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--Facts 	 rl-he International Institute of fropical Agriculture (I ITA)Tone of tile major links in aworldwide network of agricultural

about 	 research and training ceters --was established as an auton-

IITA 	 omous, non-profit corporation on July 27, 1967. The Federal 
Republic ofNigeria allotted 1,000 hectares of land fbr the I ITA 
site, and the Ford Foundation provided initial capital for 
buildings and development. 

IITA is gcerned by an International Board of Irustees, the 
membership of which includes representatives From develo)ing 
Countries illareas of the Institute's concern. 

The principal financing of the Institute (and otherl centers) 
is arranged by the Consultative Group on International 
Agricultural Research (CGIAR) -- an informal group of donor 
countries, developmwnt baiiks, folundations, and agencies. 
Support fbr I ITA's research and training core program in 19P2 
was provided by the Canadian International Development 
Agency (CI DA), Overseas Development Ministry of the United 
Kingdom OI)MI), U.S. Agency for International Development 
(USAII)), World Bank, International Fund fbr Agricultural 
Development II:AI) , Ford Foundation, OPEC Fund for 
Agricultral l)evelopnent, and tie governments of Australia, 
Belgium, France, India, Italy, Japan, Netherlands, Nigeria, 
Norway, and Federal Republic of'German'y. In addition, other 
donors provide utids to the Institute, particuIlar.v to suIpport 

specific research or training programs 

The "geographic mandate" of I ITA includes the humid and 
suhlhumid tropical zones, and the Institute concentrates its 
research and training in two major areas: farming systems and 
crop improvement of certain designated cereals (rice and maize), 
grain legumes (cowpeas and soybeans), and roots and tul)ers 
(yams, s-weet potatoes, and cassaVa"). 

Correc (iation: Int'rnational luatitule /* Tropical Agriculture, 1983.
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Preface O ne measure of*th success of'ITA's research isthe impact it makes 
at national levels in Africa and throughout the humid and 

subhumid tropics. We strongly believe that agricultural research isnot 
an end in itself. It must be used and should contribute to solving 
developing countries' fibod problems, which at times appear to bv 
intractable. A filod crisis exists icltropical Africa, but th,"situation is fltr 
from hopeless and wlre isevidence that set-minglv static societies can 
mcve - and q uickly. 

I ne major portion of'(1nr research is conduct'd in thice ecological 
zones in Nigeria humnid forest, transitional, and savanna and these 

zones arec representative if climatic and soil conditions inn;mv areas of 
Africa, especially in \e'(st But Institute is not "NigeriaAfrica. the 
bouncl." Reseaich at other sites in other countries, in collaboration with 
nttional and iregioltal and other intarinatiotnal 'citels, eisures due 
attention tore'al \wcar poble msnI and helps to.g.t agricuIture mving. 

Our basic concept intliwc'e to c'.xnd the (''i'vircllini'iital scope ofcases is 
the Institute's rescarcl aid tlr(cl) ihanc' tlieIrospect of'ideiltifing 
technology ich'vant and applicabl to a wide r'tange (I'situlations. \' Ii 
a Country or re'gion in'it's( IT .\tocparticipatc inrc'seat Il)lJro e.(s.we 

usually responld inia positive falshion ifboth call give and gain fn10 
them. 

are reported in this 

publication, inclutding the article (10 tlic of'I ITA-imprved cassava 
S'vcral exailt')ls of' such collaboratinc 

usc 
breeding material in iine Afiican oulti c's a( rwpdea varictic'sni 

farms in Nigcria and Brazil. Othcers tell bric'lv f 'searh pro cts in 
Camrcion, Ghiana,aid ULpp'r Volta.and tlw'\ arc only a fi'w of naliV 

that could ,he
told.
 

For tle firsttineic,%wc' reincluding al article (ilthe liistitute's 

irainiiig program tlilarg'st it)tli ilitc'riatioilal research(ll(,fd' 

neitwirk. 

If'yciu would like to have nor" cmnlh'tc informa tion oin all o'tli'sc' 

to p ics, you may wish to rCqu('st a CoJ)py (i'ftir Annual Rcport. 

EIiond lhar'ial 
Director Ge'neral 
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A village woman in 
Africa prepares "gari"
a rassava product. 
Cassava provides more 
than halfof the ca'oric 
requirementfor 200 
millionpeople on the 
continent. 

Development, Release, and Adoption of 
Improved Cassava Varieties 1978-82 

48ces 
million ictarces, and this staple ind crop provides more 

than 50O",, of the caloric requiremcni for 200 millioti people oil 
tw contilneit. Silce its introduction 1rom Latin Amcrica many 
y(airs ago, (assava has flayed a vital rolh ill alhviating faimine 
cotiditioiis il Afiica by p roVidigi. a suistaiiied fhod sulfply wheln 
Ither crops filed. 

A frica prod 1 million toils of'cassava annually firom 7.4 

Cassava has Ilhese recoglizcl advantages: adapts to (lier'(. €" 
(nvionmeints and lirmig systems; requires I%i'w production 
skills and limited i iputs; sutys ill the grouind ftr tu lo 2 1 mliso . 
until required ftr consumiot ; and remains relatively drought 
tolerant, survivin.g Rbw I six molhs ofdry weather. 

Regardless of' lelse aldl other fiivoraile charactcristics, the 
average cassava yield inl Afiica has been very low ( toiis/ha 
.m parcd with a poteintial of* 1.) 20 toils. This low average yield 
is (It' l)rimarily to cassa va llosalic (isease CM:',I)j, Ca.ISSa\a1 
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bacterial blight (CBB), pind more recently to cassaw rncalybug 
(CMB) and green spider mite (CGM ).Th latter two are 
believed to have been introduced fiom Latin America. 

To oveircom(e these proluction constraims, I ITA has 
developed iml)roved ctas.-,iva varieties and bx)eding pojhilations/ 

lImilies thai are high yiekiding, resistailt to diseases and insect 

pests, good in qluality fbr coll. illislr ac'cepta', a1(l low ill 

cyanicle content. 
Ihe improved I ITA br eling nimatrial iii hoth seed and lissue 

cuhtl i oe ihas setl ma iy cassavafi)r been to 1Iation al 
improvenent programs in Af'rica fbr re-svlcton under their 

envirionmentld conditions. Amiong tile latio ml programs 

receiving illproveld cassava blrcc(l ing Iaterial fronl IITA, 
sevei'al huItave (h'\(l anti1 releas(.( improiveI viltlim's ill Ihei r 
(own €coilrics."l'lcy iiclud,ithe ilowilig: 

Nigeria: Five iniprovecd viiieties TMS 30572, 30555, 

30337, 30001, and 30211 ha've been rapidly multiplicd and 

(listri l)it'd to th iisail(ls of, ilrme'rs t hriigh the Natiomial 

A\ccelerated [ocFd Pr-oductioll Project NAI"PP), National Root 

Crops Resca rcih institntc, Natiolli Seed Scrvice, Slate 

Ministrie's of AgricuLltlir. al private rgaiiizations. These 

improved var'icties have b''il mass adopted Iby hirinrs anl 
r('c''nt 1cpo-ts indlicat thatthey, aren()w llatcl (,I dwth 

80,000 h'ciares. 

Tlv give hIt'r1vrs these ;ld\';llltages ovel local unimlpro'ved 

varietics: 50 to 300'",, higher yiells; stable pl ,duction b.caus. 

of resistance (C (1313; I)etter ait 1I) aID(l ind (luickc'r cayiop 

€eveloile ilt whicli slels recovery li'om (MB and (:(;NI attack 

with the onset. o'tlie rainy s.ason ; reluced we'-ling by on( third 
or more; aid better processing qualiity. 

)enmnd by fitrincrs fi"planting material of tdlese \arictLies il 

1982 was high ati expected to increase in tle ye'ars alad. It is 

estimaed t hatt tlw pret'sent impro \(lvarieties will bc plai tcd oil 

3millioni hectares by 1990. New I)ronlising varieties sticli as "'MS 

4(2) 1425 aid 50395 are being multiplied on a la rge scal by tlw 

National Seed Service for distribution to state ministries and to 
larmlnc'rs. 
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Left, some of the 
improved cassava 
varieties rapidly 
multipliedand 
distributed to thousands 
offarmers in Nigeria 
throughnational and 
state agencies; right,a 
Nigerianfarmer'sfieldof 
TMS 30572-an HoTA 
improved cassava 
variety. 

Sierra Leone: In 1978, ilprowict cassava \ arietics 
ROC ASS 1, 2, aid 3 C and \eialrs latelrwrCrC'ase-d two 
NI (:.ASS , 2. ad 3. These six iww varietis wcrc dh'rived fiom 

I ITA I)1re(. il.g material. II perl( rnmilc tests without fi-rtiliza
li ii ill the 1980 /8i1 midall1981/2 seils()ll s, the illim(ccl varicties 
llicCd higlhcr ave ge yields agiig fron 9.7 to 25.5 tons/ha 

ilion, Ihill IIwo to liil li lles h'ilchl I* I hcal variety Cocoa. 

'hc lie'V h'.ties inuliplicd ;,t fivel h alilvail wen. atiolils 

(listrihilewl lo h)cal laiinelcr wilh thUSAII) Ihiaieial iil)l)or't, ali)( a 

ir'Llge quilitly oh jlaiiig imtl'rial ol'soei of* IhimI was selnt Io 
(tiiieia. 

Zaire: lised (il irmalee ill muIti-dhcatn tcsts overii 

several yvais, the Nit iali l Nanioc Prograu (PR()NANI has 
irehasel two illi'love v;itices Kililuni (30085/28) mid 
Kivivi (30070/'4). loth w Vi leTed fi'om I TA lhrcedhig 
nllti'idl .111d are alliricuiilrly rcsismill to Cli1, which J)reliolsl\, 
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A cassava seed 
multiplication field in 
Zaire. Two varieties 
selected from JITA 
breeding material have 
been multiplied on a 
large scale and 
distributed to extension 
agencies andfarmers. 

caused severe yield reductions and unstable production. Kinuani 
is also resistant to CGM. The two varieties, which have consumer 
acceptance becausc of good tuber and leaf quality ha'e )eel 
rapid ly multiplied on a large scale and distributcd to extension 
agencies and farmers. (PRONAM is a cooperative program with 
IITA and is financed by USAID.) 

Gabon: Since 1981, more than 200,000 cuttings fi'om fbur 
improved varieties - C'AM 76-6, 76-7, 76-13, and 76-33 have 
been multiplied each %-earand distrilbuted to several thousand 
farmners through ext,,,nsion agencies. These varieties, selected 
fi'om IITA breed.cing material ifltrodllc,-d 1y an FAO project in 
Gabon in 1976. have produced yields ranging from 20 to 40 
tons/ha. During 1982, the (;overnment of' (;aon sent planting 
material of thcse varieties to Congo.IIlquatorial (;uinea, and Silo 
Tome . 

Tanzania: Sclctions made roin theIll)R(C/FAO-sutlpr ted1 

cassava project gave average vi('ds of*30 35 toiis/la coml)ar'd 

witi 15 tos/ha ioni local varieties. Several of the most 

promising va.rietics, d(riv'ed fi'ml II"A )ree'di in m:t';rial and 
resistant to C:MI) and C(;I, have bwen nuh iplicd and dist 
trilu ted to faIrniers. 

Seychelles: I lT:\-imnpr 'cd bIreediiig material in seed fIrm 

was inltroduced into cmintry in 19175, andit live"mostIll("

promisinig varieties S(-\- 1-1, 213, 32,.!41.52 w ee ophqed after 

selectioi ad testing intl cotntry al 'elcasel in 1978. 'I'he 

lbest of, the vari.ti.s coul give a \ild(.t 5 totis/lha. Tlle\' ha\'e 

en multiplied ald (listribited to lari'ers. 

'
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Rwanda: A large number of l1TA-improved breeding 
families in seed fbrm were introluced in 1978, and selections 
were made based on perflrmance in the country during the 
following years. The 1) most promising clones have been selected 
and are now lbeing multiplied for distribution to farmers. They 
have yield potentials of 2") -50 tons/ha compared with 8 15 
tons/ha from local varieties. The Rwaidan National Root Crop 
Improvement Program is now financed by II)RC, 

Liberia:Thrce varieties CAR ICASS 1,2,and 3 have been 
released. Selected from I ITA-improved breeding material, they 
have yield potentials of'30 to 50 tons/ha and resistance to CMID. 
Tlleir consumer acceptance, quality has been rated as "good." 
The Liberian cassava project is niow financed by II)RC. 

Cameroon: Several promrising clones have been identified by 
thc Cameron National Root Crop Improvement Program 
(CNRCIPt from I ITA breeding material inder high rainfarll 
and poor sandy soil selection pressures. E'valuation is continuing. 
CRCI P is a cooperative program with I ITA and is financed 

by both iI)R(' and A(;CI). 

'' ni ii 
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Update on Biological Control of 
Cassava Mealybug and Green Spider 
Mite 

A ithin adecade after the discovery ol'the dest ructive cassava 
V -mealybug ,,.nihoti, MAT-FEIR.) and the(Phenacoccus 
green spider mite complex (Alonon,chellus spp.) in Africa, they 

have spreadCIover roughly half the cassava growing areas of' the 

continent. In three-lburths of' these areas they occur together, 
and compete for the sanw micro-ecological niche - the plant's 

growing point. The inealybugs and mites attack the plants 

throughout the ear with )opulation peaks in the dry season. 

Since the first successful releases in 1981/82 at I ITA of' the 

mealybng pr,.dator Sy.ws sp. and the parasitoid A+poanagrrus 

lopezi (Figure I), additional releases have beein made in Nigeria, 
Congo, and Zaire which resulted in the establishment of*these 

natural enemies. Within one year of* the first release, they have 

been fbund breeding up to 2 km away from the release site at 

IITA. 

Releasing two natural 
enemies of the cassava 
mealybug (CMB) in Zaire 
in 1982. 
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FIGURE 1. 
Impact ofreleased 
naturalenemies on Rlhas.e' oft Ir" two wiuieficial il.sects ill rlriners' ciassav'a fields 
cassava mealybug at *v* A Nigcria, ill 1982 rvstilted ill their establislinieit 
JITA. 

vithini six wveeks. later, sciveitists attending all initernational 
coil fil-c;i1e oil bioiogival control at 1I'IA visited one. of' these 
fields an(d wen.e surpris.d at the' dramatic irflproveniveit of Ihe 

Biological control is nlow beilg extendced to the cassava green 
spider mite species complex. Release of' predators against the 
miealybug in IITA ex)teriinital fields cleare'(I lie tlts of'this 
insect ili 1982 but101f them at tlie inercv of tlie unite, which is 
usually snppressed by conl'tition; Crorn the mealylug. Several 

spe)cies of" predatory niiites, alrcad V identifiehd by the 
C(onimoiweahth Iistittite ot'Biological C:ntrol (CIBC and tih 
Internatioial Ceit ter for 'rol)ical Agrichllure (CIAT), will be 

used in experimental trials by 1ITA il Nigeria (hiring 1983. 
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A new Hemerobiidae 
species, a naturalenemy 
of the cassava mealybug, 
has been added to the five 
species previously at 
JITA for biological 
control of the pest. 

FIGURE 2. (Right) 
Predators and para. 
sitoids obtainedfrom 
South America are sent 
to quarantin.? in U.K. and 
then to IITA for study 
and testing before release 
in cas-ava fields. 

l.Xploations for new natural enemiess Ir6 )oth pests are 

coil tinuing with financial support From Gcerman Agency fbr 

Tectnical C:ooptration (TZ). :\ddce to five species previously 

at I ITA are three more obtained in 1982: Dionus sp. ( oc

cilellidac'), wl)herobiu.s no1/a (Hemci Jibli),i , and a new 

lcyl-tidac wasp of yet ll'ttlcscribcd ,';p)cics. Two additional 

Species of natural enemies arC still ill quarantine at the CIBC 

laboratory ill ILndo. All these Sl)ecies so Car have coime firom 

Paraguay and Bolivia, bilt cxploration Will start in Brazil in 1983 
wherc scientist.i expect many new Sl)ccis of" parasitoids and 

predator; to be lobutd (Figure 2). 

A Regional Development Project for biological control of 

flealvbulgs and green spider mites in Africa will be started by 
IITA in 1983. Its goals are to control the two cassava pests and 

trai i Specialists fbr regional biocon trol laboratories to he 
establisled in Africa. Th(, projcct will have its mass production 
center at I ITA and beneficial insects will be made available to 
any countr: :requesting them. In most cases, tly will be released 
on the ground, but some trial rcleascs will be made from the air 

with specially equipped aircraft. If' the program progresses as 

expected, more than halfofthe infisted areas could be colonized 
with the beneficial insects within five years. 
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Potentia! of iPybridization and Other 
Methods for Seed Yam Production 

T hroughout most va 11 producing areas, the availal)ility of 
planting material has become a major limiting factor and 

the cost of, this See(l vai is rapidly I)c-oimilig prohibitive, 
especialiy whlenlpro)agatecd )y the traditional .syst'm. To over
come this coitllriiint, iesearch at IITA has l)een focusing on the 
development ofa n(w van) Ih;i will give a high yield of'unilnil-m 
and large turis firoim true seed. 

Progress in the (Ieveloi)nle i ofrsuch ,anis is )eing nade afier 
overco(minhg Soic of* the)rob1lems that efe atecd all liitial eflrt 
several 'ea1'.i ago(. It was IilCstc('essftl largely becateis of'he lack 
of' knovedge ab out fl)wering "ehavior.and s'ed ] Most of' the 
yalll)lallts would not flowe'r, and the se'd set aiong those that 
did flower was usually low. At first, it was thought that the seeds 
wer'e not viable, )ut lat('r work r'evealed that t hey have a 
do'manc' period of'tiru'e to fouir nlontlis afte' which viable seeds 
will readily gei'minate. 

Seed yam produced from 
true seed (center of 
photo). 
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Left to right, evidence of 
the progress in breeding 
ituprovedjarnilies by 
hybridization o theAlthough 
u'hiteyappi IDomwea wf iiiidaa. 

501W'c finlitdiloIIs still I1(UI to1 Ibc o\('1(Oi. IHTA 
sct'jtists havla\( cc((((cd ill hi'((ilimiI)o\(( I'liiics anl(1111( 

by hvlnidizatioii oF itl hovitv ill IDiololr 10111ndata. Tlin 

II~II~uII1 oh ()plthi(and god l uiiu aility l1v iiiajoi I)Ia((iblug 

(heirlst batch 0, 51(115 fi0111 thc w~il. p~ill 1). (11(11(1'Atr
 

\.It's agi mwkf Is
obhtalill((h onlyV lw() an .1 I is (-w(it ilililing \wit hi 

w((5htit 

sch((t((h I). 11JIuf(/uaa lhid hnc iog111(c at I A wcrc (ircct 

cc( o ti'alslfalit((l ii ulljcIr-pal((f s(((l)((1. ITllcy (o(it
sistenil l icci(( M((f yau Sim tilbc)rs raligilig ill wcight fron., 
100( to I.200f gmundmyickhd ill) to 2'1 tinics nmlT than thuc 

tldhitionals\stwifl Taluil I uisthuiifint(Iti)l5A, 

Trtl eed 'it a lIlali wuight of(&0.1 gi iiuh fimll 5(\(Iiah 

wrTplalliru at 1.5 ciii apart i 30u cm I-v Such htIigh popuu

)latioua dI'M, '.sig cl r.\h~lIchiladc((hIla hl . 

beIIcac n twc 



TABLE 1. 
Tuber yield andpercent 
of total tubers offive 
promising yarnfamilies 
grown from true seeds in 
well prepared seedbeds. 

Oil a per unit ara basis, the system exhibited exceptionally 
high productivity, surpassing the conventional system. Tuber 

size, tnifirmitv, and suitability fior rapid, eflicieit hand 
harvestfiig li' b cen rated as "excellent." However, the 
potential adaptation of' this system to the itari level or fbr 
cor,..rcial purposcs has no yet bc)n completely established. 
Although the yields of these s(eed yam tubers in the field have 
been promising, olbtainin I Liformity of tu hers within families 
needs Further work. 

The, wNm I)ree,(ling program is also fbcusing Oil rapidly
increasing the mu ltiplication ratio through two tcchiiques: the 

ininisette involving the planting of' pre-germinated pieces rang
ing in weight From 45 to 90 gn directly into the field fbr seed yam 
production and the microsette using 3 5 gi pieces treated with 
phytoliornimens and pre-germinatd l) ,fbre planting. Selections 
are propagatel by these systems fbr cxtensive testing and rapid 
evaluation. 

During 1980-82, thw minisctte technique has been used to 
acquire stiflicient ph ting setts to evaluate breeding lines and 
test theii ability to eflf'ctively produLice seed yams. ThC test 
showed considerable variation among the lines in percent and 
time of germination. 'I'lw respons(, of' the two yam species to 
miicrosette propagation and phytohiormones isshown in Figure 3. 
NAA enhanced rooting of"3 -5 gi pi'cs in D. rotundala while BA 
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Results of microsette 
propagationfor seed yam
production. 

FIGURE 3. (Right) 
Rooting response 
of 1). alata and i.,,tundabla 
microsette pieces 
(3-5 gn) to different 
concentrations of 
Naphthaleneacetic acid 
(NAA) and 6-benzylamino 
purine (OA). 
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reduced it. Although D. alatarooted well vithouit l)hytoh)rnlle 

treatment, there was a tendenc y to io)dce two tubers peIr )lant 
compalarcd with the' Control. 

Othcr improved ways to ilcrease tit( eliciency of seed vain 

)rocluction werc tested aid(com)arcd with the tralitional system 
it! .,hich farmers plant I00 150 gin piccc.s at 50 cm spacing ill 
row's I il a)art, stake te vins, and hand wecd several times 
l)elbre harvest. '[he stakes are costly anl aret usually eatenl by 

iermites. In thes( tests, Abi was rated its the best cuItivar and 
should be suitable lir secd production without staking. It is a 
vigorms starter, estahlisls carlv, shows rcsistance to virus and 
other field discases, and is consistentlv productivc. Molrcover, thet 
tubers are smooth aid store well. 

Pre-cmerge'nce Irbicide gave good weed control as did the4 
plastic mulch, which controlhed wceds throughout the growth 
cycle of tit yams with noi acvcrse efcects. A mio(ifiv(d staking 

1ii 
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system with termite-proof plastic pipes and plastic mc:.;h allov. d 
the plants to make a canopy which subsequently suppressed 
weeds. These required less labor than the traditional methods 
and resulted in substantial savings. 

Promising selections are now being evaluated fir yields by first 

producing clean, healthy seed yams. I ITA will continue to use 
this system and inibrm researchers in national programs of its 
progress. 

Plastic mulch controlled 
weeds throughout the 
growing cycle of the 
yams with no adverse 
effects. 
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High Yielding Sweet Potato Lines with 
Disease and Pest Resistance 

Stagnation of sweet potato yields and a decline in production 
i u many tropical countries can be attributed to the use of' 

unimproved local varieties with low genetic potential, high 
disease infection, insect damage, nematode problems, and 
inappropriate agroteclinical practices. Unimproved varieties 
produce an average yield of' only 6- 14 tons/ha in 180-240 days, 
but much larger yields are possible in less time as a result of 
genetic improvement along with agrotechnology easily adopted 
by farmers. 

With new sweet potato lines, I'A plant breeders have 
obtained from 21 to 41 tons/ha in 140 days without fertilizers 
(Table 2). Many of these are also resi!:tant to the sweet potato 
virus disease complex (SPVDC). Moreover, weevil resistant 
clones have been identified and their resistance is being 
incorporated ir.ito new breeding populations. Two of the best 

TABLE 2. 
Freshyield, efficiency of 
dry matter a u-nu. Axv. tub 1981 Vi rusSeet polat tUlht'r 'hl 82 r WvIe\il 
lation, and virus and line F't'sh liry mattvr 
weevil scores of i/ha a ti ti llt s(cr* scorte* 
improved sweet potato kg/ha/dayJ 
lines 140 dayi after 
planting. 

TIS 9232 26.4 56.0 .62 .37 
TIS 8-101 30.9 68.3 .25 .25 

TIS -524 30.8 62.1 .7 .37 

TIS 8441 25.6 55.4 1.6 .25 
TlIS 70399 26.8 62.4 0 .25 

TIS B50-1 28.1 5-1.3 .12 .62 

TIS 70357 21.6 54.5 .62 .25 
'h I (Clh k 17.9 38.3 .37 1.12 

*Severit ratjig 0 5: No syvm)toif-m very sv'ere symptWoms. 
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Screening Germplasm of Root and Tuber 
YCrops for Nematode Resistance 

c 55 li 

((potatoljoa batalas) out of I14 screened ill greenhouse 

tests pro\ed to be highly resistalt to toot-knot nematodes 

Aft loidog),11 in0gni/a, race 2 and A31. jaanica. Further con

firtmatiOi of' tl plant resistance of the 55 lines will be tested 

unler Simulated fied conditions. 

rom IITA's extensive g t'mldm(lasnO lion, s ofsw tt 

A farmer in Mozumbique 
holds a cassava plant he two nematodes. coninionly found in sweet potato growing 
that did not develop 
because of heavy root- areas in the tropics and stiliropics, readily attack plant fi'ecer 
knot nematode roots and li'equcltilly disfigure storage t'roots. They also open 
infestation on thefine inlfi'ctioti courts fbr invasion by secondary rot organist os. 

feeder roots. Her entire 
cassava field was heavily After an eight-week exposure to root-knot nematocde attack in 
damaged. the greenhtlots' tests, the roots werc remod'c from the pots and 

subjectively rated fbr th' degree of root gall development. The 

nematode Il'odlctiV'c rat' was estimated b\) an egg coulnt from 

tile roots of each plant. In Some of the highly resistant linies, the 

egg count per planlt was zero for both itypes of' aenlatodcs, but the 

highest susceptilde line' 'IS 3(i had a A oidogv'm' ifwognita egg 

cottt pet' plant of' 1,97800() and 4(i,000 fbi' Al.jarania. 

iii .gittu(Ie/iumJIn contrast, all 21 lines of'coco\ (m .anItioumia in 

the gernilplasm collectiotn showed high resistawce to both root

knot nematodes in shadehouse pot tests. C.ocovall grownI in 

niicrojilot trials also proved to be highly resistant, which makes 

the crop an 'li'ctiv'c choice li'r nenatode control in a rotation 
programi. 

Production losses i'(om r'oot-ktl( t Ii('nato(d('s in cassava t: in be 

very high, and they areIbecoming a greater prolh'nl as both 

small fCrners and large-scale 'poject make more intense ase of 

the land. A recet study by the Internatiotal Meloidogyne 

Project estiniat .d that about (i"r teli' world's annual cassava 

production - !c'presenting 6 million tolns ofcarbohvdrate - is lost 

aniually to nematode attack. 
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Scientists screened several fmilies ofcassava under agronomic 
tests at IITA to determine genetic resistance or susceptibility to 
these nematodes. Cassava seedlings were also evaluated in 
greenhouse trials (Figure 4). Heavy infestations on sone lines 
reduced plant height as much as 52",, and the heaviest ncrnmatle 
attack caused a storage root loss o1"87",,. Field-grown plants also 
suffkred redu tions in plant height, stalk weight, and storage root 
weight in soils with high nefatodle )opulations. As shown ill 
Figure 4, the slight reduction in mean plant height coupled witli 
the severe reduction in stalk weight would provide ai inferior 
and less robust planting stake fir the ibllowing crop. The graph 
shows that a storage root yield r('duction of about 17- 50('/, can 
occur without a noticeable declinc in plant height. As the root 

FIGURE 4. galls are on the fine lecder roots anid gecnerally remain unnoticed 
Effect of root-knot in the soil, a yield smaller than expected may be attributed to 
nematode parasitism on 
stalk height,feeder root other causes or the probhlem may pass unnoticed. 
weight, and storage root 
weight ofseedling 
cassava (left); gr.-)th 
reduction offield-grown 
cassava underparasitic 
attack by root-knot 
nematodes (right). 

Plant height (mm) Weight (kg) 
I t k 200
800 

8 OStalkh
o150600t 

300 

400 - W.100 - 100 

200O 

1/2 1 2 4 8 16 32 0 100 450 1,000 2,000 5,000 

Inoculum eggs/plant Inooo's Population density 
Root-knot nwmatode on causavo 
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Efficient Use of Resources through 
Mixed Cropping Systems 

S	nfl-sca,', mixed crop farms of. than one hectare make lip 
he majority of fIarms in the humid and subhumid regions of' 

Vest Africa, Farmers in these areas sometimes use cowpeas as the 
minor crop in their cassava, naize, sorghum, and yam based 
mixed cropping systems. Maize is often a minor crop in a cassava 
or yam based systcm. 

TABLE3. In mixed 'lopping experiments (Inring 1982, (he new I lTA-
Performance ofearly- (veloped 60-day cowpea variety (IT 82E-0) not only equaled 
maturing cowpea variety te yield ofthe late-maturing or full season VITA-5 in diflirent 
(IT 82E-60) with late
maturing VITA 5 in croppingj)t (ems iaize but required no thinningand 

mixed cropping with harvests to recover over 90"(, ofthe total grain yield (Table 3 and 
maize. 

Pli1iig N a iti Cflwpr'ia RYT* Naiz(I C, RYT* 
it r1iI Filt s n) i; Second s('ilsll 

kgiht 	 kg/lha) 

'IZ,1 	 TZESR 
S4a1h Ul421 .0) 2-t30 1.0( 
A\h4'f 601A),,)r, 1.46 2270 1.62 
Iiiib rii Y I.) 228H 1.80)w, 1.15 
S1ii114iio ' 55m) I..t9 IW9( 1.57 

'i'7l1; TZEISR 
Sr 1i1,iii1e 6.120 I.4) 2130 1.0 
AIiirii;ie' 6121 1.35 2370 1.52 
I)i i h l4l 1.43 1930 1.59III 51(110 
Skin' rows 5610 I.42 18 l 1.47 
Siklc w'i: 11,( 1X) 

I.St) 	 5,,'; I 223 1130 2W0 

I Onen,()n( lul lanr/mi cliiwai brin-rnnulu nai.:ou,,,oliet ia, uni.in dlu'hcl, Iicnlll',,ii.eb 

CoIprar pulanilrdin do n wt a.i'z.haturt t '. :r 

Ir/ I d Wi Id iii 
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Two different varieties of 
cowpeas interplanted 
with maize on the same 
day. The early-maturing 
60-day cowpeas (top 
photo) have already 
produced mature pods 
while the later-maturing 
VITA 5 (lower photo) has 
only a few. 

FIGURE 5. 
Comparison of the 
number of harvests and 
cowpea grain recovery 
during the first season 
from late-maturing VITA 
5and early-maturing IT 

?E-60 under different 
planting patterns as 
described in Table 3. 

Figure 5). Traditional varieties ofcowpeas commonly grown on 
farmers' fields in West Africa have a spreading or climbing 
growth habit and mature in 100- 120 days. VITA-5 has similar 
characteristics but produces higher yields than most traditional 
variet ies and matures ili 90 100 d ays. 

Although the interciopped (owpea yield was lower than when 
grown in a pure stand, there was no significant reduction in the 
maize yield. The advantage is the opportunity fir an additional 
crop. 

Cowpeas intercropped with an erect-type cassava (TMS X) 
during the first season gave up to 90(%) of the yield of sole crop 

FIRST SEASON 
Cowpea yield (kg/ho) 

1200

10ooo 

Sole
 

800 

600

400-
Double / * 

200 
VITA 5T82E60 

0 *'-11 I I_ 
4 3 2 13 2 1 

(Days) 94 - 69 70 - - - 56 
No. of harvests 
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FIGURE 6. 
Percent global radiation 
incident on cowpeas 
planted sole and in 
mixture with strap leaf 
(TMS X) and normal leaf 
(TMS 30001) cassava. 
Harvests offirst season 
and second cowpeas are 
marked by arrows. 

Percent global radiation incident on cowpew 

100 0i..MO 

Sob cowpon 

80
 

60 6
 

0% % 

40

m.,.20- .m Cowpeas/TMS X 

, -,- Co w m/ TMS 30001
 

0 . I I I I f ; I
H1 I 


9 II 13 15 17 19 21 23 25 V 29 31 33
 

Time folloyoing planting of caavo (WAP)
 

cowpeas and about twice that from a combinatiorl of cowpeas 
and it more bushy-type cassava (VMS 30001). This was due 
mainly to more pronounced shading by tit( latter, which has more 
and larger leaves than TMS X. During the second season, when 
the cassava had developed a much denser and closed canopy, 
cowpeas iutercropied with TMS 300(11 were completely out
shaded and showed very ft-eble growth and low yields (Figure 6). 

Cultural control of cowpea pests through mixed cropping with 
cassava was also studied during 1982. The results did not show 
significant diflerences in pod borer populations between 
monocrop and intercropped cowpeas. However, populations of 
thrips and pld sucking bugs were reduced substantially by 
intercropping cowpeas (Table 4). In the first season, thrips and 
pod hugs were reduced by about 5010 in the mixed crop. In the 

second seasoin, there', was an (eveit more dramatic reduction 

(90(1,) in theI)Ol)ulation of thrips mainly because of the feeble 
crop. Reducing pest populations in such proportions certainly 
has important practical implications fbr farmers. 
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Interplanting cowpeas with cassava has major advantages in 
keeping pest populations low, and the system can be manipu
lated to maximize grain yield by planting earlier, using early
maturing varieties, and/or increasing spacing, which would 
singly or in combination minimize the elects of'shading by the 
cassava. 

Intercropping maize with cassava caused i-ho reduction in the 
maize grain yield, primarily Iecause thexe was little or no 
competition for light between the two crops at low maize 
population (30,000 plants/ha). However, increasing the maize 
population firom 30,000 to 60,000 plants/ha resulted in significant 
reductions in cassava root yields (Table 5). 

Greater light interception by cassava intercropped with maize 
is associated with higher cassava yilds. Not only is the size ol'the 
maize population a fict(r but also the architecture ofthe plants 
whether with relatively erect or spreading leaves (Table 5). 
Large difl'rences in cassava root yields are related to small 
diffierences in light transmission. For example, a 5-]0,, ,higher 
light transmission to cassava associated with the erect and narrow 
leaf'Kewesoke maize variety compared with the spreading TZPB 
variety resulted in a mean increase of'31 (, in the root yield of the 

TABLE4. TMS 30572 cassava variety. It is therefore important to consider 
Insect counts on cowpea
variety TVxinterplanted 3236

with two 
plant structure when breeding maize for mixed cropping, 
especially in southern West Africa where crop production is 

varieties of cassava - evidently limited by the amount of light received. 
TMS 30001 and TMS X. 
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Greater light interception 
by cassavaintercropped 
with maize is associated 
with higher cassava 
yields. Not only is the 
siz-Y of the maize 
populationafactorbut 
also the architectureof 
the maize plants. 

TABLE 5. 
Effects ofcassava and 
maize architectureson 
root andgrainyields. 
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An economic analysis 
shows that it is possible 
for a farmer with 10 
hectares to recover in 
two years the initial 
investment in an IITA
redesigned Farmobile. 

Field Effectiveness of a Redesigned 
Farmobile for No-Till Farming 

D uring 1982, IITA's agricultural engineers redesigned an 
earlier model of the Farmobile to make it more efficient for 

small-scale no-till farming in the tropics. Low-cost, light-weight, 
and energy-conserving, it is an attempt to fill the gap between 
hand tools and tle costly high-powered fbur-wheel tractor. The 
Farmobile can be useful to small farmers who want to expand 
their holdings from less than five hectares up to 10 or 20 and can 
obtain herbicides to coitrol weeds. 

Based on 1982 costs and market prices in Ilbadan, Nigeria, an 
economic analysis showed that it is possible for a farmer with 10 
hectares of first season maize fbllowed by second season cowpeas 
to recover his investment of N6,800 in the Farmobile in two 
years. (Nigerian Naira N = S1.50 U.S.) 

Farm equipment suited lbr tropi.al no-till operations should 
be light and maneuverable with planters which can penetrate 

. 
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A good plant establish
ment ofsecond season 
cowpeas. (No-tillage and 
a Farmobile coupled with 
afour-row rotary 
injection planter.) 

through mulch to obtain good plant establishment. The 
Farmobile, coupled to a four-row rotary injection planter, meets 
these specifications. In addition, its ability to plant, firtilize, and 
spray all at the same time reduces the number of passes on the 
field, and, because of the lightness of the equipment, soil 
compaction is minimized. 

The first modll was built a fiw years ago itsa power unit to pull 
the new rotary injection planters. h'llatest 1982 design includes 

steering clutches and a disc clutch on the power train of the small 
tractor, larger wheels to reduce rolling resistance, at w spraying 
system, and a firtilizer applicator powered from a tire on the 
trailer. 

In 1982 tests on recently cleared land at I ITA, the Farmobile 
handled 10 hectares fir first season maize fbllowed by second 
season cowpeas. Its eficctive field capacity was a total of 7 
hours/ha --5 hours/ha to plant, fertilize, and spray a pre
emergent herbicide in itsimultaneous operation and 2 hours/ha 
fir a desiccant spray. Comparable figures fbr 1981 befbre the 

design changvs were 10.A hours/ha. 

Operational costs, including fuel, repairs, maintenance, and 
operator wages, arnounted to N97.98/ha; variable -sts of'farm 
inptits such itsseeds, herbicides, fiti!izers, insecticides, and labor 

totalled N657.35/ha. Gross value of the two crops was N 1,599/ha 
and thc ,.et income N634/ha. (l)etaileCd figures will be supplied 
on reqj uest.) 
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Plowing or ridging 
resulted in better 
groundnutyields in 
Ghana than no-tillage. 

TABLE 6. 
Effect of tillage methods 
and single super
phosphate application on 
groundnut kernelyields 
(kg/ha) in central Ghana 
(1982). 

Effect of Tillage Methods on Groundnut 
Yields in Ghana 

B ased on results of soil and crop management trials inCentral 
Ghana, an appropriate tillage to loosen the soil isnecessary 

for good groundnut seed enlerg.nce, root penetration and 
growth, and \valt-rse efficiency. Th'e(no-tillage mitthodl with all 
accompanying crusting and hardening of' the soil surflce 
significantly reduct~d gr-oundnlut yields Compared wvith plowing 
and ridging. 

PcrHbrnance of the groundnut crop (v'ar. lt'nkoma) was tested 
at Atehjuul) Lhere the soil is a fine texturdl, highly compacted 

Alfisol typical of the savanna zorie of'ceitral Ghana. !)uring the 
first and second seasons of 1982, seedlbeds were prepared y))the 
three tillage methods and phosphorus applied as single 
supcrphosphate at difierct levels per hectare. Plowing and 
ridging gave sigiiificantly higel r yields of grou d nut kernels than 
no-tillage with and without application of' phosphate fertilizer 
(Table 6). 

P ra' 'kg PO/( )Ii 

Tillage 
r,'illld 0 36 72 NIan 

No-tilliage 8,17 
First sasmll 

1195 1(051 1031 

Sc(otid s(',('aII 
Nfillage 371 469 501 449 

.irt traon: (1'(",,) 13; 151D (5",,) It). 
Second eaon: (1,,) I: SD (5",,) /i). 
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Maize p, ted in the 
traditionalrandom 
method (Ieft) compared 
with an improved row 
method (right)in Eastern 
Cameroon.
 

Testing Maize Producfion Technologies 
in Eastern Cameroon 

T rials were conducted on three farms in humid Eastern 
Cameroon during 1982 to compare maize production under 

traditional and recommended practices. They were carried out 
in collaboration with the Farmer Cooperative ("Fokpayono") at 
Garoua Boulai, Agricultural Technic School at Abong NI bang, 
and Institute of Agronomic Research (IRA-Est) at Blertoua, 
where an I TA scientist is located. 

In proved maize varieties filed to significantly increase grain 
yield when thc crop was planted fbllowing the traditional 

method and with no fertilizer. But when maize was planted 
following recommended practices, grain yield of improved 
varieties was about double that of the local variety (Table 7). 

To maintain soil fertility for longer periods of maize 
production, trials were conducted at Bertoua during 1981-82 to 
study the ellect of groundnut/maize and cowpea/maize rotations 
oti maize response to nitrogen. Results showed a substantial 
contribution ofnitrogen firom groundnuts and cowpeas to higher 
maize yields. Furthermore, under the crop rotation systems, the 
yiell rfsponse (fmaize to nitrogen fertilizer application at 30 
kg/ha was approximately the same as at 60 kg/ha (Figure 7). 
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TABLE 7. 
Grainyieldoffour maize a zaii 
varietiesplantedon yield kg/hai 
farms at three locations AIoing (aroua 
in EasternCameroon in Varivy Nbang Bla)I~i Berioua 
1982 under traditional 

lraditional pr(iicr,and recommended 
methods. I311a 15; 1961152 

ENC* 569 1,46 1139 

Local 226 1 2192 178 
2650 5171 2671 

TZB* 3125 .55,1 2855 
IZSR-W* 2-163 5312 3075 

L.SI) (5,, 930 1794 804 

* inpwi-td 
'Traditioal meihd ri,dlin 4 and nlerili.:oenwerdirg.
 
SRou plan itrg riih/ettdirt ah)Iuatinat toakl g. + 40 Ag11,0, + 40kg it
o// A A0/ha and 

one ittrdin/, at fiour wee /ler riding. 

Maize groin yield (t/ha) 
5 

- 0 kg/N/ho 
M 30 kg/N/ha

m60 kg/N/hae 
4 

LSD(5%) 

3

2-

FIGURE 7. 
Grainyield ofmaize 
variety TZSR. Wplanted
 
under different cropping
 
systems and levels of
 
nitrogenfertilizerat 0 
Bertoua,Eastern 0 Mae p td Maize planed Maie pkmted 
Cameroon. after faize aftrg xn aftercwpea 
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Weed growth is 
practically nil in this 
maize with mulching 
from ..kita batlett.coto 

Use of A.barteriias a Beneficial Mulch 
in "'Alley Cropping" 

A s part ((li3(continuing research otn "alhvy cropplng," I ITA 
S.scientists hlv found that i., ;; ,,-]egIlInIt., I'st-growing trle 

specie s ,cioa) barl ii may h''e l),ellits that (tweigh its 
inab~ility to fix nlitrogel;. 

Trials (luring 198i 1 aind 1982 showed the cuttings firom this 
species to have an 'xceTptional a)ilitv to control wecds in both 
Illilize ail (.)Vpe)Ias planted il all "alhcy cropping" systemi. \Vecd 
control ])l)le'iS I' oten l lil as (oI(o 1 t o's holing

rbvlsaeoe IaleitOnof cII(oshldg
back tlit cxpaUisionl of Iood )roduction by"sniallhlders ill ithe 

hum11id and(sllltlid tropqics, where-bandt wucling mlayac iit(')ll 

lr 30",, or :norc ohtli titrn hl)or input. This (ould I)C' re(duce'd 

st, stauitialv with hrbici'ides, but ost smallholders cannot 
aflbrd tlicn. 

Not only (loes the mulch supl)ress swcds, but it also pro'ides 
ground cover during the (arlk part of' the growing season, 
conserves soil moisture, l)revents e.tosion, and htelps main taini 

adceqlat('organic matu" in th(e soil. 

In the trials. f" Ilows of A.. harh'rii and a nlitrogen-fixing 
(hegtumiiolis) Sweci's G. Aiuu were"comiare'd witi a naturally 

regtneratcad tiillow, mostly grass . ILand that had becln utiner the 
varioutl'stpes of' tIllows ftr iour years was recovered by cutting 
back (. .'piun ai(l .1. Iarti'riiand adding the eae\'(s and twigs as 
mulch. Tllc natural regenc'ratiin was mowed and the regrowtli 
killed with herbicide p .laralat 

In tlie first season, ;i maize crop \.s planted ill a split plot trial 
ill which Cilows were th li mai tr;It mlIts, the SU1-triatrnents 

fi'rtilizer and 1o f.rtilize'r. Iln the seot'l)n se(asol, 'owpeas were the 
test crop with the sante e'Xeim'intal design and without fhrthilr 
fiurtilizm applicatioin. \eeds were controlled by hl'oiig. 

Maize and cowpea yields as afle'cicd by pre'clihig fitllow 
showed no outstanding difloerences, but a striking diflt-rene was 
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FIGURE 8.(Right) 
Changes in the amount 
of Arioa barterileaf residue 
over time. 

Four-year-old 
,fnioai
bareriifallow. 

observed in the weeding requirement. After natural regrowth 
and G. sepium fallows, weed establishment was fairly rapid and 
both maize and cowpeas needed two weedings. In contrast, 
following A. barterii, weeding was not necessary throughout the 
two-year cropping period, and the mulch protected the soil from 
rain impact and erosion. The excellent weed suppression was due 
to the heavy initial mulch and its slow rate of decomposition 
(Figure 8). On the other hand, mulch from G.xsepitm decomposed 
rapidly and did not suppress weeds. In "alley cropping," A. 
barterii also had the advantage of' not requiring additional 
pruning during the growing period of maize or cowpcas. 

idus t/ho) 
270
 

2t4
 

4.6 

0.0 
0.0 	 168 35.6 MQ4 67.2 84JO 

-waasoftr Prung 

33 



,'h..,s,,,il, lkvopi"ttl"Source and Dynamics of Iron Toxicity in 

.. ,, , Inland Valley Swamps 
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lpoxrly drained showing a greyish color with \-cry flew iottles ill 

th subsoill horizons. Hydromorl)hic soils in tihe non-toxic area 
(Figurc 9 have good structtnrc in the surface lay r and many 
nmottles which extcncl to iort than 100 cm hp1eth in the subsoil. 

0 20 40r 

:-'- - . .. . . !- -- " - ADr 

1 Sewire Fe-toxic area mfldB+ 

n Leou severe and Ni-ote 
FIGURE 9. m non-toxic areaR,iver level P4 P3 P2 I zone)(Oxidative)R-iny,.ao 

showing a severe iron 
(Fe) toxicif rice field A6-_ . 

(et 
S " 

(orange area) and less (M-Iottled zone)i f Water table..,_ Dr Season,Dr$eason 
severe and non.toxic rice -l-feelde(orange rea)anles) n(Non-mottled 

---.. "00(grona)Fe-oxizone) 
---
area 

c.... 

inland valley near Bende, (reductive) 
Ino State, Nigeria. 
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This implies that the groundwater table in the non-toxic area 
drops to below 100 cm depth, allowing the oxidation process to 
take place during part of the year. 

A series of )iezometers was installed along a transect from the 
fbothill to the main stream covering both the Fe-toxic and non
toxic areas of the valley !iFigur 9). T gro (lwater table at 
each piezmeter site was recorded weekly and soil solution 
samples were withdrawn from the piezometers on,(i a week lor 
analysis ofsoluble Fe (mainly firrous). 

Results of monitoring the groundwater table at various piezo
meter sites between August and December showed that soils in 
the iron-toxic area (piezometers 2 and 5) remaiiedl saturated 
or flooded throughout the growing season (Figure 101, and the 

Aug. S t. Oct. NC,. Dec. 
I 1825 I 8 152029 7I3 20Z7r5 10T24 9 8 15 
I , I5* iiI *h I'iI I I I I 
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FIGURE 10. 
Seasonalfluctuation of 
ground water table and 50 
flooding at various " 

observation sites during P3
 
1982 in an inlandswamp 60
 
near Bende, Nigeria. Depth (an)
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FIGURE IL 
Seasonalfluctuation of 
dissolved iron in soil 
solution sampled at 
various piezometer sites 
during 1982 in an inland 
swamp near ilende, 
Nigeria.(Piezometers 2 
and 5 in iron-toxic rice 
fields, I and 3 in non-
toxic fielvs.) 

soil solution contained high levels of ferrous iron ranging from 
20 to 50 ppm (Figure 3). The highest soluble Fe content was 
observed in water samples taken from pie ,ometer 5 which was 
situated close to the source of seepage flow and continuous 
flooding. 

The groundwater table in the non-toxic area (piezometers 3 
and 4) fluctuated greatly during the growing season (Figure 10). 
Moreover, soluble Fe content in the soil solution taken from the 
same piezometers was much lower, raniging from 0 to 5 ppm 
(Figure 11). 

The groundwater table in the valley bottom land varied 
greatly between the rainy and the dry seasons. During most ofthe 
rainy season, the groundwater table remained near the surface. 
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These two rice varieties 
grew side by side in an 
iron (Fe) toxic field. The 
susceptible variety on the 
leJt shows severe root rot 
and leaf bronzing; the 
one on the right is 
tolerant of Fe toxicity 
because of its ability to 
mainta'nan oxidized 
rhizosphere. 

Thus, the surface soil was enriched by the Fc-rich seepage water 

causing 1)hototoXicity of Fe in the area near the outle-ts of the 

seepage flow. During the dry season starting at the end of' 

November, the groundwater table dropped gradually to a level 

equal to that of the mail stream ,piezomcters 4 and 6; l"igures 9 

' 

arid 10). Seepage' flow f'oml the side valh'ev also cli iinishewl durin~g 

tiw dry season and the slight drl) of'the groundwater tabl, iil the 

Fe-toxic area allowed the oxidatioi p'r"'"ess to take place iii the 

suiice layer during part of the dry s.a,,o. 

Reclamation of' the Fe-toxic area co(uld be achieved by 

c'nstructing a small drainage canal to lead the Fe-rich seepage. 

water into t"he main stream. The extent ol't he Fe toxicity iproblem 

of, inlet alhvs anud swamps epends large lV LJ)mii the 'oh me of 

seepage flow, siourc aiid concentration of firrous Fe inl the 
s'(')ag' wat er, the gr'outndwat'r t able, and drai nage conclition of* 
the bottom lanc. 



Labor Costs and Production Practices 
on Rice Farms inCentral Nigeria 

In a study of rice farmers in Nigeria's Plateau State, agricultural 
economists found that labor efficiency was a critical issue for 

the fiarmers, and exceptionally high manual labor il ut and 
labor costs were a maijor limitation to greater use of 
recommended technology and the extension of'production areas. 

The survey, coniucted by the University of Nigeria (Nsukka) 
and financed by the Federal Department of Agricultural 
Coolperatives, included 90 farmers who produced either irrigated 
or swaaip rice as a major Crop but also grew other crops such as 
maize, sorghum, yam, and millet; 43 had participated in the 
National Accelerated Food Production Program (NAFITP) and 
47 had not. They were interviewed weekly over a six-month 
period during the last half of 1980, and more than 6,000 labor 
records were available for evaluation and comparison during 
1981/82 by IITA in cooperation with the University of Nigeria. 

Halfof the farmers sold 75(,,, or more of their rice production; 
millet ranked second as a cash crop followed by maize and yam. 

Landpreparation 
accountedfor slightly 
more than 13% of the 
labor inputfor all crops. 
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TABLE 8. 
Family and hired labor 
inputfor different crops 
during the rice growing 
period. 

With rice as the major cash crop, nearly three-fourths of the total 
farm labor was invested in it during the rice growing period; 80% 
of hired and 64% of family labor worked on rice production 
(Table 8). About 70% of the male labor and half of the female 
labor came from hired ;ources. Except fcr yam, family labor was 
more important that, hired labor for all other crops. 

Average daily wages paid hired workers differed for men and 
women with the former receiving N3.70 (S5.55 U.S.) and the 
latter N 2.50 (S3.75 U.S.). These differences were due mainly to 
socio-economic factors and only partly to labor efficiency in 
certain farm activities. Hired children received N-1.90 per day 
and bird scaring was ,)ne of their principal duties. 

Weeding was by far the most labor-consuming activity in all 
production areas of the survey, requiring 40',/,, of the total hours 
of ranual labor. Harvesting, land preparation, and planting and 
seeding followed in that order (Figure 12). 

The production "package" under NAFPP supervision 
included land preparation with a tractor, improved seed, 
fertilizer, and chemicals for insect auid weed control. Total rice 
yields per hectare on the NAFPP plots were higher in both 
in ig ted and swamp areas than on plots outside the program, but 
the use of manual labor was still high in spite of the labor-saving 
technologies. Because of the large amount of labor used on 
swamp rice (191 days/ha), the yield per day of labor on the 

Family lalmir 

Crop (lays/llal 0";,)
 

Rice 70 64 
Yam 5 5
 
Cassava I I
 
Millet 9 8
 

taize 4 ,t
 
Sorghumlgijiti ,tvorri 12 II
 

2 2Grollfu1 

O1her cr i , G 5 

101) 1 (x 

.10 



FIGURE 12. 

Labor inputfor different 

activities (all crops)
 
during t. rice growing
 
period in Plateau State,
 
Nigeria. (Based on days
 
of manual labor.)
 

NAFPP plots was considerably lower than on the non-NAFPP 
plots of the program farmers (Table 9). Although the total yield 
of irrigated rice per hectare for non-NAFPP farmers was only 
about half that of'NAFPP plots, their yield per day of labor input 
was just as high. 

Slightly more than half of the farmers in the survey used 
tractor services, the others very little or none. Tractor users hired 
more manuzl labor fbr other than land clearing activities. In 
peak pcriods of labor demand, the scarcity of manual lab' led to 
higher wage rates and increased labor costs. This may be a major 
reason for limited expansion of production under various 
development schemes. 

If family labor sources were valued at the same rate as hired 
farm workers, the agricultural economists estimated that manual 
labor would amount to 85--90',/, of total rice production costs, 
with all other inputs 10-15%. 

Fertilizer 

8 H-biide 
(2%) 

li 



TABLE 9. 
Days of laborperhectare 
and riceyieldsforfarms 
in the National 
Accelerated Food 
ProductionProgram 
(NAFPP) and outsidethe 
program.(PlateauState, 
Nigerio.) 

Harvestingaccountedfor 
almost 16',, of thefarm 
laborinput. 
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Local agricultural 
officials and JITA 
administrators and 
scientists visit the Sarkin 
Gelofarm innorthern 
Nigeria to see the results 
of the farmer'splanting 
of TVx 3236. 

FIGURE 13. 
Comparisonofyield 
trials of a localcowpea 
variety and TVx 3236 in 
five locationsas reported 
by the Kano (Nigeria) 
Agricultural and Rural 
Development Authority. 
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New Cowpea Variety Moves Rapidly
i Farming in Kano State
it Systems i KaoS t 

principal objective of I 1TA plant breeders is to develop it 
A variety that has resistance to one or more damaging insects 

and at the same time produces high yields. This objective has 
been achieved with a new cowpea variety TVx 3236 which was 
described in the 1980 edition of'Research iighiifhts. In two short 

the seed of this variety has become so popular among 

farmers that the demand has far exceeded the supply. 

Partial evidence ofthis quick acceptance can bc fbund in Kano 
State in northern Nigeria -- one of the world's largest cowpea 
producing areas. One of the farmers in that state who grew TVx 
3236 during 1982 reported that agricultural off ,ials brought 
about 20 farmers to him every week, and al! ofthem asked him for 
seed of this variety. Neither he, other farmers, nor the local 
government agricultural project could begin to satisfy farmers' 
requests. However, in 1983 the Kano Agricultural and Rural 
Development Authority expects to release 50,000 kg ofthe seed to 
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TABLE 10. 
Yields of cowpea variety 
TVx 3236 based on 
samplesfromfarmers' 
fields in Kano State, 
Nigeria (1982). 

.1t
 

approximately 5,000 farmers who will grow TVx 3236 cowpeas 
on a total of 10,000 acres (4,050 hectares). 

Yield trials were conducted on several farms in Kano State by 
the Authority (Figure 13) and by the farmers themselves in 
cooperation with local agricultural officials (Table 10). All ofthe 
reported yields based on samples from each farm were above 
1,000 kg/ha compared with a national average of 212 kg/ha. 

TVx 3235 ismature and ready for harvest in 75 days, and it has 
a moderate level of' resistance to thrips. The crop grows close to 
the ground with synchronously maturing pods in a bunch over 
the plant's canopy. This reduces the required number ofpesticide 
treatments to two or threc. 

No. of~ 
inlsecticide V: , ' iw , 

Name offi, rur** Village applicatdins (k"4b)' 

D. 'l'ofa Kiyawa 3 26" 
A. Muyibir Kunya 3 
K. Baaigida Dauizubuwa 2 
Sarkin Gelo Tsanyawa 2 11415 
Dawaki'rofa Kadani 2 I389 
Ibrahim Dakaw Saye 2 I227; 
Alhaji Alulakar Bid 3 - flt 
Alhaji Garbo Kurim 3 

*Data colleted atid submitted to IITA by the Kaim State Agricuhtuntal ald 
Rural Decvehoprnt Autmority. 

*Samphi area 3m, average of 12 satn phs per 0.5 ha plot except br Gclo's 'airms, 
and DakaN, s lIrms, where 0.5 ha was sampled. 



In mid-1982, Brazil 
released IITA's cowpea 
variety VITA-3as 
EMAPA 822. Brazilian 
scientists are shown here 
inspecting a seed 
multiplication field of 
this variety. 

Performance of New Cowpea Lines in 
Brazil 

A new COWpea line im muinie to cowpea s(Vere mosaic virus was 

tested in Brazil during 1982 undc'r the atIsj)ices of the 
Lmpresa Brasileira de Pesquisa Agrop.cuaria TNIBRAPA, and 
its National Cvnter fior Rice and Beans CNAI'AF, This line 
CXC 0434 was cr'ated by CNPAF f'rom I ITA gentic material. 

Cowpea seve're' 1W sa ic viris CSCNI\" (ali CaUs. (.Xt.isiye 
larnage. AIthIouaigh this virus is important ill all cowpea growing 

regions of Brazil, it is th predominant one in hIe states of Piai, 
laranhao, Pari, and (oias. (N( 0134 was the only line among 

sev€ral testcd that showed immunity to sevi raccs or biotypes of* 
the virus. Other alternate soeu rucs of*re'sistance, such as Macailo 
and TVti 312. (1o not tri~i.sler resistalnc'e to progeiiv as readil" as 
CNC 0434. 

This cowpea line, with an average yield of*969 kg/ha, was the 
highest yielder in Goiania, Goias, and Bacabal, Maranhao, 
where a heavy incidence of tlie virus w )rscit during ti test 
period. However, CNC 0,13- gave a lowcr yield in 'eresina, 
Piaui, where it was severely bIy a potyvirus transmitted(damaged 
by aphids. 
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A Brazilian agricultural 
official (secondfrom left) 
presents a silver plaque 
to 11TA scientists in 
October 1982for the 
Institute's "cooperation 
of great value in the 
development of research 
on coupeas in Brazil." 

4
 A 

On August 20, 1982, tie ITA varieties VITA-6 and VITA-3 
were released as E,1MAPA 821 and EMAPA 822 by the 

Maranhao State Elnterprise for Agricultural Research and 

EMBRAPA/CNPAF. Seed is now being multiplied by the 

Federal Foundation Seed Organization for distribution to 
fariers. 

The cowpea variety "NI anaus," describcd illthe 1981 edition 

of' Re.search li,hlight', has changed a shortage to an adequate 

supply in Amazonas State. The beginning of this success story 
goes back a fI'w years when many germplasm lihes were 

introduced into the Amazon Valley Region by the 

U EPAE/Nlanaus, with a large influx from IITA through 

CNPAl" after 1978. ''he material was tested in several locations 

isp"art of'the stae's cowpea improv'eient program. At that time, 

several tons of Cowpeas were imported annually, some from 
clistaices as far away as 2,000 ki. 

New material was (list ribt ted f' irmners' trials in 1980. 

Becatse ol'sueh heavy fiu'ler dlemand fin tite seed of'a few lines,(a 

thestate released "Nlanis" from tlie I IA line 4R-0267-01 F in 

.Jtllle of 1981 withlit h distribution of'two toils of[seed. Yields up to 
1,800 kg/ha were produetdcl on fi'rtile land along the banks of the 
rivers of'tlhe Aniazon Valley. l'raditional varieties l)rod uccdl only 

about 800 kg/ha. "1"o date, several tons of"Manaus" seed have 

been )rodluced andcldistrilutech to fiarmers. Late in 1982, the 
Governor of'the stite,wrote to EMBRAPA officials stating that a 
deficit of' small brown seccdl cowpeas nm longer existedl in tile 

markets illthe city of Manaus ;'Id that the emphasis shouldl now 

be shifted to vegetable cowpeas or m(iter long beans, white seeded 
cowpeas, and dryc)eans. 
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Because of regional 
preferences for cowpeas 
of different colors, IITA 
plant breeders have 
developed thesefour 
colors. 

Extra-Early Maturing Cowpeas with 
Preferred Seed Colors for Africa, Asia, 
and Latin America 

T he development of extra-early maturing cowpea variwties 
has created considerable interest in several parts of the 

world. particularly in low rainfall regions and in the humid 
tropics where such varieties can be grown in rice fallows. 
However, because of' regional prefirenccs for seed color and 
quality, the same varietics are not accepted everywhere.
"I'hierfbrc. continuing fliorts are being made by IITA scielntists 

to l)recd extra-early maturing vari tics wi I desired seed color 
aidl quality to stuti various regional )refiereincs. 

In \est Afiica. tfie most prcferred types are large, wlite and 
brown-seeded varicties with itrough seed coat, but countries in 
Central America and the (:arilbbea) prefir red, black, or white 

sccc'; with smooth testa. Consurners in Mexico, Guatemala, 
Nicaragua, (ita Rica. and (uba prcfecr black. A red color is 

given first prclifrenc, in Honduras. El Salvador, Vienczuela, and 

Jamaica. In East Afirica and Asia, any color othcr thai black is 
acceptable., although a tan color is prefcrred inthe fihrmer and 
whit' and cream colors illtll fattc'r. 

I [TA has now dev lol)ed several extra-early maturinug cowpea 
varieties with difli.ret sccd colors: IT 821-32 (red , IT 82E-9 
(black), IT 821'-5 (tan . and IT 82E-56 (white with a rough seed 
coat). Thic. varieties have acceptable seed qualities for diflirent 
regions;. 

The mean yield perfimance of the most promising varieties, 
compared with a standard popular variety from Nigeria (Ife 
Brown), is shown in Table I1.All the extra-early maturing 
varieties were harvested betwecn 58 to 61 days and Ifi Brown 
betweein 78 to 85 da's. 'le mean yields of the extra-early 
maturing cowpeas were as good as or better than Ife Brown. 
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The new varieties are erect-type plants and have a 

determinate growth habit with synchronous flowering and 

maturity. The pods are held ,ap above the canopy which makes 

mechanical or manual harvesting easy and economical. 

Moreover, they require only 45 50 (lays of soil moisture, 

permitting doublh croiplping and relay croppiing in several areas 

of Africa, Central Anmrica, and Asia. They also would permit it 

successful crop in extrcnely low rainfall arels Of the tropics and 

enable farmers to grow a cowpea crop in rice i'allows on residual 

moisture. 

TABLE 11. 
Mean yield (kg/ha) of the 
most promising 60-day 
cowpea varieties * 

compared with Ife Brown 
(IlTA, 1982). 

VarieIy 

ii21-62ITIT 1121:-9 
I" 

IT 812!"-5 

Il. Bron 
Ictl1C k 

(:V 
ISI 5",., 

2 -5 [ 

1st 
IITA 
*i'uiSl 

121XI3 
11110 

11t20 

2 151 

21 
4211 

IHA 
2 iidsrasoI j 

11 397H1 
171H 

1017.1 

1205 

24 
2.10 

kwa Si inart 

2109 1H092078 161.4 
1875 10t19 

1115 20}11 

1-1111 126t 

1., 22 

307 iit 

In the background are 
extra-early cowpeas and 
in theforeground a late

maturing variety. Both 
were planted at the same 
time. 
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Bruchid Resistant Cowpea Varieties
 

1 CcausC of tle sulbstatltial da nmage causC I whe l)ruichid 

Calo.obrl/huio ,nafld, Ius to cowpeas ill storage, IlIv farmerl' s 
ill Afirica. Asia, and South .\lAmrica are compelhl to dIisp s' of 

their crop soon after hdrvcst. This not only acsim)ortant 
protein ( t liisource for tlhir ft1iilius lit forces to sell at a lower 
price. °liw loss ill dryvwight due to this Cowl)ea sccd Ixy-t lc an Ibe 
as muchl0 as 30"', in a six-mIllot h storage period with 100", secd 
contamination, making the eowpeas unfit 1o cat. AiuaUil IOss 
iin Nigeria alonc ie cslinlcdt(l at more than N20 million iS30 
million U.S.,. 

A bruchidresistant 
cowpea line IT 8ID-994 After screening a world g.rnIlasm collctio, of' approxi
(top) compared with Ife inatelv 7,001) cowpea cultivars. I ITA scientists iclentified in 1975 
Brown variety (below). a singl' soturce of hruchid resistance TVu 2027 (Figure 14). 
Both were infected with 
the same number of Bill it had sonie tudesirable ch'l acteristics such as poolr plant 
bruchids. 	 tVpe. low viedl,ald susceptil i lity to 01tlwr pests and diseases. 

Since hen the scientists have (leehoped adlvaiiced Ireed ing lincs 
which coibiiie brichid resistancc with high yield potential, 
discasc resistance, go d seed quality. and dcsiralh- plaittype. 
Several etn.mevalhnated in miltilcational yield trials inwere 
1982. Yields and l'\'ls o bruclihid resista'lce o the sevel most 

FIGURE 14.
 
Steps followed in
 
breeding cowpeas for
 
bruchid resistance.
 



TVu 2027- the bruchid 
resistant cowpea parent 
(above) of the new 
improved resistant promising lines arc shown in Table 12. )ata on adult e'mergen 
variety IT 81D-1138 indicate Ihat (v(nt the re.istant lines permit som( hruchid 
(right). development, but t he'' slow dowln tlie overall btild-up of Seed 

bee'tle+s in storage adl niniri+,< tle losses. 

Sccls of, tlhse. lihues are hIing (listribtted to various iiatiollal 
programs for evaluiation. Also. the' ropical Prodm ts I iistitut ill 
Slough. ltglaild, is cooperating by e.valiatlting material for 

TABLE 12. 2bruhid poptlations from difli'ri'nlt c nt11t'ies il.\f'rica, Asia, adl 

Performanceof bruchid Latini .\merica.
 
resistant cowpea
 
breeding lines (JHTA,
 
1982). 

Yield kg/ha 

IITA lITA Bruchid Emergence % 
Seed (Ist (2nd Days aft festation 

Variety color -eason) zeason) Mokwa Samaru Mean 33 40 50 

ITSID-1157 Tan 1336 1228 2750 2129 1861 0 16 so 
ITBID-1148 Tan 1453 1399 2609 1472 1733 0 15 63 
IT81D-1032 Red 1489 1630 2031 1321 1618 0 9 38 
IT81D-994 White - 1532 2000 1388 1640 2 35 43 
IT81D1007 Red 1291 1358 1795 1169 1626 0 25 30 
IT8ID-1 138 White 1511 1I08 1555 1513 1422 3 37 59 
IT81D-985 White - 1212 1378 1261 1284 5 32 48 
IreBown Brown 918 1077 1713 1443 1288 77 86 95 
(Susceptible check) 
TVu 2027 White 20 150 - - - - 

(Resistant check) 

CV 38 21 22 20
 
LSD (5%) 516 358 463 501
 



Left to right: Striga (with 
pink to mauve flowers) 
has established itself in 
cowpea plants; at the 
early stage ofgrowth, the 
plant parasite attaches to 
its host - the cowpea 
root; SUVITA-2 showed a 
high level of resistance to 
Striga. 

Resistance to Striga in Cowpeas
 

T wo cowpea cultivars -- designated as 58-57 and SUVITA-2 
by IITA/IDRC/SAFGRAD scientists in Upper Volta 

have been found to be resistant to Striga (Straga gesneioides). This 
plant parasite, commonly known as witchweed, is widespread 
and locally important throughout the Sudan Savanna zone of 
We,: Africa. It attaches itself to the cowpea root, often reduces 
yields substantially, and can completely kill the host plant if it is 
highly susceptible. 

The scientists screened 50 cowpea cultivars in the field and in 
the screenhouse, and out of this number two cultivars showed the 
highest level of resistance to Striga and were especially adaptable 
to dry conditions. SUVITA-2 yields averaged 1,300 kg/ha in 
fie!d trials in 12 locations. Seed quality was rated as excellent 
with large, rough, brown seeds. 

,: generation lines derived from crosses involving SUVITA-2 
were also tested. Several of these were found to be resistant to 
Striga and combined disease resistance with medium to high 

yields and desirable seed quality. These lines will be further 
evaluated for agronomic performance in 1983. 
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Screening cowpeas for 
resistance to major 
viruses; right, a new 
cowpea line IT 82E-10 
resistant to six of seven 
known viruses with the 
su..ceptible check next to 
it.
 

Advances inCowpea Virus Research 

C owpeas culltivatecd in Africa arc in tested 'ith seven known 
viruses, the nofst important of' which arc(owjpa aphid

borne moMaic vir'us (CAbIV;I, tCowpea \'1lhOw mosaic virus 

(YNIVi, and cucuml)er mosaic virus 'CuIMV,. \hlen present 
ah( ,' or ill mixtures, thev can cause, up tr lO0"') loss in vield 
wbel highly stisce)til)h' varilties are iiivolvd. 

Almost everv variety tested over the past I0 \ears by IITA 
scieintists Wis re.sistant to on V 011 Or two virusC.s or to 110i1e. But 
during 1982, one selection IT 821:- 10 fi'om the germplasm 
entry TVui 128 was flound to have resistance to at least six of the 
seven known viruses. Only inocuation with one viruis cowpea 

mottle virus '(', V ) from Nigeria resu.ltedi i it sym)tom 

expression on IT 821-110. How ever. systemic infi.ctioi with this 

virts appeared to occur oilylv with great difliculty. indicating a 
high levl of*"field re.sistan.ce." Identificatioi of this multiple 
virus resistant cowpea introductiOn is considered a major break

through. 

During the past several years, eflrts hav,, been made to 
develop large, white, rough-see'ded materials resistant to CYMV, 
but this has been difticuIt because all the available lines resistant 
to this virus had small brown or black seeds. However, by 
selecting firin the world germplasm collection of cowpeas at 
I TA all white, rough-seeded materials and by screening these 
for resistance to CYMV, two introdluctions TVu 5971 and TVu 
7483 - have been identified as immune' to the virus. 
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Bush-Type Vegetable Cowpea 
Development 

Several countries grow cowpeas as a vegetable crop, and 
consumers use the long, fleshy, tender pods as a fresh 

vegetable. But most of thcse vegetable varieties need staking to 
keep pods from touching the ground and rotting, which involves 
extra costs to growers and restricts the area of cultivation. 
Therefore, I [TA scientists initiated a systematic breeding 
program to develop bush-type vegetable cowpea varieties that do 

Traditionalclimbing- not require staking, Vet have similar yield and pod 
type vegetable cowpea characteristics. 
variety (left) and a new 
highyielding bush-type A number ol them have been evaluated along with FARV-13 
(right) with long 
pedunclesprotruding and TVx 3442-27E as checks. Nigeria released the fbrmer, a 
well above the canopy. climbing-type vegetable variety, several years ago under the 
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TABLE 13. 
Performance of three 
promising new bush-type 
vegetable cowpea 
varieties at ITA 
compared with two older 
climbing types (1982). 

Variety 

H~p~a44 ~.. 

TVx 34,12-27E (Chick) 
|:ARV-13 (check) 

CV 
IlSD (5, 

name of "DINNER." TVx 3442-27E is a climbing-type 
advanced breeding line developed earlier at IITA. The first 
picking of green pods was made 53 days after planting and 
pickings continued each week for several weeks until most of the 
varieties stopped producing. 

The bush-type IT 81 D- 1228 series, resistant to major diseases, 
yielded between 14 to 19 tons/ha of'grec:, rods compared with 
12-15 tons for the climbing-type (Table 13). Pod characteristics 
and protein content of both types were similar, but the most 
important characteristic of the bush-type varieties was their extra 
long peduncles protruding well above the canopy, thereby hold
ing the pods above ground. Picking the pods each week reduced 
the weight on the peduncles as they remained upright all the 
time. Frequent picking also stimulated further flowering and 
podding on the same peduncles which ensured a conlinuous 
supply of green pods over the seven weeks. Seed yield of these 
varietics was also reasonably good and the seeds were large and 
white. 

0 Protein 

Dry Gre Pod Moisture Green pods Seeds 
seed pods lengtih cotent 

(kg/ha) (cm) ("!1 Fresh Dry 

' 6 1778, 29 89.3 2,8 2.~2

982 14767 32 89.3 2.8 26 25 
555 12504 31 89.1 2.7 25 26 

341 13 
604 3356 
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For Maruca mating under 
artificial rearing 
conditions, relative 
humidity, temperature, 
and duration of the 
pairing period are very 
important. 

Mating Success inArtificial Rearing of 
Maruca for Plant Resistance Studies 

evelopment of precise and repeatable bio-assays for use inD 
the screening ofgermplasm and breeding material continues 

to be a major component of IITA's research on cowpea resistance 
to the pod borer Afaruca testulalis. A suitable artificial diet was 
described in the 1981 edition of Resealch Highlights, and this year 
important progress has been made to obtain adequate adult 

mating and oviposition of' viable eggs in the laboratory. Large 
numbers of the insect are needed fbr use in resistance studies. 

The research, conducted in collaboration with scientists from 
the International Center of Insect Physiology and Ecology 
(ICIPE) in Kenya, shows that a number 'ffactors are necessary 
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for Maruca mating, the most important being relative humidity 
(RH), temperature, and duration of the pairing period. 

Adult activity starts at about 1900 hours and peaks between 
2200 and 0200 hours. During this period the RH was observed to 
range between 80 and 100% while the temperature ranged 
between 20 and 24°C (Figure 15). The highest number of mating 
pairs in cages was observed between the hours of midnight and 
0300 corresponding with the period 'f high RH and low tem
perature. In periods of low humidity and very low temperatures 
(such as during the harmattan months) or low humidity and 
temperatures above 27CC (such as during the rest of the dry 
season), the level of adult mating is generally low (20-40%). 

When newly emerged adults were paired for 1-5 nights in 
groups of 5-10 pairs per cage, the highest level of mating (90%) 
was obtained from five nights pairing (Figure 16). More than 

FIGURE 15. 
Optimum levels of 
temperature and relative 
humidity for Alaruca 
mating. 
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50% of all females were mated even with two nights pairing, but 
no mating occurred with only one night. Egg production was 
generally higher than most reports indicate, and moths lived for 
up to 10 days with five nights pairing. Egg hatch was over 75% in 
all cases. Females mated only once as revealed by spermatophore 
counts. A method used for egg collection developed in IITA's 
entomology laboratory is described in Research Briefs (Vol. 3 No. 
1, 1982). The present culture has been kept now for more than 
five months, marking the first time more than one generation of 
Alaruca has been successfully kept on an artificial diet. 

FIGURE 16.
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adults for two, three,
 
four,andfive nights on 
mating and subsequent 
oviposition. 
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New Method for Screening Soybeans for 
Resistance to "Field Weathering" 

0 nly limited success has been achieved in growing soybeans in 

the humid tropics because rapid seed dheterioration results in 

poor stands. Varieties with resistance to deterioration durilg 
storage have been identified at I ITA and breeding lines are now 
screened routinely fbr good seed storabilitv. However, seeds can 

deteriorate prior to harvest if warm, huenid conditions prevail 
during the tini ofse'cl maturation. Scieintists generally refer to 
this as "field weath ering." 

To breecl soybean varieties with resistance to "field 
weathering," it is essentiai to laave a screening method that both 
accentuates genetic cifferences among varieties fir resistance and 
provides a unibrm environmental stress to all varieties beings 

tested. In other parts of the world where "field weathering' is a 
problem, scientists have tried to assess resistance by measuring 
seed vigor after delayed harvest treatment (three weeks after pod 
yellowing). But this approach is not adlequate when a plant 

breeder compares varieties that mature at diffterent times. 

With i new method "incubator weathering" pods are 
stripped from the plant when they turn from green to yellow and 
put in cells of'a plastic grid in an incubator at 30"C,95 99'%,RH 

for 10 days. 'he plastic grid provides a unifbrm environment and 
minimizes cross contamination of fungi. This method pro'el to 

be preft-rable to two others tested - delayed harvest and "wet bag 
weathering." 

Three replications o135 varieties were sown on three diltrent 
dates. After the weathering stress treatments, scientists measued 
seed vigor by laboratory germination and field emergence. With 
"incubator weathering," thdwy observed similar mean emergence 
and germination scores fir the diferrent planting dates which 
implied that the degree of weathering was similar regardlless of 
the weathering conditions in the field. The error variance was 
generally smaller than that associated with delayed harvest, and 
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NOW 
"Incubatorweathering" 
proved to be preferable 
to two other methods 
tested for screening 
soybeans for resistance 
to 'field weathering." 

the pods were not subjected to differing periods of weathering 
stress. (Early maturing pods are subjected to a longer period of 
weathering stress than late-maturing pods in the delayed harvest 
method.) 

Soybean lines with consistently high levels of resistance 
included IITA accession numbers TGm 1171, 46, 106, 112, 693,
 
685, 7371, 737 w, 618, 94, 730, and 122. Results of this studly
 
confirm earlier observations that many of the lines previously
 
listed as having resistance to deterioration in storage are also
 
resistant to "field weathering" deterioration.
 

Unweathered seeds from the third planting were also 
subjcted to eight months ofambient storage. The emergence 

scores following "incubator weathering" and ambient storage 
were comparecl to determine the relationships between 
storabilitv and "incubator weathering." The results (Figure 17) 
confirm that many of the breeding lines resistant to deterioration 
of seed in storage are also resistant to "field weathering." 

Seedling emergence following" incubator weathering" (M) 

52
 

42
 

FIGURE 17.
 
Relationship between 32
 
emergence following 
"fieldweathering" and 
emergence following 22
 
ambient storage for eight 
monthsfor 35 soybean 
varieties. (50 seeds were 
sown from each of three II
 
replications; red dots 
indicate varieties 
resistant to both "field 0 
weathering"and 18 32 26 60 74 88
 
deterioration in storage.) Seedling eawrgence following 8 monthsambient storage (%) 
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Below, two of the top 10 
IITA rice varietiesbased 
on desirable grain 
characteristics; right, 
poor quality rice with 
short and brokengrains 
and too much chalkiness. 

ITA 43 

I~
 

Rice Varieties with Good Grain Quality 
and High Yield Potential 

R ice growers have an interest in good grain quality, as well as 
high yields, because the market price of milled rice depends 

on the percentage of broken grains - the lower the percentage of 
brokens, the higher the price. The amount of chalkiness in rice 
grains - one of the characteristics used to judge quality - affects 
this percentage. Chalky portions result in softer grains which 
break more easily during milling than those that arc free from 
chalkiness and are "translucent." In addition, rice grain quality 

is judged on length and shape with the latter classified as slender, 
medium, or bold depending on a length-width ratio. 

Consumrs also are interested in quality, generally preferring 
long, translucent rices with a minimum percentage of broken 
grain". 

Taking cognizance of these aspects, the rice improvement 
program of IITA has emphasized quality as well as high yield 
potential and resistance to various stresses. The top 10 elite ITA 
varieties with good grain quality and high potential are shown in 
Table 14. 
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The top quality JITA 
lowland rice variety 
growing in a paddy. 

(rain i harcI'tr,isfi(s' 

o*
Aclapld It-iigi I* %vidth rati Chalkineiss 

VitiI. e(O.%'sl1( I1 7. !11 (09 

ITA 116 Upland 3 5 1 

ITA 117 Uplaid 3 5 1 

ITA 141 Upland 3 I 1 

ITA 150 pIdand 3 5 I 

ITA 2'35' Uldlanl 3 .5 1 

ITA 257 I-'4id 3 5 1 

ITA 123 Lowland I I I 

ITA 217 L.uowlanl 5 5 0 

ITA 231 I.owlandI 3 5 1 

ITA 2.49 I.owlaid 3 1 

+. fda' i' a,11 "S'aoiiiiid -vaifjSi , f f i ,1 I . f 2ui cdieiian../1 ," Io' "I. 

nil ,i Itndip'i. i liIfm flh: f.tlhf/iu'idlh / - /i/A ut 

I. f~I-tii /.S/indh4, ( , 1!/t '( < 7..mm) ( <3,, 41111d ii) 

3. l.joni(6f6 7.,5min) . 1.li'ditn (2.1 3.0) 0.. fai diuA (lt ni ) 

TABLE 14. *..tldin (.5. (i.itun ) 9. flild ( >2.0) 1.Smil (11 f ihll,10") 

Grain characteristics of 7. ,Mii ( >5.imm) 5.Mditui (lift)20',,) 

the top 10 IITA rice 9.I,.'( nf, than 20'.) 

varieties. 
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ReliableRice Screening Technique for 
Resistance to Stalk Eyed Fly 
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During 1982, almost 1,000 rice cultivars (0. saliva and 0. 
glaberrima) from 39 countries of the world were screened. 
(Approximately three-fourths came From Africa.) Infistation of 
the stalk ,yc fly ranged from 1.2 to 67"/, compared with a 
nmxhniun ol'about 15o/, unth'r natural field COnclitions. Out 01f 

thev total nuibclr of' cultivars screened, 57 with less than I0oo~ 
infi'station were selected as promising. The best 20 of these and 
sources from which they originatedl are listed in Table 15. 

TABLE 15. 
Twenty of the best 
cultivars selected for 
resistance to the stalk 
eyed fly ). thotatita in a 
mass screening test of 
988 rice cultivars at JiTA 
in 1982. 

Ih)Signatiun/ 
IITA ;.c. 1o. Sojrer 

Infestation* 
(/) 

)csigalimu/ 
IITA ;C#. ino. Sourt'e 

Infestation* 
(M) 

TO 51127 
3213 

215 
372 

3212 
5792 

TOx 916-6-1-101-2 
TOg 63190 
'l)s 272 
'T(O)5677 

lUilria 
h'nrv (:aist 

SA 
hl(hoIIISia1 
h'ory ( ,ast 

IUilwrri 
1IITA 

I.iwri; 
ISA 
Nigeria 

1.2 
1.8 
1.8 
2.0 
2.2 
2.2 
2.4 
2.5 
2.8 
2.9 

ITA 121 
TOs 5267 

657 
3173 

x.2. 1).T 
T()x 936- 153-5-3-3 
TON 663 

57:1.1 
TOx 891-212-2-I02- I-I 
TlOg 6I.181 

1ITA 
I ory Comt 
USA 
I111donsia 
\'ie nalm 
IITA 
Nig.ria 

biria 
IITA 
il.ria 

3.1 
3.3 
3.3 
3.3 
3.4 
3.5 
3.5 
3.6 
3.6 
3.8 

*I s/(i'ali ,(ngr'l/'ot 2.I.o66.7 ,, irtthem l(ilrenil4t' 11. 
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Progress inDeveloping Stemborer 
Resistant Maize for Africa 

T he pink stalkborer Se.ania calai.i6 - one' of' five difle-rent 
species of'maize stemborers causing significant yield losses in 

Africa -- is widespread in the lowland humid tropics. In the 
humid environment of southeastern Nigeria, fi'" example, the 
attack of this stemborcr is most serious during tile latter part of' 
the season (.June, Novemberi. so most Eirmers do not plant maize 
at that time. A solutioi to the borer problnil would allow theim to 
do so. 

The existing practice to control stcilborcr larvac on large 
maize fields is to place iust-cticidl' dust or grantiles into funnels of 
young plants, but this loes not control larv'ac already in the 
stems. Another drawback of this method is the cost of' the 
chemicals, which most small ftilrmers cannot aflbrd. Ill most 
ellctive, economical, and environmentallv acc'eptable nitthod 
of control is through the use of' resistant plants ill combination 
with good cultural practices. 

I ITA scientists initiated a maize breeding program in 1975 to 
develop resistant liies. Screening and selection were (lone mainly 
under heavy natutral infi-station as a result of late planting at a 
sub-statioll ol' the Nige'rian National Cereal Research Institute 
(NCR I) at Umudike. More than 2,500 fhmilics or lines of' 
improved gerniplasm and local varieties have been screened. 
Selected plants were recombined later to accumulate the genes 
for resistance and the progenies retested again under the same 

conditions. 

Realizing the need for a more accurate and reliable screening 
technique, I ITA embarked on a program in 1981 to develop 
mass rearing and artificial infestation techniques fbr various 
species of maize borers. A new laboratory building was 
conpletecl in 1982 which makes possible the rearing of large 
numbers of insects of two borer species - Sesamnia calaiitisand 
Eldana saccharina. Twelve maize Ih milies, selected ancl bred 

http:calai.i6


Evidence of the damage 
causedby the pink stalk 
borer;susceptiblecheck 
(right)comparedwith the 
new resistantmaize line 
BR 45-5 (left) under 
artificialinfestation. 



FIGURE 18. 
Percent survival of 12 
new JITA borer-resistant 
maize lines under heavy 
artificialinfestation 
byS',,i,,ra/aii. 


(i6 

previously for Se.amia resistance, were compared under 
controlled artificial infestation in the screenhouse in 1982 with 
TZPB - a widely grown variety in Nigeria. Only 5')(, of the 
control variety TZPB plants survived after infi'station with 25 
larvae/plant. Under the same conditions, the average survival of 
the 12 families tested was about 50",. From the best family BR 
45-5 al))roximately 80",, fthelplaItsM urvived (Figure 18). 

These results are encouraging, indicating that by proper 
breeding methods it is possible to identiFy and accumulate genes 
fbr Sesamia resistance in maize. With the unifbrm artificial 
infestation technique, progress in stemborer resistance breeding 
should be faster and agronomically acceptable resistant varieties 
available in the fhtitre for farmers in Nigeria and other countries 

through their national programs. 
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A maize streak resistant 
variety on the left 
compared with a 
susceptible variety on the 
right. Both were planted 
at the same time under 
streak infection. 

i8 

In 1981, one set of 250 full-sibs of TZSR-W-1 and one of 
TZSR-Y-1 were sent to the Republic of Benin, Cameroon, 
Ghana, Ivory Coast, Nigeria, and Upper Volta. Six entries were 
supplied by the trial collaborators. Based on the performance of 
the flil-sibs across the six locations, 60 and 58 full-sibs were 
selected fbi" the regeneration and Further improvement of TZSR-
W-I and TZSR-Y-1, respectively. Simultaneously, the best 10 
full-sibs at each location were recombined by bulk-sibbing 
during the 1981 dry season for the formation of experimental 
varieties specific to the test locations. 

During 1982, the first organized Internat'enal Trial was 
conducted with streak resistani varieties by IITA in cooperation 
with national collaborators. Six experimental varieties described 
and designated by the trial location and the parent population 
were included in the Experimental Variety Trial-Late Streak 
Resistant (LVT-LSR). ',xpe-imental varieties from TZB and 
TZPB populations, previouslv :\eloped by I ITA and widely 
grown in Nigeria and other African countries such as the 
Republic of Benin, Togo, Gabon, and Cameroon, were also 
produTced fbr the first time and included in the trial. All these 
varieties were compared with two best varieties by the 
collabo rators. 

The trial was sent in March of 1982 to 24 locations in 17 
countries of Africa in both forest and savanna areas. By the end of 
tile year, data had been reported and compiled firom 10 of these 
locations in six countries - Republic of Benin, Cameroon, 
Ghana, Kenya, Liberia, and Nigeria. A sunmary of results is 
shown in Table 16, Perfbrmance of the streak resistant va. ties 
was as good as imlroved non-streak resistant varieties under 
normal conditions and isexpected to be much better under streak 
pressure. 



New late-maturing streak resistant varieties will be included in 
""rfo,. 	 the 1983 EVT-LSR International Trial. Some of them were 

established baseU oil late arriving results from the international 
full-sib family trial conducted in 1981 in six countries of Africa. 
Others are a product of a backcross conversion for streak 
resistance of selected varieties from CIMMY'"s international 
program. These varieties were selected based on their good 
performance in trials conducted in Africa, but they were 
susceptible to maize streak virus. This project is part of the 
IITA/International Maize and Wheat Improvement Center 

(CIMMYT) cooperation in Africa. Toward the end of 1983, a 
similar Experimental V-arietm Trial 01 eal-maturing streak 
resistant varieties will also be available. 

TABLE 16. 
Average yield' and some 
agronomic characteris
tics- of maize in 1982 
EVT-LSR trial in 10 
locations (six countries) 
in Africa. 

Plant 
,.\vvarv Days lo E.ar. Plan! Root Slalk 

yifld 50",, height highl lKigitig h Iging
\'arictv. %th ;ni, F11;I", ",,+ilkini. 

Ikunne I.SR\V .t.5 62 1.2 2.3 4.9 5.2 
F'rkr ISRWV .t.3 62 1.2 2.2 5.2 6.2 
S('kou I.SR\V .4.7 61 1.2 2.2 6.2 5.8 
Ikoime ISRY -1.5 GI 1.1 2.2 4.9 5.0 
'hrkc LSRY 4.4 61 1.1 2.3 5.5 5.1 
Faiak(-i;a I.SRN 4.1 6i1 1.2 2.3 2.2 -1.0 
Mok\a 'ZB -. 9 62 1.2 2.3 3.9 1.0 
(;uiu "'iZ 5.3 61 1.1 2.2 4.3 3.11 
01111' "1i , .1.8 61 1.3 2.4 4.4 4.6 
Siakoko i/I'll 5.2 6 1.3 2.3 .1.2 -1.8 
Chck I ' 1-t 62 1.2 2.2 3.4 4.9 
Check I1' 1.2 61 1.3 2.1 6.2 3.1 

'Statiltical tgn(irantdillerri,ewhetwieen i (t 'tieo ia,'rand iAfol !1the 10 itiah. C. '. w'ngr it'a 12 .T_",, 

A tw.,a !/,11111a JIO r," h atiloin(ii inh./c n/ 

'.I I tieii ,p th, (,h %ate baid ln tht roullto/ 1981 fIroge'toi toti.
 
Piltornti/c,(A%at ic/h h aim.
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Sharing Research and Technology 
Expertise with Staff of National 
Programs and University Students 

A lthough IITA is not a university, it does have a solid 
commitment to accept a number of post-graduate students 

who want to w6rk on the research portior oftheir degrees under 
the supervision of a senior scientist at the ni.situte and have the 
approval of their universities to do so. During 1982, 34 Masters 
degree candidates from 10 countries and 30 Ph.D. (doctoral) 

muw P A C1 F C C O f A 
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A doctoral(Ph.D.)
candidatefrom the 
University ofScience and 
Technology at Kumasi, 
Ghana, works on his 
thesis research in 
virology underthe 
directionofan IlTA 
seniorscientist.He is one 
of30 engagedin Ph.D. 
thesisresearchduring 
1982 atJiTA. 

FIGURE 19. 
More than 2,500persons 
from 79 countriesaround 
the worldhave received 
researchandtechnology 
trainingat HTA over the 
past12years. 
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candidates from 12 countries wuc engaged in suct. research. 
Since this program started in 1970, the numbers have totalled 
144 and 87, respectively. Although the majority came liom 
Africa, others represented Asia, Australasia, South and Central 
America, North America, Europe, and the Pacific region (Table 
17 and Figure 19). 

Undergraduates are not fbrgotten. Up to 20 of' them from 
African universities are selected each year to get research 
experience at IITA fbr three or four months during their final 
long vacation period. 

Non-degree training at the Institute is more flexible, and since 
1970 over 200 staff members of departments or ministries of 
agriculture, international agencies, and other organizations have 
gained additional technological knowledge or skills tailored to 
their individual needs. By far the largest number of' training 
participants - 1,859 - have been involved in group courses for 
various lengths of time up to 16 weeks. Although most of these 
courses are conducted on the IITA campus, courses have also 
been held in Cameroon, Nigeria, Sierra Leone, and Upper 
Volta. In addition, IITA scientists have assisted with courses in 
Brazil and Liberia. 

I ITA considers these training programs a "two-way street." 
Not only do they result in an ever increasing flow of competent 
research workers and stafl'members who put research results into 
practical use ai national and local levels, but they add to the 
research capacity of the scientific stafl of the Institute. Another 
advantage is that IITA can keep more closely in; touch with 
agricultural probldms of the humid and subhumid tropics 
through those who have been trained and return to work in their 
home countries. Over the years, the number is sizeable - more 
than 2,500 persons from 79 countries around the word. 
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Trainingparticipantsin 
group courses get 
instructionnot only in 
classroomsand 
laboratoriesbut also in 
thefield.Most courses 
are conducted in both 
EnglishandFrench. 

TABLE 17. 
Number ofpersons 
receivingresearchand 
technology trainingat 
IITA from 1970 through 
1982 andthe continents 
or regions they 
represented. 

Continent 
or 

region 


Africa 
A.sia 

Australasia 

Europe 
North America 
South/Central America 
Pacific region 

No. of 
countries 

41 
I I 
2 
5 
2 

14 
4 

79 


Univcrsity 
Master's 

candidates 

85 
5 
1 


47 
5 
1 
-

144 


University 
Ph.D. 

candidates 

64 
2 
2 

13 
5 
1 
-

87 


Participants 
in group courses 

'On site, :0W site, Others 

1483 216 383 
55 -I I 
4 I 
5 - 5 

30 26 13 
35 7 
5 - 

1617 242 
 420
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ADMINISTRATION 

4 	 E.H. Hartmans, Ph.D., director 
o 	 general. 

Per 0R elB.N. Okigbo, Ph.D., deputy director 

Personnel general (on sabbatical diave). 

L.H. 	Sheheski, D.Sc., deputy director 
general and interim director of 
research. 

M.A. Akintomide, B.S., director of 
administration. 

S.V.S. Shastry, Ph.D., director of' 
research.* 

J.E. Haakansson, M.B.A., director of 
budget anti finance. 

0.O. Ogundipe, M.D., medical officer. 
C.A. 	Enahoro, administrative assistant 

to the director general. 
K.A. Aderogba, D.P.A., principal 

administrative officer. 
S.J. 	Udoh, A.M.N.I. NI., chief 

accountant. 
M.E. Olusa, assistant to the director fbr 

administration. 
E.A. 	Fo ., manager of information 

systems. 
1).. 	 Sewell, dormitor and food service 

manager. 
R.O. Shoyinka, B.S., personnel 

manager. 
E.A. Onifade, security superintendent. 
A. Yusuf, B.S., controller ofstores. 

CEREAL IMPROVEMENT 
PROGRAM 

Y. 	Efron, Phl). , assist atirtector and 
program leader. 

K. 	Alluri, Ph.)., rice 
agronontist/breeder. 

S.K. Kim, Ph.D., nmaize breeder. 
J. Yamaguchi, Ph.)., rice 

physiologist.* 

Kaung Zan, Ph.D., IRRI liaison 
scientist. 

M. 	 jarnason, Ph.D., CINIMYT maize 
breeder. 

J. Arrivets, \.S., IRAT liaison 
scientist. 

F.H. 	Khadr, Ph.D., maize breeder 
Il'I'A/CEi (:, Zaria. 

H.N. Plam, Ph.)., Cl INIYT', maize 
breeder. 

V.T.Joli, Phil)., rice pathologist. 
Z.T. 1)abrowski, Ph.D., maize 

entomologist. 
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A.0. 	Abifarin, Ph.D., IITA liaisn
 
scientist, WARI)A, Liberia.
 

V.L. Asnani, Ph.D., SAFGRAD,
project leader, Up'-er Volta. 

N1 Rodriguez, P'h.D., agronomist, 

SAFGRAD, Upper Volt , 

T.G. 	Hart, Ph.D., chief ofparty, 
NCRE, Cameroon. 

I'.A. Atayi, Ph.)., agricultur-. 
ecotinmist and deputy chiefol'party, 
NCRE, Caninxm . 

D.C. Goodman, %I.B.A., administrator, 
NCR E, Cai.'oon.* 

A.C. Roy, Ph.D., rice agronomist, 
NCRE, Cameroon. 

J. Chung, Ph.D., maize breeder, 
NCRE, Cameroon. 

H. 	Tallhyrand, Ph.D.,agronomist
 
NCRE, Cameroon.
 

Om.P. 	l)angi, Ph.)., sorghum and 
millet breeder, NC:RE, Cameroon. 

D. McHugh. extensioni agronomist
 
NCRE, C(nrooti.
 

M.S. Alam, Ph.D., rice entomologist. 
L. Everett, Ph.D., maize breeder. 
J. Gibbons, Ph.D., rice breeder. 
J.M. 	Fajemisin, Ph.D., maize 

pathologist/breeder (visiting 
scientist), National Cereals Research 
Institute, Nigeria. 

D. 	\Iakonnen, Ph.)., maize breeder 
(visiting scientist), Addis Ababa 
University, Ethiopia. 

FARMING SYSTEMS PROGRAM 

C.H.H. 	ter Kuile, Ph.D., assistant 
director and program leader. 

T.L. Lawson, I'll.D., agrocli matologist. 
C. Garman, M.S., agricultural 

engineer. 
N.C. Navasero, B.S., associate 

agricultural engineer. 
H.C. Ezumah, Ph.D., agronomist. 
GF. Wilson, Ph.D., agronomist. 
R. 	Swenntcn, Ir. plantain agronomist, 

Onne. 
M. 	Ashraf, Ph.D., agricultural 

economist. 
P. Ay, Ph.)., socio-economist. 
A.S.R.Juo, 	Ph.D., soil scientist 

(chemistry). 
B.T. 	Kang, Ph.l)., soil scientist 

(lirtility). 
R. Lal, Ph.D., soil scientist (physics). 



K. Mulongoy, Ph.D., microbiologist. 
1.0. Akobundu, Ph.D., weed scientist. 
P.S.O. Okoli, Ph.D., agronomist. 
D.S. Ngambeki, Ph.D., agricultural 


economist. 

Y. Arora, Ph.)., soil scientist 

(chemistry).* 
B.S. 	(Ghoman, Ph.D., soil scientist 

,physics).* 
O.A. 	Opara-N, 5i, Ph.)., soil scientist 

(physics). 
T. Kosaki, Ph.D., soil scientist (soil 

evaluation. 
JA. Poku, Ph.I) . weed scientist. 
H.O. Maduakor, Ph.)., soil scientist.* 
G. Cesarini, Ph.!)., socio-economist 

(visiting scitlitist i.* 
M.A. 	Cownman, visiting wecd scientist 

iFA/IC!I . 
P.I..G. 	VIhk, Ph.)., visiting soil 

scientist (IFi: . 
.V.projectHlITA/Ford Foundatioi . iIanioc

I i~lA/Fod ..louiii!at cii 
S.K. 	\I11ghoglto, Phl)., soil scientist 

(fletiliy). I\V.\V.ITA IFI):/IA.B.M. Van der Kruijs,Ir., soil 

scintist, der.K I r,\/I il 

W.N.O. 	 Izeilo. agronomist, Bida 
Ai)P/ l~l:, Nieria.K.. 

R. Balastbramanian, Ph.I)., soil
AS.B.reriliy'.ilsecilisli'rtilityspecialist NI II)ASPrag. 

Ghatia/l ITA/I.SAID. 
J.O. 	 Braide, lit.!)agrononist 

(MIDAS, Ghana/lITA/USAIl)). 
N.V. 	Nguu, Ph.) . agroomist, 

SCa r ni/l I\ \/World Bank . 
A. H.S. Vacttlslah.d&, Ir., FAO, assoc. 

expert !soil physics). 
J. Van der Heide. Ir. soil scientist.* 
E.A. Atayi, Ph.D., agriculturalCCtaymislt.


ecottomist, NCR E. Catteroott.
 
. .E, ar oon. 

F. Nsc eke, Ph.)., associate economist. 
D. ViIlsteke, Ir., plant phiysitologist 

fplantains .
N. Hutlugalhe, Ph.I)., soil scietist. 


F..Baryeh, Ph.D.,agricuhttral engineer. 


GRAIN LEGUME IMPROVEMENT 
PROGRAM 

S.R. Singh, Ph.D., assistant director 
and program leader. 

Mazo Price, Ph.D., coordinator, 
I ITA/USAID Tanzania project. 

A.A. Ayanaba, Ph.I)., microbiologist. 

E.E. Watt, Ph.)., plant breeder, Brazil. 
V.C. Aggarwal, Ph.D., plant breeder, 

Upper Volta. 
L.E.Jackai, Ph.D., entomologist. 
S.Asanuma, Ph.)., microbiologist. 
L.A. Kueneman, Ph.D., plant breeder.
 
B.BI1.
Singh, Ph.)., plant breeder. 
Y.S. 	Rathore, Ph.)., entomologist, 

SAFGRAI), Upper Volta. 
N. 	MtIeba, Ph.1).. agronlomist, 

SAFGRAI), Uppr Volta. 

ROOT AND TUBER 
ROT A NT R 

IMPROVEMENT PROGRAM 
S... Hahn, Plil).,assistant director 

an p a leaer 
and programeh.adtr 
. Al'arz, Ph.D.., platt breeder. 

V. Bai, Ph.)., ct ,ageneticist.
 
F.1.. Brockman, P.)., agrmomNtisi and


ader, Progranit,' Nat iotrnml(PRONA NI, 	 Zaire. 
E. Casetiess, IPh.lI)., n,'tttohogist. 

F.E. 	 Fiebig, PI..,extenso
 
Fiebig, \I.S., extension


agronomist, PRONA.NI, Zaire. 

R.D. Hennessey, Ph.)., entomologist, 

PRONAM, Zaire. 
H.R. Herren, Ph.)., entomologist.ema , Ph.D., etiornologist.
B. Le, P.., entomologist

Loehr, Ph.D)., entomologist, 

Paragay. 
S.X.C. Ng.. NI.S., tissue culttutrist. 
S]. Pandy, Phi.)., extension 

agronomist, PRONA NI, Zaire. 
1). Perrean x, Ph.)., pathologist. 
IIJ. Plillir, Ph.l)., agrontnist and 

proiect leader, CNRCIP. Cameroon. 
G.L. Servant, M.B.A., administrative 

olficer, PRONANI, Zairc.T.P. Sitgh, Ph.D., plant breeder, 

PRONANI, Zaire. 
A.M. 	Varela, B.Sc.. entomologist, 

Paraguay. 
NI. 	Veloso, physical plant servires 

officer, PRONAM, Zaire. 
J.A. Whyte, Ph.D., plant breeder, 

CNR(IIL Cameroon. 
F. Schulthess, Ing., cttomologist, FAO 

associate expert.
 
Ii.M. Chukwunia, restarch associate.
 

TRAINING PROGRAM 

W.H. 	Reeves, Ph.D., assistant director 
and head. 
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G.A. 	Cambier, Lic., translator/ 
interpreter. 

C. Puttevils, Lic., translater/interprcter. 
D.W. Sirinavake, training officer. 
A.P. Uriyo, Ph.D.. training officer and 

agronomist. 

INTERNATIONAL PROGRAMS 

E.R. Terry, Ph.D., assistant director 

and head. 


EF. Deganus, B.S.. CAR, 

administrator.
FO. Ogunyemi, F.C.C.A. accountant, 

RESEARCH SUPPORT UNITS 

ANALYTICAL SERWCES 
LABORATORY 

J.L. Plevsier. Ph.D., head. 

BIOMETRICS 

J. McGuire, Ph.D., biometrician. 

PUBLIC AFFAIRS AND 
DEVI JPMENT 

J.E. Keyser, B.S., assistant director. 
J.O. Oyckan, B.S., head, corn-

munications and information. 
J.C.G. Isoba, \.S., communications 

officer, publications., 
R.E.. RathloneI.S., editor.* 
N.C. Russell, M.A., editor. 
F.M. 	Gatmaitanjr., senior graphic 

designer. 

FARM MANAGEMENT 

D.C. Cottper, B.S., farm manager ,on 
sabbatical leave). 

S.L. Claassen, M.S., acting farm 
manager. 

P.V. Hartley, B.S., farm engineer. 
P.D. Austin, B.S., officer in charge, 

Onne. 

GENETIC RESOURCES UNIT 

N.Q. Ng, Ph.D., head and plant 
geneticist. 

M. Davids, Ir., associate expert, FAO. 

LIBRARY AND 
DOCUMENTATION CENTER 

S. Lautt, PhID., head. 
G.O. lbekwe, B.A., principal librarian. 
FNwajei, B.A., acquisitions 

librarian. 
M.O. Odubanjo. B.S.. cataloger. 
S.B. Akande, assistant cataloger on 

study leave. 

PHYSICAL PLANT SERVICES 

J.G.H. Craig, assistant director for 
physical plant services. 

E.O.A. Akintokun, research vehicles 
service officer. 

A. Amrani, heavy equipmet service 
officer. 

A.C. Butler, buildings and site service 
officer. 

O.O.A. Fawole, automotive service 
officer. 

J.M. Ferguson, fabrication/wat'r utility 
service officer. 

N. Georgallis, scientific/tlectronics 
service officer. 

J. Lukowski, electrical service officer. 
D.J. Amaratungc, refrigeration/air

conditioning service officer. 
M.O. Yusuf, construction/site 

engineering service officer. 

VIROLOGY UNIT 

H.W. Rossel, fr., virologist. 
G. Thottappilly, Ph.D., virologist. 
J.\.M. van Lent, Ir., virologist. 
H. Huttinga, Dr. Jr., visiting scientist. 

*Left during the year. 
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Airview of aportionof 
IITA 's main experi

mentalfarmat lbadan, 
Nigeria. Research is also 
done in two other 
ecologicalzones of 
Nigeriaand in other 

countriesin cooperation 
with national,regional, 
and international 
centers. 
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