropping Systems Agronomist 
David Johnson, PhD 6 Weed Scientist 
Michio Takeda, BSc Grain Quality Analyst 
Roger Diallo, IA Research Associate, On-Farm Research 
Sitapha Diatta, DEA Research Associate, Soils 
Koffi Akator, MSc Res,, rch Assistant, Pathology 
Moustapha Gaye, MSc Research Assistant, Economics 
Semon Mande. MSc Research Assistant, Upland Breeding 
Mobio Sika, MSc Research Assistant, Soils 
Teslim Ibrahim, NDAM Post-Harvest Assistant 
Bila Belemgoabga, MA Administrative Assistant 



Ibadan, Nigeria 

Baij Singh, PhD 
Oyin Oladimeji, MSc 

Lowland Breeder 
Research Assistant, Lowland Breeding 

Sahel Irrigated Rice Program 

St Louis, Senegal 
Kouam6 Miezan, PhD 
Michael Dingkuhn, PhD 

Thomas Randolph, PhD 7 
Aissatou Samb, DUT 
Alioune Nidaye, DSC 

Program Leader and Breeder 
Physiologist 

Economist 
Research Assistant, Physiology 
Administrative Officer 

Mangrove Swamp Rice Network 

Rokupr, Sierra Leone 

Martin Agyen-Sampong, PhD 
Robert Guei, PhD 
Robert Chakanda, BSc 
Charles Dixon, MSc 
Sorie Kamara, BA 8 
Lamin Kargbo, CIS 

Network Coordinator and Entomologst 
Breeder 
Research Assistant, Breeding 
Research Assistant, Soils 
Administrative Assistant 
Administrative Assistant 

TRAINING AND COMMUNICATIONS DIVISION 

Anthony Youdeowei, PhD, FAAS 
Madeleine Yesso, BTS/S 

Director of Training and Communications 
Executive Secretary 

Training 

Zainabou Cole, BSc Trainer 

Communications 

Alassane Diallo, MSc 
Christiane Soufflet, MA 
Solange Bembafoum, DESS 9 
Messan Dossekou, MSc 

Documentalist 
Translator/Reviser 
Translator 
Desk-Top Publishing Assistant 

CAPITAL DEVELOPMENT 

Peter Mather, ARIBA Development Officer 

Notes: 
1 
2 

Left inSeptember 1992 
Left inAugust 1992 

6 
7 

Joined inApril 1992 
Joined inFebruary 1992 

3 
4 

Joined inNovember 1992 
Left inApril 1992 

8 
9 

Left inMay 1992 
Left inSeptember 1992 

5 Left inJuly 1992 

Ul
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Short-Term Consultants 

Research 

Mr Follard Asch 


Dr J.C. Griesbach 


Training and Communications 

Dr Osebekwin Asiribo 

Ms Wilhelmina Colley 

Mr Emmanuel Edu 

Mr Albert Gogan 

Mr Barry Hall 

Mr Mohammed Jarnmeh 

Mr Anguette Kouame 

Dr Joseph Kwarteng 

Mr Ludovic N'Cho 

Mrs Kay Sayce 

Dr Edwara D. ,piff 

Dr Roger Stern 

Ms Joanna Traynor 

Dr Bansh Tripathi 

Dr Valentine Yapi 

Dr Rainer Zachmann 

U 

z 
Research project on the physiology of salt tolerance inrice plants inthe Sahel 

Soil erosion and conservation at M'be research farm 

Coordination of group training course inComputer Applications and Statistical 
Analysis inAgricultural Research 

Trainer (WARDA alumnus) 

Copy editing of training manual 

Training coordinator (WARDA alumnus) 

Technical photography 

Trainer (WARDA alumnus) 

Associate training coordinator (WARDA alumnus) 

Preparation of training materials 

Technical coordination of Upland Rice Production training course 

Writing and editing 

Technical coordination of group training course on Crop Protection inRice 

Organization of group training course inComputer Applications and Statistical 
Analysis inAgricultural Research 

Installation of desk-top publishing facilities and staff training 

Preparation of curriculum for group training course on the Development 
of Training Materials 

Preparation of database on WARDA's group training participants 

Preparation of curriculum for group training course on the Development 
of Training Materials 

LQ 



Publications by WARDA Staff in1992 

>Journal articles 

>Adesina, A.A. 1992. Oxen cultivation insemi-arid West Africa: Profitability analysis inMali. Agricultural Systems 
Z 38: 131-47 
Z Heinrichs, E.A. 1992 Rice insects: The role of host plant resistance inmanagement systems. Korean Society Appl. 
aEntomol. 31: 256-75 
>Jones, M.P., Leutong, F.and Tchatchoua, J.1992. Asurvey of rice diseases inCameroon. Plant Disease 77: 133-36 
t-" Sahrawat, K.L. 1992. Transformations of surface-applied urea inthree soils of varying pH. J.Indian Society of Soil 

Science 40: 368-70 
Dingkuhn, M., Schnier, H.F., Javellana, R., Pamplona, R.and De Datta, S.K. 1992. Effect of late season nitrogen application

Ton canopy photosynthesis and yield of transplanted and direct-seeded tropical lowland rice. I.Growth patterns and yield 
components. Field Crops Res. 28: 223-34 

o 	 Dingkuhn, M., Schnier, H.F., Javellana, R., Pamplona, R.and De Datta, S.K. 1992. Effect of late season nitrogen application 
on canopy photosynthesis and yield of transplanted and direct-seeded tropical lowland rice. II.Canopy stratification at 
flowering stage. Field Crops Res. 28: 235-49 

Book chapters 

Adesina, A.A. 1992. Village-level studies and sorghum technology development inWest Africa: Case study inMali. 
InMoock, J.L. and Rhoades, R.E. (eds) Diversity of Farmer Knowledge and Sustainability. New York, USA: Cornell 
University Press. 

Agyen-Sampong, M., Jones, M.P. and Fomba, S.1992. Rice improvement inthe mangrove swamps of West Africa. 
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Acronyms 

AfDB African Development Bank
 
AICAF Association for International Cooperation inAgriculture and Forestry (Japan)
 
ATSAF Arbeitsgemeinschaft Tropische urid Subtropische Agrarforschung (Germany)
 
AVRDC Asian Vegetable Research and Development Center (Taiwan)
 
BDPA/SCETAGRI Societe d'etudes et de conseil pour I'amenagement rural, l'inventaire et la gestion des
 

ressources (France)
 
BMZ Bunderministerium fur Wirtschaftliche Zusammenarbeit (Germany)
 
BNDA Banque national de developpement agricole (Mali)
 
CD-ROM Compact Disc-Read Only Memory
 
CGIAR Consultative Group on International Agricultural Research
 
ClAT Centro Internacional de Agricultura Tropical
 
CiDA Canadian International Development Agency
 
CiHAD Centre de coopp.ration internationale en recherche agronomique pour le
 

developpement (France) 
CIRES Centre ivoirien de recherches sociales et economiques
 
CNRST Centre national de recherche scientifique et de technologie (Burkina Faso)
 
CODESRIA Council for the Development of Economics and Social Research inAfrica (Senegal)
 
CTA Technical Centre for Agricultural and Rural Cooperation (Netherlands)
 
ECA Economic Commission for Africa
 
ECOWAS Economic Commission of West African States
 
EEC European Economic Community
 
EIER Ecole inter-etats d'ingenieurs de I'equipement rural (Burkina Faso)
 
ENSA Ecole naiional supbrieure agronomique (C6te d'lvoire) 
ENSTP Ecole national superieur des travaux public 
FAO Food and Agriculture Organization of the Uoited Nations 
GTZ Deutsche Gesellschaft for Techniscl- Zusammenarbeit (Germany) 
IARI Indian Agricultural Research Institute 
IBPGR International Board of Plant Genetic Resources 
ICRAF International Center for Agroforestry Research 
ICRISAT International Crops Research Institute for the Semi-Arid Tropics 
IDESSA Institut des savanes (C6te d'lvoire) 
IDRC International Development Research Centre (Canada) 
IFDC International Fertilizer Development Corporation 
IFS International Foundation for Science (Sweden) 
IIMI International Irrigation Management Institute 
IIRSDA Institut international de recherche scientifique pour le d6veloppement en Afrique 
IITA International Institute of Tropical Agriculture 
ILCA International Livestock Centre for Africa 
INERA Institut de recherches et d'etudes agricoles (Burkina Faso) 
INGER International Network for Genetic Evaluation of Rice 
INRA Institut national de la recherche agronomique (France) 
INSET Institut national superieur de I'enseignement technique (C6te divoire) 
IPM integrated pest management 
IRRI International Rice Research Institute 
ISRA Institut senegalais de recherche agronomique 
KIT Koninklijk Instituut voor de Tropen (The Netherlands) 
MRC & HO Main Research Center and Headquarters (WARDA) 
NARS national agricultural research systems 
NCRI National Cereals Research Institute (Nigeria) 
NRI Natural Resources Institute (UK) 
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OCCGE Organization de coordination et de cooperation pour la lutte contre les grandes endemies 
> en Afrique de I'Ouest 

ODA Overseas Development Agency (UK)
 
ORSTOM Institut franctais de recherche scientifique pour de developpment en cooperation (France)
 
PERIO Periodicals database (WARDA)
 
SAFGRAD Semi-Arid Food Gain Research and Development
 
SDI selective dissemination of information
 

Z SPAAR Special Program foi African Agricultural Heusearch 
TAC Technical Advisory Committee (CGIAR)

Z TOT Training of Agricultural Trainers 

UNDP United Nations Development Programmme 
> USAiD United States Agency for International Development 
17" WARBI West Africa Rice Bibliographic database 

WARIS West Africa Rice Information Systems 
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