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Facts 	 1 stablished as an autonomous, non-profit corporation on 

t1 July 27, 1967, the International Institute of Tropical 

about E Agriculture (IITA) is one of the major links in a 

I ITA worldwide network ofagricultural research and training centers. 
The Federal Republic of Nigeia allotted 1,000 hectares of land 
fbr the IITA site, and the Ford Foundation provided initial 
capital fbr buildings and deveiopment. 

IITA is governed by an international Board of Irust'-es, the 
membership of which includes representatives from dcvcloping 
countries in areas of the Institute's concern. 

Principal financing of the Institute (and other centers) is 
arranged by the Consultative Group on International 
Agricultural Research (CGIAR) - an infbrmal group of'donor 
countries, development banks, foundations, and agencies. 
Support fbr I ITA's research and training corc program in 1983 
was provided by the Canadian International Development 
Agency (CIDA), Overseas Development Administration of the 
United Kingdom (ODA), U.S. Agency fbr International 
Developmem (USAID), World Bank, International Fund for 
Agricultural Development (IFAD), Ford Foundation, OPEC 
Fund for Agricultural Development, and the governments of 
Australia, Belgium, France, India, Italy, Japan, Netherlands, 
Nigeria, Norway, and Federal Republic of Germany. In 
addition, other donors provide funds to the Institute, particularly 
to support specific research or training programs. 

The "geographic mandate" of I ITA includes the humid and 
subhumid tropical zones, and the Institute concentrates its 
research and training in two major areas: farming systems and 
crop improvement ofcertain designated cereals (rice and maize), 
grain legumes (cowpeas and soybeans), and roots and tubers 
(yams, sweet potatoes, and cassava). 
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Preface S'everal big steps were taken recently toforge new 
and stronger links with national and regional 

.programs. We realizethat the researchfindings of 
JITA, some of which are presented in this edition of 
Research Highlights, will be of little practical value 
unless they reachscientistsandgovernment agenciesin 
developingcountriesof the humid andsubhumid tropics 
andaretested zind adaptedtofit theirconditions.In turn, 
the Institute depends on them to guide it toward 
problems which are relevantandimportant. 

InJune 1983, HTA hosted thefounding congressof the 
International Federation of Agricultural Research 
Systems for Development, African Chapter, and our 
scientists had the opportunity to exchange views and 
discussproblems and needs of African nations with 27 
directors and other high-ranking representatives of 
national agriculturalresearch systems. Through this 
congress, we made additional contacts which will 
provide new openings for on-farm research and 
participationin national research planningactivities. 

The delegates reportedthat IITA's improvedvarieties 
of cassava, sweet potatoes, maize, rice, cowpeas, and 
soybeans are reachingfarmers in various parts of the 
tropics. After taking a criticallook at nur research,they 
were not bashful about telling us what we were doing 
rightor wrong. 

Also during the year (September-October), the 
Institutewas scrutinizedby an externalpanelorganized 
by the TechnicalAdvisory Committee of the Consultative 
Groupon InternationalAgriculturalResearch.Everyfive 
yearsthe mandatesandwork ofeach internationalcenter 
go through a "quinquennial review" which brings a 
wealth of scientificand research management expertise 
from different partsof the world. Some of the panel's 
recommendationshave been implemented already,and 
we will take action on others in the nearfuture. 

You will seefor thefirst time in thispublicationa brief 
update of our internationalprojects which foster close 
linkages with national and regional programs. At 
present, the number of these projects involving the out
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posting of IITA scientists to individual countries is 
relatively low because some of the projects have been 
handed over to national programs and others have 
achieved theirpurpose.Futureprojects, with emphasis 
on regionalcooperation, arein thepipeline. 

The Institute has started to expand its on-farm 
researchin collaborationwith development projectsand 
the newly established West African Farming Systems 
Research Network. Our scientists are combining the 
achievements of the farming systems and crop 
improvementprogramsintopackagesof new technology 
for this on-farm testing. 

Progressmade during ikeyear on biologicalcontrolof 
the destructive cassavamealybug was encouraging,and 
we are in the initialstages of developing and testing an 
African-wide project in cooperation with a number of 
nationaland internationalorganizations. 

We are aheadof schedule in meeting our objectives to 
make insect- and disease-resistant cowpeas availableto 
breedersin nationalprograms.The latest lineannounced 
thisyear combines resistanceto eightprincipaldiseases 
and two major insectpests. Likewise, improved maize 
and rice varietiesfor various ecological conditions in 
Africa were made availableto nationalprogramsin 1983. 
The new maize hybrids showed excellent resultsin trials 
despite drought conditions and a severe epidemic of 
maize streak virus. 

More detailson theseand other research advancesare 
included on the following pages and in our 1983 Annual 
Report which is availabletoyou on request. 

Ermond lartmans 
DirectorGeneral 
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Introducing a New Component ina 
Local Farming System 

fter listening to the results ofan exploratory survey in the 

Bida, Nigeria area by IITA agricultural economists 
which identified an untapped potential for growing 

early-maturing dry season cowpeas on recently harvested rice 

land instead of leaving it fallow, local farmers expressed an 
interest in participating in cooperative trials. They chose two 
farmers' fields - one at Yinti and the other at Gara --and the trials 

were conducted by the farmers in cooperation with the 

agronomy section of the Bida Agricultural Development Project 
(BADP). The Institute, through its Farming Systems Program, 
assists BADP to organize and develop on-farm trials and analyze 
the results. 

Both Yinti and Gara villages are in an inland valley area 

(fadama) where the land is still wet at rice harvest time in 

December. Although the rains stop in October, water continues 
to seep into the low-lying areas for a few months, thereby 

providing a substantial amount of residual moisture. 

In early January 1983, the Yinti farmer and his three sons 

prepared the land and planted four IITA varieties of cowpeas. 

(A total of eight plots were planted, two of each variety with a 

split along the contour of the site for two different spraying 

treatments by the BADP extension staf.) The cowpeas 

germinated eight days after planting, and the first harvesting was 

done in 68 days. They were ready a few days earlier, but harvest 

was delayed for a field day. 

Variety IT92E-60 (popularly known as a 60-day cowpea) 

produced the highest yield -945 kg/ha with three insecticide 

sprays and 764 kg/ha with no spraying (Table 1). The yields of 

this variety when valued at a net farmer price ofN I/kg compare 

favorably with cash costs, especially fbr a slack labor period 

(Table 2). Total cash costs, including seed and fertilizer at local 
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Fourdays after threshing 
his ricecrop, afarmerat 
Yinti, Nigeriaplanted 
short-seasoncowpeas 
insteadofleaving the 
landfallow. 

More than 200farmers 
and local officials attend 
afieldday to see the 
results ofplanting60-day 
cowpeas after rice an a 
farm at Yinti, Nigeria. 
Farmershave named the 
grain legume "Ezoworo," 
meaning new cowpea. 

Itj 



market prices and three spraying treatments, were figured at 
NIl0/ha. (NI = SI.50 U.S.) 

The cooperating fhrmer at Yinti reports that he has bcen 
besieged by requests fbr seeds from hirmcrs in the surrounding 
area, and he will continue to plant t(e crop in the 1984 dry 
season. 

In1a socio-'conomic context, tl l)roiluictiol of a crop of cry 
season cowpeas in a rice faClaia area such as Yini has these 
aclanitages: 

• It can bv grown dlii ring a slack labor period. 

• A highly nutriti)us and pre'li-rred fbod isavailable during time 
ofshort 	fbod supplie.s, all less local miolie has to be spent to 
)ring in large cuantities of'cowpeas from Sokoto Sti"e in the 
north. (Because cowpeas area familyimportant to their diet, a 
of eight will spend an average of about N150 per year to 
purchase them.) 

TABLE 1. 
Varietal characteristics 
and agronon-ic yield data ()hu''r'vd Yi'lkg/h, 
for short-season cowpea uI ag S1.1d iNi 

Ciwlii,
varieties from an on-
farm exploratory trial at wirivty 'olor sprity ;I%''rdaya swam, s gi" 

Yinti, Nigeria during the IT82E.60 68 whie 945. 764 854I 
dry season (1983). 

Yirld "l'lI :i.loj lMt'lNI ilI 
( : l ivl a :I %Iwar kgi bilit l, ('4141ly% 	 v thi' 


'
 SVaivi' kglha iaU-l , * tI,*i* N/hil, rllil 

IT82E-6O, 945 13.5 945 835 8,6 

TABLE 2. I1121.-1 .515 7.11 5 i I35 5.0 

Economic returnsfrom *Badria 70 man.da ohn lair. 
short-season cowpea **Baird.ih i oa/ipra 1t.I'llgane/fiur i.p"/ 

varieties in an explora- +.1iuing lhalonii /.%' lOl,40iI. hthol ianudh'd.I 1 m if laii'i 1110I 
tory on.farm trialat t+ Iai'uf u , air id'di/flitiiie: fail,,tf (.ltO). 

Yinti, Nigeria (1983). 

http:Baird.ih
http:IT82E.60


* Farmers 	 can market their cowpeas when local prices are 
highest and with the cash income hire labor for early land 
preparation and weeding. 

Unfortunately, the exploratory trial at Gara was not 
successful, largely because the cowpeas were planted too late - in 
early February instead of early January - and experienced 
considerable moisture stress. Low production did not justify the 
cash inputs. However, farmers involved in the Gara site believe 
that earlier planting on fields with better moisture conditions will 
give good yields. Farmers not only from Yinti and Gara but also 
from other villages ii, the area said they will plant the cowpeas as 
early as possible in 1984. Their eagerness to get cowpeas planted 
may strengthen their preference for early-maturing, higher
yielding rice varieties. 

The on-farm tests, organized around a farmiag systems 
perspective, are continuing in these and other locations to 
determine if a short-season cowpea enterprise may be applicable 
to fadama areas throughout Nigeria and West Africa where rice 
is grown during the rainy season. For the 1984 program, BADP 
plans to conduct about 30 on-farm tests at different locations. 

10 



According to a survey in 
Central Nigeria,farmers 
with low cash incomes
change their production 

plansmoreoftenthan 
those with higher 
incomes. Cereals, 
including maize, ranked 
as the top source of cash 
income for the low 
income farmers. 

Comparison of Changes in Production 
Plans by Low and High Income Farmers 

" orc fri'crs in 0entral Nigeria with low cash incomesIV I. nim products sold change their production plans firom 

Myear to year than those with higher incomes. This is 

one of' the fiindings from (Oitinmnous st udies of farming systems 
and inc'.omes designeod and coiducied to f*acilitate impllemen
tation of'adaptive research programs whichl involve farmers field 
activities and ma nagemn t decisions. I ITA, in cooperation with 
agricultural developumt projects and agricultural universities, 
has started oi-fai-rm adaptive research programs in various 
Af'rican ecological zones to accelerate fieedback processes and 
effcicnt technology transfier. 

To obtain suitabhe information fbr income estimates, staff 
members of theil lorin Agricultural l)evelopment Pro ject in 
Kwara State of Nigeria intrviewed 14 fIrmers in 1983 on all 
crops grown in Ihe research area and o cash obtained fir crops 
sold by individual fnrmers. Data were l)rocessed by I ITA 
agricultural economists with the Institute's computer and 
comparisons made of' farmers with difllrent income levels. 
Average annual cash earnings fi'om products sold totaled N 1,700 
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($2,550 U.S.); but the variation was high with a range from zero 
for farmers supported by their children to more than N10,000 
($15,000 U.S.) for farmers employing additional laborers for 
most of the farm operations. 

For a comparative study, incomes firom crops were ranked and 
the farmers grouped into fiv different levels; each group 
represented 20%) of the sample. It enal)ledl econiomists to search 
for variables relevant to income diffrences and prepare specific 
additional interviews on identified prol)'ms. Data on the 
changes in production plans concentrated on the last two years 
previous to the interviews not only to reduce the bias of seasonal 
fluctuations but also to fbcus on arable crops. (Free crops, of 
course, need longer peiods of planning 1)eftbre changes can be 
made.) The interviwers asked each larme'r which two crops he 
had increased and the two lie had decreased the most. 

'Ile proportion of farmers changing crop procluction isshown 
in Figure 1. In the research area, mixed cropping patterns 
dominate and change of one crop does not necessarily mean a

FIGURE 1. change in tle total cultivated area. Cowpeas, Ibr example, as an
Trends in crop additional crop in a sorghum-yam or inaize-cassava-\,egetable
productionfor low and 
high incomefarmerv in combination were left out in the mixture. Expansion of' yam
Central Nigeriaovi , a 
two.year period (1982-83). 

LOWEST INCOME SAMPLE HIGHEST INCOME SAMPLE 
0 50 100 0 50 100 

SorghumMaize

¥om
 
Cassava
 

Cowpeas

100 50 100 50 0 
% Farmers % Farmers 
increasing decreasing
production production 

% Not changing 
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Higher income farmers 
inthe survey increased 
cassava more than any 
other crop and marketed 
itfor processing in to 
flour and "gari"shown 
here in a market. 

1)10(l('tiOll, hi(JWVV(r. r(l'ttS 11ot Orl v to expansion of yam area 

bul t also to al increase of thc crops inwtrcroppe'd with yam. 
lxp)a sioi oi'okma1iaor cro) meant reduction of ani dher crop for 

luo0st finris ill t v lowest inconie group. liowev(r, filrmers in 

th( highe.st incoINIerotLf) were albl to (exparidth('ir total fu-ming 
area lv eml)loving labore'rs. used foi-omore Whey cash th(ir 
Imng-te'rm tree crops fir lal)(,r l)aym(.its ard had mnor. access to 
li-rtih land. 

Low incolri farmers increaspd iroduction of maize and yam 
Ir1or" thall an cICrops: the large'st d(ecreawse- was illcassaVl 

and coWl l'as. Most high income flirmers also dereased cowpca 

pr(ction but increascd cassava which )(,came for them the 

nl11tst illip{ortallt tul, r crop. It was narket(l fbr processing into 

two poplrar cassava products - "gari" andl flour. 

Avcrage anu inrarice fir tlC 20(',,of'fiarmcrs with the lowest 

incoivs was NI70 (S25.5 U.S.. ; th( higlhest 20"',, averaged 

N.I,,I00 S(,600 I'.S.). Major dillnr(I(',s existed in the 
importan'erta fiii ri(COri' sourC's lFigure 2). For the firirms with 

th( higher incomes, tree crops werv Nurmln(r on(. (Cocoa, 
colarrllut, oilpaIN, aid citrus ill th ficst area; locust be'an, shea 
bIutter tree. rnllegs, and ot her fruit trees in the savanna area). 
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FIGURE 2. 
Proportion of cashfrom 
agriculturalproducts 
sold by lowest and
highest incomefarmer 
groups in llorin (Nigeria) 

Agricultural 
Development Project 
(1983). 

IH 

Next in ranking came tubers, followed by cereals, vegetables, and 
grain legumes. For the lower income fhrmers, cercals were at the 
top, fbllowed by vegetables, tubers, and tree crops. Grain 
legumcs were of'minor importance. 

At prcse'nt, the results of' inte'rviews with Iriore than 2,000 
rlumers in 44 villages in thre-ce dilirent agro-climatic zones in 

Nigeria are being analyzed which will show regional dill't lerecces 
in fiarm incon sourccs, changcs in roduction lflihs, aill )ther 
iifbrma tion of'valu in esta blishiing priori ty dccisiolns for research 
strategies. This st ulvy, to be completed in 1984, is a coopcrativ'e 
endeavorI betwcen I ITA and the University of Nigeria at 
Nsukka. 

(31%)(20%): 

Others(3%)
Others (3%) Legumes(7%) 

Legumes (2%) 
LOWEST 20% HIGHEST 20% 

INCOME GROUP INCOME GROUP 



Developing Linkages between 
Researchers, Extension Workers, and 
Farmers in Cameroon 

esearchers, cxte.nsion workers, and fii'oer,'s havc be'ni 

brought to ltihcr in(amcr,,n through defifo 5 Okais 

unique "l'stingand Liaison Unit IIL' ofilie National 

Cereals Rvsarch and [xte'nsion !N(:REl,Pr ijct. This iole for 
TIL" is particuladrlv IeCauis' Ministry of"inil)OrtaIit tIIh, 

AgricIhur has the mandate r exteiNsionl and the iiistr1v of 
Higher lducatio, and Scientific Res.arch, is r.sj)otsiIl), fiw 

r(esear1ch. Since Ioth ohfisc .govrnilltag(..Icics are v.rtically 
structured, the flow ol'informanoti below the iinist.rial h is 
'cry limitc((. 

1IA began fhll-scale operations in 1982 as a cooperative 
projlct involvinig f'alrme'rs, Ministry Of'Agricultur, IfIstitUte of 
Agricul ural Rescarch (1RA), and IITA. Principal funding 

Or-farm rice trial in the 
North West Province of 
Cameroon. 
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Afarmer in Cameroon 
proudly shows samples 
of her maize from an on
farm trial at afield day. 
Many of thefarmers in 
the survey in the North 
West Province were 
women. 
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('01114s li-oi tih (m-'crimicni of*Camcro n and ilhUS. Agciuv 
for lim iLo1ailnol lUSAI). III its first two ycars, 
TIIA " hasd''' p' fil-Inri-g . S\,((Ils re..car-ch mtihodologics, 

i cltfr( trials with maiz(e and ricc, trainedrcn-alc-ch 

cxtctesio , agcnts, ancl ii -lpd impcintplan anti all agro-socio

(CoInoIIC survc'y. of failriilis. Ineach ofhtl.S( activiti s, the Unit 

has toirgecl communication linkages betweci researchcrs, 

vxtw.nsi(nIIwork'rs, anud fiarilIclS. 

"Illh(. \\'r,.i (4,a11cr on, (.1h.1racterized INyNorth Pro\'iiu, ill 

chains ofhioulitaijis ilitcr'l'lftel hce arid there. by vally.s, 

was chsCIl fo1r the agro-socio-ecoinonic; Stll'V'y . Illge¢iiral, the 

aIgriChlural s\'sl)s there lVlow tN iiatiral vgetati( e patttll 
with plantain and root and ttnbcr cnrop.s )rmdominating in the 



lowland wooded zones and grain and cattle farming in the 
savanna areas. Forty-eight field demonstrators (men and 
women) of the Ministry of Agriculture were selected to conduct 
the 330 farmer interviews between September and December 
1982, and the results were analyzed in 1983. (Many of the 
farmers in the survey were women.) 

The interviewers fbund that the farming systems in the North 
West Province --one of l0 in the country --are extremely diverse 
and complex, especially with referrence to cropping patterns. (For 
example, out of one sample of 40 fti-ns, 37 distinct maize-based 
cropping systems were identified.) 

Looking at averagc:s in the survey analysis, the fbllowing are 
some of the principal characteristics of the typical farmer in this 
province and his or her farming operations: middle aged (40); 
only fbur years of schooling; large immediate family (9); fbod 
crops grown mainly for subsistence and little income from sale of 
farm products; fallows the land (three years after 10 years under 
cultivation) ; does not use fertilizer on maize and plants it at less 
than recommended density; employs family labor for most of the 
farm chores; considers lack of farm inputs (capital, frti-rilizer, 
tools, etc.) as the major constraint to increasing production. 

The fi-edback of the results of the survey has provided 
infbrmation to phnt breeders, agronomists, goverument ollicials, 
and others to help them fbcus on farmers' real problems. 
Furthermore, some of the specific details uncovered on farming 
systems and cropping patterns will be useful for future on-farm 
trials which are expected to have a positive impact on many 
farmers' fields in the province. 
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Forest land cleared with 
heavy machinery and the 
trees windrowed and 
burned;theshearblade 
(inseL) was the mostSolr 

desirable hod of 
clearing when allfactors 
were considered. 

Land Clearing: Costs and Changes in 
Soil Properties 

L atrgt areas of'forest land in the tropics aev lwinig cl'ared at 

an incre'asing ralt frarable crop )rodu(tion, anld ia malor 
)roportioi of it is be.ilig dolic wilh heavy Ilacitiiry. 

AlthoIugh niaial clrilig is (s. disrutivwe to soil structurc, it is 

slow alid Ilss eflicicnt aind in regions with a shortagc ofhir-ld labor 

can be more costi l than irechanical clearing. Tiherefore, 

resealch Into imechaiiical rnmetllods of laid (clearilig which result 

ill tile lcast alteration (If'soil hlysical ])roprtlits is of' major 
illipol'laiwc. 

I;fli.cts of foultr lnclliods of land charilig oil Ill.e soil piysical 

propirtis ol'ain AlfisoI wlre a.sced during 1983. MiasUl'riclits 

wre also made oII ar iiclvarcd area. 

Thc experirnettal sine was cleared during the 1982/83 dry 

18I 



First maize crop after 
land clearing. 

season (December to February) and changes in soil physical 
properties monitored duringJanuary and March 1983. 

The land clearing methods used were: 

* 	Manual chearing fIlowcd by in situ burning. 

0 Crawler tractor with fi'ont-niountcd shearhlade. The trees 
were cut off at ground level and burned in windrows. 

* Crawler tractor with a f'ront-mounted treepusher, fillowed by 
in situ burning. 

* 	Crawler tractor with a front-mounted treepusher, fbllowed by 
a crawler tractor with a front-mounted root rake. The trees 
were windrowed and burned. 

Each of the land clearing treatments was either cropped with 
a iaize-cowjea sequence or 1,llowed with a Afacuna utilis 
planting ill April using the no-till system. Weeds were controlled 
on the fallow plots by the application of roundup and in the 
cropped plots by applying paraquat and atrazin. Fertilizer was 
applied to maize at a rate of 45 kg N, 45 kg P, and 45 kg K per 
hectare as a single application of 300 kg/ha of 15-15-15 at 
planting. 

Soil physical properties measured were soil bulk density, 
penetrometer resistance, water retention, saturated hydraulic 
conductivity, total porosity, and infiltration characteristics. Root 

growth was monitored at three and seven weeks after emergence 
fbr maize, seven and 20 weeks after enrgence in macuna and 
four weeks afthr emergence in cowpeas. 

Mechanical clearing increased bulk density, penetrometer 
resistance, and proportion of medium-sized pores (2-14.3 pm 
radius), and decreased infiltration rate, cumulative infiltration, 
saturated hydraulic conductivity, total porosity, and proportion 
of macropores ( > 143 jtn radius) (Table 3). Soil water content 
at a potential ofO kPa i as significantly reduced but increased at 
potentials of' - 10 and -33 kPa (Figure 3). 

In comparison with the forested control, ,.ie magnitude of 
changes in soil physical properties was in this order: manual 
clearing < treepusher > shearbliade = treepusher/root rake. 
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TABLE 3. 
Effect of land clearing 
methods on soil bulk 
density (0-10 cm depth 
intemal) and cumulative 
infiltration (1983). 

-

. 

V" frum 22

1445 

Although the differential eff(cts of land clearing methods on the 
soil were reflected only in the initial pattern of m,.ize root growth 
(luring th, seedling stage (Figure 4), it was suflicient to affect 
grain yield. Root growth of mrnicuna and co'elas wits not 
affected by the changes in :,oil physical properties. 

In summary, manual clearing caused the least soil 
compaction. Us.. of the treepusher alone was the least severe of 
the mechanical clearing methods, but it left the soil surfice very 
uneven. Considering all factors, clearing with the shearblade was 
the most dcsirable method ofmechanical clearing. In cases where 
costs or shortages of labor preclude the manual clearing method, 
clearing with a shearblade or treepusher without the root rake is 
suggested as a viable alternative. The root rake and root plowing 
were the most harmlul techniques in terms ofsoil compaction and 
scraping the fi-rtile suriace soil to windrows. Therefore, these 
practices should be avoided. 

Beneficial eflicts of the mucuna fallow in reversing the soil 
degradation which fbllows mechanical clearing depend on the 
fallow duration. However, it may be uneconomic to put all the 
land under a mucuna fallow immediately after a heavy 
investment for land development. One option would be to plant 
part of the land under macuna fbr its long-term value fbr soil 
firtility and continuous cropping. 

Studies by agricultural economists showed that the cost of' 
macuna cultivation totalled approximately S165/ha. Land 
clearing by the shearblade was the least expensive and fastest of 
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the four methods. It took less than two hours ofmachine time and 
about 19 man-days of labor input per hectare. In contrast, the 
manual method used 201 man-days of labor input, and with 
hired labor it was at itast fbur times more expensive than the 
shearblade, 

The gross crop value (maize + cowpeas) of the manually 
cleared area was the highest ($2,284/ha) flllowed by th area 
where the shearblade was used ($2,150/ha). The returns reflect a 
bumper first season maize crop and a drought-aflcted poor 
cowpea crop in the second season. 
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FIGURE 3 (left). 
Effect of land clearing 
metl.ods on soil-water 
retention characteTistics 
for the 0-10 cmn depth. 
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FICURE 4 (right). 
Effect of cearing 
methods cn routgrowth 
of naize. 
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Nutrient and Water-Use Efficiency by Crops 

H ighly weathered upland soils in the humid and sub
humid regions of tropical Africa arc characterized by 

Hlow nutrient and water-holding capacities. Low clay 
activity and the rapid turn-over of organic matter in these soils 
arc primarily responsible Ibr the low nutrient reserve, and the 
dominance of large pores (transmission pores, >50 IA) 
throughout the soil profile is among the major reasons fbr the low 
available watt'r-holding capacity. 

That combination of soil factors, together with high rainfall 
intensity and frequent dry spel!s during the cropping season in 
the subhumid and bimodal rainfall regions, oft .n result in rapid 
changes in both nutrient and water supplies to crops. Such 
changes may afrect their normal growth and nutrient uptake. 
Thus, a better understanding of these relationships is of 
fundamental importance to improve fertilizer and water-use 
efficiency. 

In collaboration with the Buntchof Agricultural Research 
Station and the G'rman Agency for Technical Cooperation 
(GTZ), iwo experiments were established at IITA by soil 
scientists in 1983. The first one was conducted on an Alfisol (Oxic 
Paleustallf Egbeda Series) with maize planted in the first season 
(April--July) and cowpeas in the second season 
(August- November). The seond experiment was established on 
a coarse-texturcd Entisol (Psammentic Ustorthent, Apomu 
Series) wh:-rT maize and cowpeas were grown in rotation 
between seven-year-old alleys of Leucaena leucocephala shrubs (4 m 
spacing) in an alley cropping system. Soil solution probes and 
tensiometers were installed in the cropped fields at 10 cm depth 
interva'; to monitor the changes in soil moisture content and 
nutrient concentration in soil solution as a Function of time 
duing the cropping period. 
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Grown in Highly Weathered Soils
 

Although the rainy season started late in 1983, the fields 
received a good distribution of rain during the crucial months of 
the growing season (May-June). Grain yield of maize was 4.3 
t/ha in unfertilized plots and 5.2 t/ha in fertilized plots with 120 
kg N, 60 kg P, 100 kg K, and 30 kg Mg per hectare. 

Results from soil solution analysis showed that the bulk of the 
nitrau- and potassium was fbund in the top 30 cm of the soil and 
their c ncentrations dropped to very low levels by the middle of 

Monitoringchanges in 
soilmoisture and taking 
soilsolutionsamples ina 
maize plot. 



FIGURE5. 
Nitrateandpotassium 
concentrationsin soil i 
solutionin an Aifisol at 10 
JITA (Ibadan,Nigeria)at 
different times of the 
growingperiodof maize. 

(a) Growth curve of 
maize. Coloredpoints 
on thegrowthcurve 
indicatethe, growth 0 My Jun Jl Ag 
stageat which the 0 
respectivenutrient 
concentrationswere 
determinedas a 
function of time. 

(b) Nitratecon
centrationsin an 
Alfisol under maize. 
It declinedrapidly to 
very low levels during 50 
thefirstha f of the 
growingseason. 0 

(c) Potassiumcon
centrationsin an 
Alfisol under maize. It 
behaved in a zimilar 
fashionas the nitrate 10 
concentration,but the 0 20 400 
low solubleK content 
below 20 cm depth 
indicatedrapid 

0 
0 

NO3 -N in soil solution (pprn) 

uptake by theplant 
andthe absence 
of downward 
movement. 
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the growing season when only 60% of the final dry matter yield 
had been produced and the grain filling had just begun (Figures 
5a, b, and c). Unless the crop is capable of accumulating an 
excess amount of mineral nutrients in the early stages of growth 
which can be redistributed during the later stages, additional N 
and K would have to be supplied. This is particularly true for 
soils with a low exchangeable K pool and where the rate of 
mineralization of soil N is at its minimal level toward the end of' 
the first cropping season. 

Moreover, if the period of low nutrient supply should coincide 
with the period of low soil water conten., the situation would be 
further aggravated. This is an important factor limiting growth 
and yield when cultivating crops with high nutrient demand but 
with shallow-rooting systems, such as maize and upland rice in 
highly weathered soils under erratic rainfhll. 

There was some downward movement of nitrate in the soil 
during mid-season after 410 mm of rain (Figure 5b), but leaching 
was at a slower rate than expected in the well-drained, newly 
cleared Alfisol. Similar changes in No3-N and K were observed in 
the Apomu soil, although the concentrations were much lower. 

Changes in the soil moisture profile during the growing season 
are shown in Figures 6a and b. In the Egbeda soil under maize 
mono-culture, there was only one moisture depiction zone above 
50 cm (Figure 6a). Water content in the subsoil horizons (80 cm 
and 100 cm depth) remain,'d relatively high throughout the 
growing season. 

Soil solution probes and 
tnsiometer installations 
in an experimentalfield 
at IITA. 



FIGURE 6. 
Development of soil 
water suction patterns 
under two different 
cropping systems 
between two rain storms. 
High suction (in 
millibars)means low soil 
water content. 
(a) 	Under maize mono

culture, water 
extraction was only 
from the top 50 cm of 
the soil. 

(b) 	 Two separate 
maxima developed in 
the alley cropping 

field with maize as 
the crop plant and 
Leucaena leucorephala as 
the tree species. The 
water extraction 
maxirum at 70 cm 
war due to the root 
activity of leucaena; 
the upper maximum 
was caused by maize. 

Under maize-leucaena alley cropping, water extraction 
patterns indicated no competition between the two crops (Figure 
6b). The tensiometer readings showed that there were two zones 
ofwater depletion or uptake by plants: the first zone occurred at 
a depth between 0-40 cm which could be attributed to the root 
activity of maize; the second one between 70-90 cm was 
apparently caused by the water use by leucaena. Lower water use 
by maize in the Apomu soil than in the Egbeda soil was due to the 
late planting in the former field. 

An important feature of these soils is the high proportion of 
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macro or transmission pores (> 501L diameter) and low available 
water-holding capacity. The transmission pores in the Apomu 
soil make up approximately 40% of the total soil volume and the 
available water content is in the range of 7 to 100%- equivalent to 
the percentage of storage pores (0.2-50 p diameter). Trans
mission pores in the Egbeda soil make up about 34% of the total 
soil volume, and the available water content is in the range of 10 
to 16%. The high proportion of transmission pores is responsible 
for rapid infiltration and good aeration in both fields after a 
heavy rain storm. However, this may not be the case when the 
same soil has been under continuous cultivation of annual crops 
with heavy equipment. 

After a heavy rain (50 mm within 2 hrs.), soil moisture tensions 
as low as 20 to 30 millibar (mb) were recorded, but the 
corresponding water content in the Apomu and Egbeda soils was 
in the range of only 12 to 15% and 15 to 18%, respectively. This 
indicates that a large proportion of the pore space (transmission 
pores) is still air-filled. 

The low water-holding capacity of the soil and the rapid 
drainage of excess water through macro-pores allow only a small 
part of rain water to be used by the crop. Therefore, adequate 
growth and yield depend upon a frequent soil water recharge. A 
possible solution to increase nutrient and water-use efficiency 
would be a careful adjustment of the time fbr fertilizer 
application, time of planting, and the selection of deep-rooting 
varieties of maize and upland rice that can use the subsoil 
moisture more effectively during dry spells. 
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TABLE 4. 
Effect of Se.ibaniarotlrala 
prunings and urea on rice 
yield (kg/ha) in a 
hydrmorpuic soil at 
JITA. 

Potential of Sesbania rostrata as a 
Nitrogen Source inAlley Cropping 

r" o maintain and improve soil productivity in fragile 

tropical soils with low inputs, IITA scientists have 
.. evaluated over the past few years several small trees and 

shrubs (usually legumes with nitrogen-fixing ability) as 
substitutes for traditional bush fallow. Field testing of a fast
growing annual shrub (Sesbania rosirata) in alley cropping with 
rice in a hydromorphic site at IITA in 1982 and 1983 has 
revealed its benefits as a source ofrii,rogen (N) fbr improved rice 
yields. 

In the rice yield analyses, Sesbania prunings distributed evenly 
between rows oi rice were almost equivalent to 120 kg N/ha 
applied as urea (Table 4). Also, the shoot N content of the rice at 
harvest time was 38% higher in plots that received the prunings 
compared with those that did not. This indicates that if rice 
residues were left on the land after harvest, an alley cropping 
system using S. rostrata as hedge plants would also maintain a 
better soil nitrogen status. 
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Above, the fast-growing 
annualshrub, A',emania 
rtimala, at apt early stage 
in alley cropping with 
rice.Because of its 
nitrogen-fixing ability, 
the shrub helps to main-
tain a better soilnitrogen 
status;right,A. u tm/a is 
uniquefor its profuse 
stern nodulation. 

'.r.rata thrivcs as a wccd ii waterlogged soils in Nohrtein 

Afr'ica and has goodif re'growtl ability after cutting. It also is 
tui Uct fior its lpro'usc stern (lodulation with 4,000 to 5,000 

3 
0tllhs t . -m1.Ic|" high swil col',arcd with hcss than 50 

dtlhlS usuiSlV 161111d Oil Ihe roots of this and most othcr legumcs. 
Stern and root ntodulatiou occurtetd fel'c] illtie field wh'en 
unsterilized seeds were sown at Ouine, Ibadan, and I'ashola, 

ona 11c aaadFsoatlseiidS..INigeria, with peak nodulation at the podding stagc. 

Illihe's( rcilouses, stemin lodtiles werl Iimited to tlie crown of, 

thelplant, probably because ofthc abselnce of'pod bugs. Howver, 

1)0 dtlsc stcm nod tila tioll occu 'rcd when S. ro. tata was sprayed 
with pure ctlurcs of thlappro)riatc Rli.hit.'n and with w;ter 
slspenisiolis of eitllr niace'llratd stel . odules or soils from 

Nigeria. 
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Maize production under 
the no-tillage system at 
IITA (1983). Effect of 24 Maize Crops on Yields andSoil under No-Till and Plowed Systems 

Srapidhclind ill th physical, chemical, and biological 

(Itiflitics of li'agile tropical soils uIlmh't colitilinthis 
cultivatiol is a major rcason firmers practice shifting 

cultivationi in the humid tropics and leavc the land fatlhw for long 
Ix-riods. 'll(-relative duration of the cultivation andc: fllow 
phases (lcpcils oil when crop yields declini below an ecolomic 
le'val and oil ithe itin ict-ded to restore soil productivity. "lhc 
cultivation phase is shorte.ned whevn productivity dccliics rapidly 
with normal cultural practices. Because of this, an interaction 
Ixetweeii the soil prop-lrtics and tle (tilturiial praciic s govcrns tle 
rclativc lenzgths of'the cultivation and the. lialow phascs. 

Ihc nnlst desirable cultiiral practices and croppilig/firiiing 
sy'stcls are those that (iabh'le a soil to bc eultivated colitinoiisly 
with positivc ecoliouiic 'cturns ald without causing a sv'er 
decline iii soil quality. Cultural practices that pre.scrve' a 
flvorable soil/crop/climlate balancc during cultivation, similar to 
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FIGURE 7.
 
Maize yields over 24
 
consecutive crops under
 
a no-tillage system 

compared witha 

conventionally plowed 

system. 


that which exists during the fallow phase, will allow continuous 
cropping without a severe decline in soil quality. 

A long-term study (1971-83) on no-tillage with crop residue 
mulch shows that this farming practice, which does not involve 
mechanical soil disturbance, can maintain economic yields of 
grain crops (such as maize) without causing a severe decline in 
soil productivity. Maize yields with the no-tillage system, based 
on an average of 24 consecutive crops (Figure 7), have been 
higher than those obtained under the conventionally plowed 
system. The fbllowing requirements, however, must be met fbr 
the no-tillage system to be efkctive: 

* 	An adequate amount of crop residue mulch. 

* 	Minimal soil disturbance. 

• 	Favorable soil structure befbre initiating the cultivation phase. 

* 	Not using farrn equipment which could lead to soil 
compaction. 

• 	Adequate and timely weed control. 
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TABLE 5. 
Effects of tillage methods 
on properties of the 
0-5 cm soil layer after 
growing 24 consecutive 
crops of maize. 
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Ifall requirements of the no-tillage system are met, grain crops 
can probably be grown on a continuous basis with only periodic 
short-term fhllows of appropriate grass/legume cover crops. 
Besides Iavorable yield returns with comparatively low inputs, 
the no-tillage system minimizes :oil erosion and maintains better 
soil structure and chemical properties. 

The data in Table 5 compare the mechanical and chemical 

properties of the 0-5 cm soil layer after growing 24 consecutive 
crops of'maize with no-tillage and conventional plowing methods 
of'seed bed preparation. The soil pH in no-tillage plots was about 
one-half unit more than that of the plowed treatment and 
contained 17% more organic matter, 92% more nitrogen, 850/ 

more Ca**, 3.13 times more Mg**, and 3.31 times more K*. 
The CEC was almost double that in the plowed soil. 

High organic matter content and favorable soil structure allow 

the no-till soil to retain more available water in the root zone 
than soil repeatedly plowed. Figure 8 compares the moisture 
retention characteristics of the surface soil from plowed and no
tillage treatments. The surface soil from no-tiliage treatments 
retained more water than that from plowed land and during 
periods ofdrought stress crops in plowed plots wilted two to three 

days earlier than in no-tillage. 
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Plowed soil is very susceptible to surface sealing. The 
impacting raindrops from an intense rain break up structural 
aggregates and the surface soil develops a semi-impe-rmeable 
crust that imlpedcs water and air movement. Th oxygeli 
diflusion rate in the no-tillage Soil with mulch and in tie 
conventionally plowcd soil was masured to be 0.588 +0.1,10 
anti 0.417 + 0.(28 j g cm ,2rin', respet.ctively. ''lw develolpment 
of surfice crusts also rest;ricts watertn try inte; tlie soil. 'l'ledata 
on infiltration (Figure 9) siow the equilibriunm iniiltration rate 
was 18 and 48 cn per hour fin plowcd and no-tillage soil, 
respectively. As a result, water runoff and erosion are 
considerably nore 1br plowed than for no-tillage soil. 

FIGURE 8 (left). 
Moisture retention 
characteristics of the 
surface soilfrom no-till 
andplowed treatments. 

FIGURE 9 (right). 
Water infiltrationrate 
under no-till andplowed 
treatments. 
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FIGURE 10. 
Soil temperature changes 
at 14.00 to 15.00 hours 
with and without 
.AIluruna illis in-situ 
mulch in dry and early 
rainy seasons. 

Effect of In-Situ Mulch on Soil 
Temperature and Maize Producton 

igh temperature during germination and early growth 

often causes poor crop establishment in the tropics. 
Mulching with plant residue is an effective means of 

keeping soil temperatures below levels detrimental to crops, but 
coiventional methods of mulching with plant materials are not 
economical with field crops, especially in large-scale production. 
The5 in-situ mulch technique, in which the mulch isthe residue of 
a previous cover crop, appears to be an economically feasible 
method that could be used to prevent high soil temperatures and 
ensure good crop establishment. It is, of course, only feasible 
under a no-tillage system. 

The effect of in-situ mulch fiom the cover crop Mucuna utilis 
was measured on a field that had been kept fallow under the 
cover crop during the previous year. The control (no-mulch) was 
created by removing the mulch. The effects of four levels of 
applied nitrogen were also studied. 

Temperature differences between mulched and unmulched 
plots were not markedly different for readings taken between 
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08.00 and 09.00 hours but were markedly different for readings 
taken between 14.00 and 15.00 hours with bare plots having 
higher temperatures (Figure 10). 

Emergence of the maize in both unmulched and mulched plots 
was good, but subsequent growth, as measured by plant height, 
was retarded in the unmulched plots (Figure 11). As the rainy 
season progressed and the maize canopy shaded the soil, 
temperature differences became less distinct. Plant height 
differences also became less and at tasselling the differences were 
not significant. Yield differences between mulched and 
unmulched plots were not significant at low nitrogen (N) 
treatments, but at 60 and 90 kg/ha N with mulch they were 
significantly better than mulched and unmulched treatments 

Maize height (cm) 

inBare 

Mulched 

40.0 

30.0 

20.0 

10.0 

FIGURE 11. 
Maize plant heights as 
affected by in-situ mulch 
and levels ofapplied 30 I 90 
nitrogen (N) at 22 days 0 30 60 90 
after planting. Nitrogen applied ( kg/ho) 
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Maize growingunder in
situ .lucuna utili mulch 
(left) and no mulch 
(right)fourweeks after 
planting. 
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without added N (Figure 12). The trend: suggest that in the 
favorable root environment created by in-situ mulch N utiliza
tion was more efficient. 

In tile tropics where high soil tempcratures and irregular rainfall 
adversely affect crop establishment, soil temperature suppression 
and soil moisture conservatioh through in-situ mulch should 
improve crop estalblishmcnt, carly growth, and yiclds. The 
production of mulch in-situ from Al. tifis is potentially a 
mulching technique for small and large scale proluction, and it 
can he used with dillierent types of no-till planting equipment. 

Maize yield (t/ha) 
6.0 

With in-situ mulch 

5.0 

Without in-situ mulch 

4.0-
FIGURE 12. 
Maize yield response to 
applied nitrogen with and 
without in-situ mulch. 
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Disease Resistant Maize Varieties for Mid

aize streak virus (MSV) is widely spread throughout 

Africa and causes severe yield losses in the lowland 
humid and savanna areas, as well as in the mid

altitude ecologies (1000-1800 m). 

The first international trial with streak resistant maize 
varieties adapted to the lowlands of Africa was conducted last 
year (Research Highlights, 1982). However, these varieties are not 
adapted to the mid-altitude ecologies of Eastern, Southern, and 
Central African countries because of the different climatic 
conditions and the presence of not only MSV but also of two 
other major foliar diseases-- highland blight (H.turcicum) and rust 
(P. sorghi). The latter two do not occur in the lowlands. 
Devloping varieties resistant to the three diseases is important 
because the mid-altitude ecologies are the best potential maize 
growing areas on the continent. 

To maintain the adaptation and disease resistance of the mid
altitude germplasm and to introduce streak resistance, IITA 
scientists collected the best available maize varieties and hybrids 
from Eastern, Southern, and Central Africa and crossed them 
with a streak resistance source. The resultant progenies were 
bulked together to form a new maize population -TZMSR. It is 
late maturing with white grain color preferred by consumers in 
many countries in Africa. A combined half-sib and S, selection 
breeding procedure was followed for a number of generations, 
screening the materials fbr streak resistance under artificial 
infestation at lbadan, Nigeria and fbr the highland blight and 
rust resistance in Riyom station near.jos (1300 m above sea 
level). 

By 1982, when a good level of resistance to streak and the 
highland blight and rust was achieved, 250 full-sibs were 
produced and distributed for the first international progeny trials 
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Altitude Ecologies in Africa
 

Progeny trialperfor
mance ofTZMSR - a 
mid-altitude streak 
resistant maize variety 
in Zambia. 

Blight resistant maize 
(left) and susceptible 
plants (right) in afield at 
Jos, Nigeria during the 
development of TZMSR. 

in Zambia, Zimbabwe, Cameroon, and Nigeria. The adaptation 
and resistance to the highland foliar diseases in all the test 
locations were very good. Mean grain yield (7.8 t/ha) was similar 
to the mean of the best local checks (7.7 t/ha), but the average 
yield of the selected families in the four different locations was 
9.9. t/ha - 29% higher than the best check (Table 6). 
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TABLE 6.poplad 
Mean grainyield (t/ha) of 
250full-sibfamiliesfrom 
mid-altitudestreak 
resistant maize 
population 7ZMSR-W 
tested atfour locations 

(1982/83). 

Based on these trials, six experimental varieties were 
developed by recombining the 10 families selected for yield 
performance, short plant type, and] maturity. These varieties are 
now included in the 1983/84 International Mid-Altitude Streak 
Resistant Experimental Variety Trials (E'VT-MSR) offered by 
the I I'FA/CI MMY'I' African Maize Program. 

An additional streak resistant variety, EV 8344-SR(BC,), is 
also included in the trials. It was developed b)y the .joint 
CI MMYT/IITA work on streak resistance by converting an 
experimental variety from Population 44 (A.E.I). x Tuxpcno) to 
streak resistance by hackcrossing procedures. 

Hybrid maize varieties are widely used in Eastern and 
Southern Africa. II'A has initiated a streak resistant inbred line 
development program fbr the mid-altitude ecology. 
Approximately 500 lines are presently at th(e S:istage. Advanced 
lines will be available to national programs fbllowing combining 
ability tests and further selection for adaptation and disease 
resistance. 
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Part of t he harvest of a 
maize agronomy trial in 
North Cameroon. JITA 
variety TZPB produced 
over 7 t/ha when planted 
in mid-June. In 
palatability tests, 
farmers preferred this 
soft white variety over a 
widely grown yellow 
variety. 

Potential for Increased Maize 
Production inCameroon 

B cause of more fiavorable rainfil distribution and higher 

solar radiation during the growing season, the sublhumid 
savanna regions of' West Africa are better tood grain 

producing areas than the humid forest zones in the South. This is 
particularly truC in areas with sUllicient rainfall and mono-modal 
d ';triohm ),. In such an area in Cameroon, scientists from the 
IITA/l RA Cameroon/USA ID collaborative project on national 
cereals research and extension (NCRE) achieved commendable 
results in 1983 in maize, rice, millet, and sorghum improvement 
through testing and evaluation of improved crop varieties and 
cultural practices both on fitrmers' fields and on research stations. 

The NCRE project picked up Gusau TZB 81 as a promising 
maize candidate for the 1983 National Variety Trial and 
compared it with 17 other selected varieties from Cameroon, 
other African national programs, CIMMYT, and I ITA. This 
trial was grown at eight ditlrent lowland locations in Cameroon, 
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-
Drying maize variety 

TZB along the roadside 

after the harvest. 

and across these locations Gusau TZB 81 was the highest yielding 
variety producing 7.5 t/ha - 61 % above the local check and 24% 
over the trial mean. 

Because this variety showed high yield potential in Cameroon, 
the NCRE team plans lrther testing of it in large-scale 
agronomy trials during the 1984 crop season. After that, it will go 
into on-farm demonstration trials operated by NCRE's Testing 
and Liaison Unit. (This variety also perfbrmed well in tile 
savanna areas of Northern Nigeria, and, because of the 
encouraging results in both countries, IITA scientists have 
initiated a "conversion" project to incorporate streak resistancein it.) 

Maize yields in a large number of trials in North Cameroon 

near Garoua ranged from 6 to 8 t/ha fbr all three varieties tested -
TZPB, TZB, and Poza Rica 7843. These yields were achieved 
even though total rainfall during 1983 was 30% below normal. 

Palatability tests conducted through the Cotton Development 
Authority (SODECOTON) indicated that farmers in the area 
strongly prefirrred thc- soft white maize vaiiety TZPB to the 
yellow maize variety Samaru 123 which is widely grown by 
SODECOTON farmers in the area. The Authority has 
requested the Cameroon National Seed Production Company 
near Garoua to produce sufficient TZPB seeds to be distributed 
to farmers fbr the 1984 cropping season which would amount to a 
total maize planting ofapproximately 2,000 hectares in the area. 

Results from agronomic trials clearly showed that high grain 
yield can be achieved by timely planting, adequate nitrogen 
fertilization, and suitable crop rotation. Time-of-planting trials 
conducted ny NCRE agronomists at two locations (Sanguere 
near Garoua and Tchollir) demonstrated that with early 
planting in mid-June the IITA maize variety TZPB produced 
over 7 t/ha. Yields declined steadily when dates of planting were 
later than the third week ofJune (Figure i3). 

Results from a cropping systems trial conducted at a substation 
of the Institute of Agricultural Research (IRA) at Sanguere 
showed significant contribution of soil nitrogen (N) when maize 
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FIGURE 13. 
(Below left). Maize grain 
yields of lTA variety 
TZPB recorded in time-
of-planting trials in 1983 
at Sanguere and 
Tocholliro in North 
Cameroon. 

FIGURE 14. 
(Below right). Respos.se 
of maize go nitrogmn 
(urea) applicatio in two 
cropping syster gs at 
Sanguere in A'Narth 
Cameroon /983). 

Maize grain yield (TZPB, t/ha) 
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7 --7 300 

was planted after groundnuts, but when planted after cotton 
more nitrogen fertilizer was required to obtain a similar high 
yield (Figure 14). This suggests that a rotation system of maize
groundnut-cotton-groundnut-maize would be more profitable 
than continuous maize or cotton for the SODECOTON farmers 
in North Cameroon. Moreover, the ,ancly, poorly buffered soils 
(mainly Ha 

I plustait derived fiom sandstones) may be easily 
acidified under continuous fertilizer use. 

Maize grain yield (Poza Rica 7843, t/ha) 
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Developing Hybrid Maize for the Nigerian
 

igeria produces about 1.5 million tons of'maize annually 

on 1.7 million hectares, but this is not sufficient in view of 
the popularity of maize as one of the main staple cereals 

for consumers and the rapid expansion of the poultry industry. 
Approximately 900,000 tons ofyellow maize is required annually 
fbr chicken fliecl, and most of it is imported. In addition, maize 
can be a basis for local industrial )rocuction ofoil and sweeteners 
to further decrease the need for imports. 

Many large-scale fhrms were put into operation ;i recent years 
to increase maize lprodlUction. Also, the Federal Government of' 
Nigeria began to support a special project for hybrid maize 
development in 1982 under its "Green Revolution Program." It 
was based on I ITA's hybrid maize project started in 1979 with 
the objective of developing inbred lines with high combining 
ability and adaptation to tropical stress conditions and resistance 
to the major African diseases. With the assistance of the Nigerian 
special project, research on hybrid maize was intensified. 
Scientists focused on developing hybrids adapted to the savanna 
zone -- the best potential area for maize production in the 
country. 

During 1982, maize breeders tested a total of 1,000 inbred lines 
for combining ability with the best available open-pollinated 
varieties. Crosses were tested in different locations. At the same 
time, the adaptability, vigor, and disease resistance of the linesper 
se were tested in the same locations. Based on these trials, 73 
inbred lines were selected and used to produce about 400 
experimental single cross hybrids during the dry season of 1982. 
The hybrids were 'b-divided into sets of 25 entries each, 
including the two best available open-pollinated varieties as 
checks. A total of 26 sets were prepared with 21 (12 white and 
nine yellow) adapted to the savanna and five (two white and 
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"Green Revolution 


converting highlyc 

potential but unadapted 
inbred maize linesfrom 
the U.S. corn belt (left) 
into adaptabletropical 
inbred lines (right). 

Program"
 

three yellow) to'the forest zone. Each set was planted at several 
locations in 4-row plots with four replications. 

The 1983 cropping season was badly affected by drought, 
especially in the savanna area. (Only 60"', of average annual 
rainfall, and the rains had ceased beftre the end of September.) 

Despite drought conditions, yields obtained in the hybrid trials 
were high. Hybrid 8322-13 yielded an average of 9.1 t/ha across 
fbur savanna locations with a range of 8.8 to 10.6 t/ha ('Table 7). 

45 



Also, this hybrid was high yielding (7.6 t/ha) at Ikenne -- a 
representative site of the forest zone -which indicates its stability 
across locations (Table 8). 

The highest yield of 12.1 t/ha was obtained at Samaru with the 
hybrid 8324-18. This is the highest yield recorded so far under 
experimemal conditions in Nigeria. 

Most of the hybrids are resistant to the major lowland diseases 
such as maize streak virus, rust, and blight. The excellent 

Lateyellow hybrid maize performance of the hybrid trial was especially noticeable against 
harvestedin Funtua, the background of a severe epidemic of maize streak virus in 
Nigeria(1983). farmers' fields all over the savanna area. 

Maturity Av. grain Yield Yield 
grain yield ranges index* 
color Hybrids (t/ha) (t/ha) (%) 

8322-3 7.8 6.3- 9.3 136 
8323-14 7.5 6.1- 9.6 133 
8326-16 8.3 7.6- 8.6 129 
8321-18 8.6 5.8-11.1 128 
8321-17 8.6 6.6- 9.9 128 
8321-21 8.5 6.4-10.0 128 

Late yellow 8330-16 7.4 5.7- 8.4 137 
8329-23 7.9 6.2-10.4 134 

Intermediate white 8338-4 8.3 7.0-10.4 164 
8338-2 7.3 5.1- 8.9 149 
8346-1 6.7 4.5- 7.8 152 
8346-3 6.6 5.3- 7.7 150 

Intermediate yellow 8341-6 8.1 7.5- 9.1 148 
8340-21 7.0 5.0- 8.0 146 

8340-23* 6.9 4.1- 8.1 140 

TABLE 7. 8341.5 7.5 5.9- 8.9 138 
A summary ofselected *.I.erage of the two checks was used to calculate the yield index for a better comparison 
maize hybridsfor beteen hybrids of different sets. 
savannaareasin Nigeria * *Selected at both savannaandforest areas. 
(1983). 
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A large-scale commercial 
maize farm in Nigeria 
showing the beginning of 
a streak epidemic which 
spread infarmers'fields 
all over the savanna area. 
Most of the hybrids 
tested in 1983 were 
resistant to maize streak 
virus. 

Twenty-four hybrids were selected for further testing and 
demonstration in 1984 in farmers' fields over a total area ofabout 
100 hectares. Seeds were being produced during the 1983/84 dry 
season, and plans call for the production of 100 tons of hybrid 
seed in the 1984 crop season for 5,000 hectares of commerciai 
maize production by Nigerian farmers in 1985. 

Maturity 
grain 
color 

Late yellow 


Intermediate yellow 


Hybrid 

8326-17 
8326-16 

8329-22 
8329-15 
8340-23 
8341-12 

TABLE 8. 
Selected maize hybrids 
for aforest area in 
Nigeria (1983). 

Grain Yield 
yield index 

(t/ha) , 

7.0 149 
7.0 148 

6.6 153 
6.1 142 
5.5 157 
6.0 152 
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Close-up of Striga 
infestation (withpink to 
mauve flowers) at the 
base of maize plants. 

Combating Striga Infestation in Maize 

S evere localized infestation of' maize fields with Slriga 

hennonthica -- a parasitic weed - has b)een observed in the 
saviana belt of Nigeria, Cameroon, Mali, and other West 

Af'rican countries. '[he spread of' Striga is of major concern 
because maize production has become more popular in the 
savanna belt and replaced sorghum and millet in many areas 
where rainfall is adequate. 

Striga damage to maize is reflected by leaf firing, stunted 
~plants, and poor pollen production and ear development -- all of' 

which can drastically reduce yields. This parasitic plant is 
diflicult to eradicate by conventional means because it produces 
niany se'ds that retain their viability in the soil for many years 
and germinate only in the presence of the host plant. 

Although resistant varieties have been dcveloped for sorghum 
by ICRISAT and for cowpeas by IITA/SAFGRAD, similar 
work on maize did not start until 1982. Research during that year 
and in 1983 under natural field infestation of maize demon
strated the existence of'genetic variability ftr resistance to Striga 
damage and that breeding resistant varieties is possible. 

In the 1982 crop ieason at Gusau, Nigeria (Sudan savanna 
zone) significant difrerences in Striga ratings were found among 
nine parental varieties and 36 F, crosses. In the 1983 crop' -- n 
at Mokwa, Nigeria (Guinea savanna zone), under se\,.re 
drought and heavy Striga infested conditions, grain yields of 
some selected hybrids were approximately double the best open
pollinated check varie y used in each trial set. For example, 
hybrid No. 8322-13 showed the lowest Striga rating (1.4) and 
also produced the highest yield - 3.9 t/ha or 207% of the best 
check (Table 9). 

Some inbred lines derived from tropical x U.S. corn belt 
germplasm (such as Rpp TZSR-Y x N28) showed relatively low 

48 



TABLED. 
Ratings of Striga
hrmnonlhica ofsome 


selected highyielding 
maize hybrids at Mokwa, 
Nigeria(0g83). 

inbr~~~~~~d- linsinWhearil. 


TABLE 10. 

Mean Striga rating qf the
 
inbred lines in the partial 

diallel hybrid corn-.31 

binations at Mokwa, 

Nigeria (1983)
 

ratings of Striga in different hybrid combinations (Table 10).
 
They probably confer resistance genes. It is of interest to note
 
that the selected hybrids from each of the trial Nos. 8329, 8340,
 
and three out of the four selected hybrids in trial No. 8341 had
 
one inbred in common - 9848, 7103, and 9499, respectively. This
 

Grain % Striga ratings*** 
Entry* yield best 
No. Pedigree (t/ha) check Hybrid Range* 
8322.13 368 x9030 3.9 2)7 1.4 1.4-4.8
 
8322-3 1188x9006 3.6 187 2.9 1.4-4.8 

8329-9 9236 x 9848 2.0 251 2.5 2.0 4.8
 
8329-23 9516 x 9848 2.0 242 2.5 2.0 4.8
 
8329-22 9490 x 9848 1.7 221 2.3 2.0 4.8
 
8340-9 7103 x 9646 2.8 219 3.5 2.0 4.5
 
8340-7 7103 x 9613 2.7 211 2.0 2.0 4.5
 
8340-12 7103 x 9432 2.5 196 2.8 2.0-4.5
 
8341-12 9485 x 9613 3.4 198 2.3 2.0-4.8
 
8341-3 8057 x 9499 3.3 190 2.5 2.0-4.8
 
8341-16 9499 x 9624 3.2 183 3.3 2.0-4.8
 
8341-6 9450 x 9499 3.1 178 2.5 2.0-4.8
 
*8322, 8329, 8340, and 8341 represent diferent trials o] 25 entries each.
 

**Range ofaverage score 0125 entries within each trial.
 
***Ratig 1-5; I= resistant, 5= susceptible,
 

90-.9 Rp IMRtY xN28' 8 2.6,.A
 
9030 .N261 l itA
... 9'6 2.7 1.4-4,1 

Ji4rM, 2 2.9' 1.4- &91M0 7 xRpSR
31190, Actu7622 xTZSR 17 3.q - -.
 
2O. Aamu.7622uk. 9 7 3.9' 3.-4.
 

Se~gs7S4S . .46
 
.
 , iI -l;kiaqI l ew u*.V, 5" . 
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Striga - a parasitic weed 
- has destroyed the 
susceptible nmize crop 
on the right, but the 
resistant hybrid line 
(8322-13) on the left had a 
very low StriSa rating 
and produced the highest 
grainyields in tests at 
Mokwa, Nigeria (1983). 

confirms the potential of these lines as donors for Striga 
resistance. 

Encouraged by the data obtained during 1982 and 1983 and 
the possibility to develop Striga resistant varieties and hybrids, 

ITA scientists are increasing their eflbrts to develop reliable 
screening techniques and selection for Striga resistance to combat 
the potential threat of this parasitic weed. 
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Left to right, (.icadtilint 
ttianguia eggs in the maize 
leaf mid-rib and a nymph 
and adult leafhopper 
feeding on maize leaves. 
This lea/hopperis the 
vector of the destructive 

maize streak virus 
disease. 

inkafhppr Numbers 
I Leafhopper 	 and
Infestation Efficiency for Maize Streak 
Virus Resistance Breeding 

B ecause theI cli ig prograin fir resistanc to mlaize str'ak 

virus .ISV) has greatly 'X)ahldc( in recent years to 

(h'V'hoIJ) resistant vari.ties with difierent maturity range 
and( ecological adal)tatiol, th( d(emaid fir th( virus vector 
healhopper (Ciradulinatriarngula) by s'ivitists has exceed'd th( 
sup~ply. Th(.r(vi-er(., int(,llsiv(' ('tlibrts hay(' bvell. tmllhrway sillce 

1982 at I ITA to imp)ove mass rearinig te'huui1 us and iICereasC 
the iitier of, hcalliolp)ers prodlivd. 

As a res:ilt, svcral innovations inl the rearing tchliques have 
periittcd ai increase il tIhe number of artificially reared 
lealloplplers oiI a weekly basis froi 15,000 ill 1981 to 50,000 ill 
1982 to about 200,000 ih 1983. Most ofithese hlafihpl crs are non
activc or short dlistance fIlyvrs tise onlexprimental plots. Thev 
stay and fied longer oil oie plant, thereby increasing the 
uniformity of'streak izifi'c in. The vcry low streak iifi-ction of 
I'lrmers' maize fields near thell ITA experihctalI firm indicate 
that the hieafoppers are confiid mainly to ti I ITA 
plots. 

'hC itii-,valiois in tie(rearing twcl iqu es iuclilul: 

* 	Chang-ig the oviposition procedure firomn egg laying cages to 
an open-air egg laying table under greenhouse conditions 
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Difference between 
streak-susceptible check 
and streak-resistantHTA 
maize cultivarsin the 

field under artificial 
infestationofCiradulina 
triangula. 

increasing more than two-fold the number of pests available 
for egg laying on the same space. In addition, leafhoppers 
escaping from the rearing cages during watering, changing 
plants, and collection are attracted to the plants on the egg 
laying table. 

t 	 Replacing maize seedlings with millet plants for oviposition. 
Millet, unlike maize, when damaged by leafliopper feeding 
develops a large number of tillers which are available for later 
nymph feeding. This eliminates the need for laborious plant 
changes during nymph development and prevents the loss of 
nymphs during the transfer process. 

* 	Monitoring at two-week intervals the average number of eggs 
oviposited allows for corrections in the number of adults 
released on the oviposition table. 

* 	Taking into account slower development due to changes in 
temperature. Such changes affect the egg and nymphal 
development periods (Figure 15) and the productivity of the 
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FIGURE 15. 
Effect of temperature on 
the development of 
Ciradulinatriangula - the 
vector of maize streak 
virusdisease. 
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colony. More insects arc released in the oviposition table 
during the cooler period between July and September, and a 
longer period ofdevelopment is being taken into consideration 
in planning the work schedule. 

0 Increasing the virus acquisition period of leathoppers grown 
on millet from 24 to 48 hours doubled the percentage of active 
transmitters from 22 to 46%. 

0 	Improving the genetic capabilities of the leafhopper 
population maintained in I ITA greenhouses by individual 
selection of active transmitters further increased the 
percentage ofactive transmitters from 46(/(, to as high as 80%. 

The last two innovations allow the infestation of 25 to 30% 
more plants with the same number of leafhoppers and a 95 to 
100% efficiency in field infestation. 

I ITA is currently helping national research programs develop 
their own Cicadulinacolonies for maize streak screening. Trainees 
from several African countries - including Kenya, Tanzania, 
Zambia, Burundi, Cameroon, Togo, and Ghana -have observed 
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and used the techniques and methods developed by the 
Institute's scientists (Figure 16). These include collection of the 
live leafhoppers in the fields, transportation to the laboratories or 
screenhouses, and multiplication from an initial small 
population. 

FIGURE 16. 
Procedure used to 
develop mass rearing of 
an Ciradulina spp. colony 
for screening purposes. 
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Toposequence uith a 
range of ecosystems at 
HTA forgrowing rice 
from a drought-prone, 
freely drained upland 
area (top ofphoto) to a 
flooded area (bottom). 

Performance of Rice Varieties on 
Natural Slopes of Inland Valleys 

illions of small farmers in Africa plant rice on natural 

and undisturbed slopes of inland valleys in undulating 
relief- a major land form of the humid and subhumid 

parts of the continent. On these slopes the environments for 
growing rice may vary from free draining upland to impeded 
drainage depending on the relief (landscape), the position of the 
rice plants on the relief, and rainfall pattern. Rice plants 
therefore may suffer stress due to lack of water at times and 
natural flooding at other times. Rice varieties which have been 
selected either for strictly upland ecosystems or strictly lowland 
ecosystems may not be able to adjust to the peculiar conditions of 
toposecquence and not be flexible enough to produce satisfactory 
yields when planted on natural slopes of inland valleys. 

To evaluate the potential of toposequence as a tool for 
screening rice varieties, IITA scientists evaluated the 
performance of seven upland and i2 lowland varieties on a no
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tilled area of a V-shaped valley on the Institute's experimental 
farm during the 1983 wet season. The experiment started onjune 
22 and ended on November 15. The level of groundwater was 
monitored weekly. The soils of the area were surveyed and rice 
varietal response and performance along the toposequence 
observed. 

Four distinct ecosystems were identified on the experimental 
toposequence (Figure 17). They were: 

Freely drained upland: Groundwater table never rises up to 
the effective root zone of rice. Plants showed moisture stress 

FIGURE 17. symptoms as early as one week after the rain stopped.
Schematic presentation
offour ecosystems in Intermediate upland: Groundwater table rose as high as 20 
a toposequence of a cm below the soil surface during the peak of rainy period and 
V-shaped valley at 1ITA's 
experimentalfarm at 
lbadan,Nigeria (1983). 
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TABLE 11. 
Average grainyield of 
seven uplandand 12 
lowland rice varieties 
planted on different 
ecosystems in a 
toposequence (JITA,
1983). 

dropped to about 80 cm below the soil surface during the dry 
spell. Rice showed moisture stress symptoms only when the dry 
period lasted for several weeks. 

Intermediate flooding: Groundwater table was always in the 
roOL zone of rice. After heavy rainfall groundwater sometimes 
surfaced. Rice never showed moisture stress symptoms in this 
part of the toposequence. 

Flooding: Groundwater was at the soil surfhce or over-flowed 
during most of the growing season. Signs of ferric iron 
accumulation were occasionally observed in this part of the 
toposequence. 

Rice yield increased from freely drained upland to 
intermediate flooding and then decreased slightly in the flooding 
ecosystem (Table 11). The lower rice yield in the flooding 
ecosystem could be attributed partly to poor germination and 
crop establishment and partly to stresses associated with natural 
flooding. 

Across the toposequence, yielding ability of upland varieties 
was more stable than that of lowland varieties, although the 
latter yielded much higher than the Ibrmcr in both intermediate 
flooding and flooding ecologies. Furthermore, within each 
varietal group, there was a distinct difference among varieties 
with regard to the flexibility to adapt to variation in moisture 
conditions (Figure 18). 

*W 
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FIGURE 18. 
Grainyield of three 
upland (top) and three 
lowland (bottom) rice 
varieties planted tofour 
ecosystems in a 
toposequence of a 
V-shaped valley at HlTA's 
experimentalfarm at 
Ibadan, Nigeria (1983). 

With different environments ranging from drought prone 
freely drained upland to hydromorphic and impeded drainage 
ecologies, a toposequence area such as the one described here 
provides an ideal setup to facilitate the early identification of rice 
lines adapted to various ecologies in Africa. 
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A view of tne Bende, 
Nigeria inland valley 
developed by farmers 
with the assistance of the 
Anambra/Imo/World 
Bank Smallholders Rice 
Production Scheme. The 
iron toxicity experiments 
took place here. 

Tolerance to Iron Toxicity of Selected 
IITA Rice Varieties 

ntensifying the use ofwetlands for rice and cther food crops by 
small farmers may be a major step toward food sufficiency in 
tropical Africa. But to accomplish this, further research is 

needed to develop appropriate soil and water management 
technologies and practices that small farmers can adopt and to 
select and breed better yielding rice varieties that are more 
resistant to diseases and tolerant to adverse soil conditions. 

Iron toxicity is a widespread problem for rice grown in inland 
valleys and swamps where seepage flows contain a high 
concentration of ferrous iron (Fe**) and the soils maintain a 
strongly reduced (or oxygen-depleted) condition throughout the 
year because of a high groundwater table. In collaboration with 
the Anambra/Imo/World Bank Smallholders Rice Production 
Scheme, IITA soil scientists and plant breeders have conducted 
research over the past two years on farmers' fields in a small 
inland valley of about 20 hectares near Bende in Southeastern 

Nigeria to characterize the source and dynamics of reduced iron 
in soil. Also, they have tested lowland rice varieties for tolerance 
to iron (Fe)toxicity.
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FIGURE 19. 
Isolines of mean and 
maximum concentra
tionsofferrousFe in soil 
solution occurring during 
the growing season in 
relation to iron (Fe) toxic 
zones delineated by leaf 
symptoms of a suscept
ible rice variety, IR 26. 
It was grown during the 
1983 cropping season in 
an inland valley at Bende, 
Nigeria. 

The Bende experiment has shown how plant breeders and soil 
scientists work together in developing a field methodology for 
testing lowland rice for tolerance to iron toxicity. 

Many groundwater tubes were installed in the Fe-toxic and 
non-toxic areas. The groundwater table and the concentration of 
ferrous Fe in the soil solution were measured weekly. A rice 
variety (IR 26), susceptible to Fe toxicity, was planted uniformly 
across the concentration gradient of ferrous Fe in the field. Based 
on the data of ferrous Fe concentration in soi! solution monitored 
throughout 1982/83 and the score of Fe toxicity symptoms 
expressed by the susceptible variety IR 26 (bronzing and various 
degrees of oranging), it was possible to delineate the field into 
three Fe-toxic zones (Figure 19). 

In Zone A, which has a mean value ofsoluble Fe of 50 ppm and 
a maximum of 80 ppm occurring during the growing season, IR 
26 showed severe bronzing symptoms and gave little or no grain 
yield. In Zone B, which has a mean value ofsoluble Fe of 30 ppm 
and a maximum of 50 ppm, IR 26 showtd severe oranging and 
some bronzing symptoms. The number of tillers also decreased 
significantly. In Zone C, which has a mean value of soluble Fe of 
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tIAzzuI7 

IT/42q7 

Two rice varieties grown 
in the high iron toxicity 
zone. (See Figure 19.) The 
susceptible variety ITA 
222 shows leafbronzing 
and very few tillers,the 
tolerant variety ITA 247 
fairly normalgrowth. 

2 ppm and a maximum of 10 ppm, this rice variety showed slight 
oranging symptoms but only scattered occurrence. Zone D 
represents a non-toxic area. 

In the 1983 cropping season, 16 ITA rice selections and two 
introduced varieties were evaluated inside tree Fe-toxic zones in 
the Bende valley (Figure 19). Included as checks were two highly 
tolerant varieties (Suakoko 8 and Gissi 27) and two susceptible 
(IR 26 and IR 52). The iron toxicity rating based on the severity 
of leaf symptoms (i.e., bronzing, oranging) was scored at 30, 60, 
and 75 days after transplanting. 

Growth and yield data showed that only the plot located inside
the high Fe-toxic Zone A depicted differential response among 
the 22 varieties. The low Fe-toxic area showed no significant 
effect on the growth and grain yield of the varieties. Response to 
toxicity of the varieties in the medium toxic area (Zone B) was 
not consistent, probably due to the variability of the ferrous iron 
concentration within the zone. 

Mean of iron toxicity ratings taken at 30, 60, and 75 days after 
transplanting in Zone A is summarized in Table 12. Six ITA 
varieties - ITA 242, 245, 250, 238, and 247 - showed a high 
degree of tolerance. These varieties were derived from the cross 
Tox 711 (IR 5/Suakoko 8) - one of the earlier IITA crosses 
intended primarily to incorporate iron toxicity tolerance to 
improved plant type and high yielding varieties. Suakoko 8 is an 
IITA selection in Liberia known to be tolerant to this adverse soil 
problem. ITA 253 and ITA 24-4, which showed moderately 
tolerant reaction in the trial, were also selected from the IR 
5/Suakoko 8 cross. 

Three-year yield date obtained under non-stress conditions at 

Ibadan for the six varieties are also given in Table 13. Comparing
the results from Ibadan with those fiom Bende where iron toxic 
conditions exist, the decrease in yield in the susceptible varieties 

amounted to about 90%, but less than 50% for the tolerant 
selections. Different parents and tolerance sources are being 
explored to develop diverse varieties that fit different iron toxic 
environments. 

As reported in IITA's 1982 Research Highlights, Fe toxicity to 
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TABLE 1?. 
Reactionto iron toxicity Moderately 
ofthe lowlandrice Moderately 
varietiesgrown in an tolerant Susceptible 
inlandswamp in Bende , .. 2 "', ITA 232 (4.0) ITA 233 (5.0) 
valley, South-easter-n 
Nigeria. ap a.) 

ITA 253 (4.0) 
'A;iITA 244 (4.2) 

ITA 123 (5.2) 
ITA 121 (5.3) 

114I (S.):
?TA2&8 (5.2) i' 

ITA 222 (4.3)
BG 90-2 (4.5) 

ITA 231 (5.5)
rrA 212 (5.5) 

. 47 
(2.3) 

IR 5 (4.3) ITA 230 (6.0) 
1JR 52 (5.0) 

(check) 
OW~ 27 (W.) JR 26 (5.8) 

_ _,(check) 

*Number in parenthesis isthe mean of the scores taken at 30, 60, and 75 day after 
transplanting. The IRRI 1-9 scale, with I indicating toleranceand 9 susceptibility, was used 
in scoringfor Fe-toxirity reaction. 

TABLE 13. 
Performanceof selected 
ITA rice lines on Fe4oxic 
soils at Bende valley and 
undernon-stress 
conditionsat Ibadan, 
Nigeria. 

Fe-Toxic soils Yield under non-stress 
Bende, 1983 conditions, lbadan. (t/ha) 

Tolerance' Yield 
Variety/line Cross score (t/ha) 1983 1982 1981 Av. 

1T25IRjtakok88 2.41 4.04 4.84 4.44 4.44
1TA'239 I.SS'OO . 2.81,1, 4.73 6.19 A4.95, *4.99 

'ITA 247 lR5/SUakoko 8 3.8 1.87 .4.52, 5.10 '421,-.4M5 
Sii~lioll'(chici Sisum 25/30, Mshanja 2. 2 ,14.23 - ., A2 

Susceptible 
ITA 123 OS 6 mutant 5.2 0.18 3.74 5.15 4.78 4.56 
ITA 121 Moroberekan/SE 363G 5.3 0.57 3.81 5.29 4.66 4.59 
ITA 212 BG 90-2*4frctep 5.5 0.48 4.39 6.36 5.07 5.27 
IR 26 (check) IR 24rFKM 6 5.8 0.13 3.54 - - 3.54 

'Mean o the scores taken at 30, 60,and 75 days after transplanting. The IRRI 1-9 scale ofscoring was used with I indicating tolerance 
and 9 susceptibiliy. 
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rice grown in a given inland valley and swamp is generally a 
localized phenomenon. Severe toxicity normally occurs in a field 
adjacent to the source of seepage flow containing high 
concentration of ferrous Fe, particularly when the soil is poorly 
drained and has a high groundwater table throughout the year. 

Fluctuation of the groundwater table in the rainy season in the 
various sites in the Bende valley follows the rainfall pattern. But 
the magnitude of groundwater fluctuation varies from one site to 
another which is associated with soil type. Although the non
toxic zone is situated in the lowest part of the landscape (Figure 
20), groundwater tubes (T) installed in this zone showed the 
largest fluctuations of the groundwater table throughout the 
year. This indicates that soils in the non-toxic area are better 
drained than those in the Fe-toxic area even though the latter is 
situated on a higher elevation. Apart from the farther distance 
from the seepage source, the large fluctuations of groundwater 
and redox potential in the non-toxic area allow the ferrous Fe in 
the soil solution either to drain out with groundwater or to be 
oxidized and precipitated as ferric oxides. 

On the other hand, soils in an Fe-toxic area (Figure 20, Sites 
T2 and T3) remain almost permanently saturated and reduced 
at shallow depth throughout the year. 

Thus, in the development of the lowland non-toxic area for 
irrigated rice cultivation, necessary measures should be taken to 
ensure that ferrous Fe in the seepage water from the upper slope is 
prevented from accumulating in the flooded rice field. This may 
be achieved by intercepting the main seepage flow in the upper 
slope and by draining the field at the end of the cropping season 
to allow oxidation to take place. It is important to point out that 
farmers in the area normally plant rice after the peak of the rainy 
season (mid or late-September) because of the lack of adequate 
flood control. 

In a -'rongly reduced field containing toxic levels offerrous Fe, 
rice - ..ts generally show two types of symptoms on older and 
fuly ueveloped leaves: the bronzing symptom of acute Fe 
toxicity which is caused by the presence of high levels of ferrous 
Fe in the soil solution in a strongly reduced soil environment, and 
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FIGURE 20. 
A schematic diagram of 
the Rende inland valley 
showing the landscape, 
sites ofgroundwater tube 
installations, and 
seasonalfluctuations of 
the groundwater table. 

the oranging symptom which generally occurs in a field 
containing moderate levels of ferrous Fe. The oranging symptom 
seems to be associated more with nutritional disorder due to 
malfunction of rice roots than a direct effect of Fe toxicity. 

Rice varieties, however, show differential tc,lerance to high 
levels of ferrous Fe in the soil solution. Roots of a highly 
susceptible variety are simply incapable ofsurviving in a strongly 
reduced soil environment containing high levels of ferrous Fe in 
the soil solution. A moderately tolerant variety, however, can 
maintain an oxidized condition at the root tips and surfaces. The 
surface coating of ferric oxides decreases the effectiveness of 
nut,.ient and water uptake by roots which may be partly 
responsible for the leaf oranging symptoms. It has been observed 
that a tolerant variety not only is capable of maintaining an 
oxidized condition at the root-soil interface but also has a more 
vigorous root system. 
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Root growth of a 
susceptible rice variety ML 
IR 26 used as a check in 
the experiments. Left to 
right, rootsfrom a highly 
iron toxic zone, a 
moderate toxic zone, and 
a non-toxic zone. 

Additional studies on root growth in relation to nutrient 
uptake of tolerant rice varieties grown under high Fe-toxic 
environment are underway to better understand the mechanism 
of Fe tolerance and to identify key factors that can be used for 
further genetic improvement. 
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Afarmer's field in Niger 
hasfallen victim to rice 
yellow mottle virus 
(RYMVJ disease which 
has spread over many 
areas in that country and 
several other rice 
growing nations in 
Africa. 

TArLE 14. 
Number of lines selected 
for tolerance to rice 

(R YM V) disease (1983). 

Breeding for Resistance to Rice Yellow Mott
 

T he potentially devastating rice yellow mottlevsirus disease 

(RYIMV), first reported in Kenya in 1966, is a distinctly 
Aflrican specific disease of'lowland rice and widespread in 

East, Central, and West Afica. A joint survey in 1983 by I ITA 
and the W\est Africant Rice Development Association (WARDA) 
revealed that the disease had appeared in alarming proportions
in farmers' fields in Niger and to at lesser extent in parts of Upper 

Volta and the deepwater polders of Mali. 

In Upper Volta and Mali, wild rice f(')vza longistaininala) 
harbored the virus, indicating that it may represent an original 
natural host of*RYN\IV. ThIis finding adds a new dimension to the 
epidemiology of*the disease. 

Realizing the potential threat of this disease, IITA initiated 
research in 1978 on aspects ofrdetection, survey, and screening for 
resistance. (See Research H~ghlg/its for 1978 and 1981.) Several 
African upland varieties have been reported to be tolerant to the 
disease I)enearlier workers, and during 1982 carefully controlled 
screenisg trials by repeated inoculation and serological assay 
confirnaed the superior tolerance ofalarieties such as 
Morobarekan and Lac 23. 

During 1982 and 1983, the major emphasis has been on 
breedoing for resistance to rice yellow mottle virus, as well as on a 

nkcied 

haroe t I*igt 

t si
 

yellow mottle virus
 
L 
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irus Disease
 

more intensive search fir resistance among lowland varieties. 
Crosses were made between Moroberekan and high yielding 
dwarfs. The IF2 and F3 pOpulations were artificially inoculatced 
and several pronising F1 fismilies are being retested fi)r plant type 
its well as resistance ('l'able 14). A backcrossing program to 
incorporate the resistancc into tle high yieldling lowland varieties 
anud studies on tihe genetics of resistance are also underway. 

In the meantine, it lew lowland dwarf varieties have been 
identifiecl that are also highly tolerant to RYNIV, and these are 
being confirmed Ibr their t'ohcrance. Some of these will soon be 
usel in hybridization since crosses between RYXMV-tolerant 
lowland varieties anid high yielding semi-dwarf but susceptible 
varieties are likely to yield peligree lines with tolerance and high 
yield in it shorter time. The crosses between tohrant uplancl and 
semi-dwarf lowland varietie.:;, will need repeated backcrosses. 
Therefore, this work is more time consuming. The final oI'j ctive, 
however, is to develop superior high yielding RYM V-tolerant 
lowland varieties to be used in RYMV endemic areas in Africa.(Top photo). A semi

dwarfrice variety 
resistant toyellow mottle 
disease (background) 
compared with a 
susceptiblepopularly 
grown variety(yellowed 
plants in theforeground). 

(Lower photo). Thirty
three rice progeniesare 
being studied in a 
screenhousefor 
resistance to RYMV 
disease andfor 
acceptable plant type for 
lowlandproduction. 
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FIGURE 21. 
Comparison of moth 
populations and damage 
on six rice varieties 
storedforfour months. 

Rice Varieties Resistant to the Storage 
Moth Sitotroga cerealella 

Reducing storage losses caused by insects is an important 

goal in Africa's drive toward rice self-sufficiency, and the 
least expensive way is through varietal resistance. 

In screening tests of 33 rice varieties of diverse origin during 
1983, two of IITA's varieties - ITA 233 (lowland variety) and 
ITA 135 (upland variety) - had the highest level of resistance to 
the storage moth Silotroga cerealella in short-term (one-month) 
storage. 

Also, ITA 233 consistently showed a high level of resistance to 
moth damage when evaluated along with other rice varieties in a 
longer term (four-month) storage screening test. It suffered only 
4.5% damage compared with 65.4% for the most susceptible 
variety, IRAT 110 (Figure 21). 
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The larva of the storage 
moth .Sit oliq (elraldhi 
feeds on the rice grain 
inside the husk, eating 
from 50 to 70', of the 
kernel. Then the adult 
moth emerges from an 
exit hole in the husk. 

Resistance wias ibund to be related to a physical prop(rty of thc 
husk husk tightness. Rice varieties with a high proportdon of 
grains with open husks were more susceptible than those with a 
low proportion. Open husks gave the larva easy access to the 
kernels. However, the' number of' insects emerging from each 
variety was not directly proportional to the amount of'grains with 
open husks. This suggcsts that some other unidentified fIictors 
may alsO in fiuenceT the development of the insect in some rice 
varieties with a large proportion of open husks. "l'herefbre, 
resistaice through other inechanisms (such as antibiosis) is being 
iivestigat'd using milled rice. 

69 



IITA1's nt zLest COU.'pea 
lmne IT 82D-716 - during 
thefir',t season of 1983 its 
an xperimentalfieldat 
Ibadans Nigeria. It 
c ombinzes resistanceto 
eigqht diseasesand tzvo 
major insvect pests 
tiaripsand bruchids. 

New Cowpea Line with Multiple
 
Attributes
 

atII'. is IT 82D -71 wi~hich ('oImliI(s 

mrcsstalcc o eighui prIinIcipal dhise.;Is(s aII(I two iWljor 

good.(. SCI W-)dS( ICV('Iuh)((I d andSp~ihis~ iIt hi()II) 

63~32 ,1 hiuuihi rcsistant holC, Mid 'I' 3230'i Hirip rcsistanll 

\Virh~hilI w~hich 

Nigcria andI(( hlivr We(st \Fimaui (Ommi(is. Tll c~ Iiuc. 
IIomvc%-cI (hih1(I- ill (liS(IIS and3(ills(.(.I resistance( (h)II-ctciSIics. 

Ici hiighucv'i \vricIics is IJ((oIIillg h)OhtiI-1F ill 

W\hic 'I~x 3236i is sujsrcifibc (yV)(I 'Iv ll (Sii(-.locmva 

(()\\,)(l.;IaphidI InmIIie imsaic. adi cv(c()(S)Ola h(;IiSj)Ot, IT 82l)
7I16is reistantI ti all 111cc (IiSCascS. Both \,Iictivs ic reSISlalI It) 

thrills. Imill (11 Il(-wi(SI iltc 15,115C l-istalill If) illichid(S *I';lmh. I5' 
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Resistauice to thrips in both lines is similar, and they are much 
superior .) the suscepible lines (Table 16). This level )f 
resistance to thrips is reflected in the performance of tliese lines, 
especially under minimum insecticide protection (Table 17). 
The perfbrmance of IT 821)-716 and TVx 3236 was much 
superior with two sprays comparcd with the susccptible variety 
I'811)-1137. 

Bruchid resistance in IT 821)-716 is as goodi as that of the 

TABLE 15. original bruchid resistant parent TVi 2027 ('Table 18), but TVx 
Performance of IT82D- 3236 and Ifi Brown (a local improv'cd varicty) arc highly 
716 compared with stscCptbhC to brtChids. SCcd characteristics of IT 821)-716 and 
couipea variety TVx 3236 
in three locations in 
Nigeria (1983). 

Grain yil'd !kg/ha) Reactionl to disrases* 

Varilly IiiTA Mokwa Sarnart CYMV CAhMV Anth. BBI 1115fill WB CC Thripls lruchids 

IT82D-716 1404 1670 1148 MR R .R R R R R R R W. 

TVx 323G 1-112 199,t li69 S S R R R R R S R S 
CV 111 15 111 
LSD (5",,, 322 9.16 253 

I(,':,1i newlo I ei/ahid b'=e molaic iun; inth anilthra = ih; barterial=. fi,icgitu; (.Ab oie;B11 1to',, blowh/ = 
bight; 11 = bitierialpuilukr;t11 wreb blight; CC= feriipotileai/liol. R = fesiiiant; AMR = tnoderailyresilantl;S 
minreytible. 

No. of Ifhrilp "'hrilu daiiiage 
Varifi'y ixRr racemne score* 

182D-716 <2.7 ' 3.. 

TVx 3236 2.0 2.5 
IT111-11 37 3.13 5.0 
IT 82E-60 9.5 5.0 

TABLE 16. 
Mean scores for thrips 
damage in IT82D-716 

CV 
11) 

2.9 1.0 

compared wilh other */ . V dainage; 5 (Uoil,ilft dainagd. 
cowpea varieties 
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TVx 3236 are similar, except that the seed of the newest line is a 
little larger. Also, the plant type is more erect. 

Because ofits multiple disease and insect resistance, cultivation 
of IT 82D-716 ehould ensure greater yield stability in the field 
and minimize losses in storage caused by bruchids. Mar 'armers 
in Africa, Asia, and South America are compelled to dispose of 
their cowpea crop soon after harvest because of the substantial 
damage caused by bruchids (Callojobruchus inaculatus) in storage. 

During the second season 
of 1983, the newest JITA 

This not only reduces an important protein source for their 
families but forces them to sell at a time when market prices are 

cowpea line (IT82D-716) usually the lowest of the year. 
produced highyields in a 
humid area at Onne in 
Southern Nigeria. 

5 sprays 2 sprays 
Variety (kg/ha) 

1T82D416 -166&5_- 1251 
TABLE 17. TVx 3236 1530 1395 
Yields* of IT 82D.716 IT81 D-I 137 1296 891 
compared with other 
cowpea varieties under * ield eihmaes are from unreplicatedploij oJ 125 PP. 

insecticide protection. 

Mean adult 

Variety 
emergence 

(W) 

TABLE 18. 
Mean adult bruchid 
emergence in IT 82D.716 
compared with other 

TVu 2027 
TVx 3236 
CeBrown 

CV 
LSD (5%) 

37.9 
91.4 
98.4 

16.8 
10.3 

cowpea varieties. 
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International Trials - Global Links for 
Rapid Development of Cowpeas 

ithin the international network of agricultural 

res:arch centers, IITA has been assigned worldwide 
responsibility to develop improved genetic materials 

of cowpeas for use by national programs, and its systematic 
research has led to the development of m?',y disease and insect 
resistant varieties combining high yield potential, good plznt 
type, and early maturity with acceptable seed quality. 

Distribution of these new, improved breeding lines ofcowpeas 
is accomplished through Cowpea Inernational Trials (CIT) 
fcrmulated each year. I ITA includes only those lines which have 

FIGURE 22. proved superior in its multilocation trials in various ecological 
Worldwide distribution zones within Nigeria - humid forest, derived savanna, guinea 
of improved cowpea savanna, sudan savanna, and sahel. 
bree-fing linesfrom HITA 
(1983). 
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Cowpea International 
Trials are conducted by 
scientists of national 
programs. 

In 1983, three Cowpea International Trials were distributed 
to approximately 150 collaborators in 51 countries in many parts 
of the world: 28 countries in Africa, I1 in Asia, and 12 in Central, 
South, and North America (Figure 22). CIT-1 included extra
early-maturing varieties, (T-2 mediumn-matUring varieties, 
and CIT-3 bruchid resistant varieties. 

rhe international trials are conducted by the scientists of 
national programs, and copies of their data art- sent to I ITA for 
analysis. The results at individual locations, as well as the 
combined results for all locations, are then made available to 
collabc,rators. The most promising lines selected from these trials 
are further evaluated by the national scientists in agronomic and 
on-farm trials, and the best lines are either directly released for 
planting by farmers or used as parents in breeding programs. 

'rhis annual cycle of developing and distributing new, 
improved cowpea lines to various national programs has resulted 
in a global network of cowpea researchers and led to rapid 
development of cowpeas in many countries. Several varieties of 
I lTA-bred cowpeas have been released in Brazil, Venezuela, 
Nicaragua, Guatemala, South Yemen, Togo, Upper Volta, 
Nigeria, Tanzania, and Guyana. At the present time, selected 
varieties are being multiplied in Zambia, Zimbabwe, and 
Botswana for release to farmers. 
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Cowpea flowers are 
checked to determine the 
extent of larval 
infestation and/oraplecay 
damage by .tlaruca 
etuiialis. This is one step 

in studies to determine 
damage threshold levels, 

Damage Thresholds for Pod Borers and 
Pod Sucking Bugs on Cowpeas 

lthough the pod borer's common name may indicate it 

feeds only on the pods of cowpeas, it causes the most 
serious damage at the flowering stage. Contro! measures 

are most critical then because few pods are likely to be formed if 
larval infestation and/or damage in flowers by Marucalestilalis is 
high. Yield reduction could be enormous. 

A study was conducted during the second cropping season in 
1983 at Ibadan, Nigeria to determine the level of flower 
damage/infestation at which significant yield reduction takes 
place. Pre-determined damage threshold levels were set at 0, 20, 
40, 60, 80 and 100% flower damage/infestation. Plots were large 
(170 M2 ) and unreplicated, but sub-plots were staked out from 
which samples of 100 flowers were taken and examined on 
location once a week over a three-week period for larval 
infestation or larval feeding damage. If the pre-determined 
damage/infestation level in any given plot was exceeded, a spray 
of Decis was applied the same day. Grain yield was taken at full 

maturity. 

Theoretically, the damage/intrstation level beyond which 
grain yield is significantly different from the sprayed control 
would be consider(:d the damage level at which control measures 
should be initiated. This is the action threshold (ATh) for the 
borer on that particular cowpea variety. (ATh is not a static 
measure and may vary with season, location, and cowpea 
variety.) 

Results shown in Figure 23 indicate that most treatments 
required at least one spray to maintain the damage/infestation 
within the pre-set level. Yield data on Table 19 indicate that up 
to an action threshold of 40% there was no significant yield 
reduction from the control which was sprayed weekly. However, 
two insecticide applications were necessary to maintain this level. 
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Even at an action threshold of 60%, yield reduction was not 
very high, but prudence and goo judgement would dictate that 
40% is a more realistic ATh since this minimizes the risks of 
miscalculation. Farmers can be trained to make this sort of 
damage evaluation. The only requirements are the recognition of 
the insect and the damage it causes, plus a good pair of eyes. 

The pod sucking bug (Clavigrallatomentosicollis) causes serious 
damage to young, developing cowpea pods. In some years, 
population levels of these insects have been recorded at 50 bugs/2 

FIGURE 23. im-row. To realistically tackle this problem, scientists need to 
Populationfluctuation of determine the population levels that can be tolerated by the 
pod borer (M. itstulalis) plants at the crucial growth stages without heavy losses in yield.
larvae with respect to 
different levels ofpre- A study was conducted in 1983 at IITA, in collaboration with 
set action thresholds an entomologist at the University of Ibadan, using caged plants
(ATh-brokenlines)for of Ife Brown variety cowpea infested with adults of C.
 
cowpea flower damage]
 
infestation. (Numbers lomentosicollis. Infestation levels were set at 0, 2, 4, 6, 9, 16, and 32
 
on the burs indicate pairs at two different times of infestation - at the onset of
 
insecticide sprays;
 
ATh - OandATh -- 100
 
represent weekly sprayed
 
and unsprayed controls, 
respectively.) 

Flower damage/infestation (%) 

100 

ATh =0 Ist ATh =00 
80
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TABLE 19. 
Grain yield obtained 
from different levels of . 

, , 
4~(tA 

flower damagal 
infestatitn of cowpea 
variety TVx 3236 by the 
pod borer (M. testulalis). 

LSD (5%/) 

2 

4 

flowering and at podding. Different yield components, damage 
levels, and yield were monitored during the study. 

No differences in flower production and abortion were 
recorded at either time of infestation, but there was a measurable 
increase in pod production and pod abortion as the level of 
infestation increased. The highest level of pod abortion was 
recorded for treatments with 16 and 32 pairs (p < 0.01) with a 
significant correlation (r = 0.85*) when infestation was done at 
flowering. Pod production and abortion were lower with 
infestation at the podding stage. This suggests that an early 
attack of C. tomentosicollis is likely to cause greater damage than if 
the attack occurs much later. 

Damage to seeds increased with a corresponding increase in 
infestation with over 50% damage occuring at an infestation 
level of four pairs/cage. Damage was generally lower when 
infestation was done at the onset of flowering, possibly because 
pods did not set seed before they were damaged and aborted 
(Tabi 20). 

Yield was drastically reduced at both times of infestation. At 
two pairs/cage this reduction was significantly different from the 
uninfested control. No yield was recorded at the highest 
infestation level when infestation was done at the onset of 
flowering. 
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TABLE 20. 
Yield andyield reduction 
caused by the pod 
sucking bug 
(C. tomentosirollis ) caged 
with cowpeas at onset of 
flowering and at mid-pod 
fill (IITA, 1983). 

This study shows that infestation of pod bugs up to and above 
two pairs/10 plants (or two bugs/meter of row) would be 
considered the action threshold at which control measures 
become necessary. When scientists consider the population 
pressure generally observed on cowpea fields (20 bugs/2 r -row), 
they realize the pressing need to develop a good pest 
management strategy for pod bug control. Ifchemicals vere the 
sole control measure, the action threshold of two bugs/meter of 
row would require sprays at least every five clays. 

Work is underway to identify resistant cowpea cultivars which 
could be used in concert with chemical, cultural, and biological 
control measures to suppress pod bug populations and reduce the 
need for frequent insecticide applications. 

Trcatmws 
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Above, aphid resistant 
and susceptible cowpea 
progenies used in studies 
otthe nature of 
inheritance of insect 
resistance. 
Right, thrip resistant and 
susceptible cowpea 
progenies used in genetic 
studies. 

Using Results of Studies on Inheritance 
of Insect Resistance in
 
Cowpea Breeding 

D lring 1982/83, I ITA scichtists conducted sy stcmatic 
gClltiC stuldies Oll the Hiatilre O["ituh]ita1'CC Oh"csistallce 

toa 1 )hids,d CIhidS. The rCsultS are used in 
develo)ing a suitable strategy for their cowpea breeding 

program, and they bclicvc the infiormation will be helpful also to 
scienti.sts inl national programls who have iiiitiateol breeding 

programs fioinisect resistance incowpeas. 

lhe 1, ,, i backcross ipopulationrs involving resistant 
and susceptible parents for each of the three insects were 
evaluated along with parental lines. In each case the inhreritance 
of'resistance was rather simple al the eflects of incliviclual genes 
were large and easily discernilble. TIhe data inclicated that 
resistance tot aphids is a dominant trait anlml moirogenfically 

inhreritel as vicnt )y 3 resistant to I susccl)etible ratio in I"2 
population anl I resistant to I stisceptible ratio inthe Ibackcross 
population ('Table 21 ). 

On the other hand, resistance to bruchicds and thrips was a 
reccssivc trait anti cIigeiiically inii -ritecl. This was evicent from 
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Bruchidresistantand 
susceptiblecowpeas. 

TABLE 21. 
Genetic segragationfor 
aphid resistance in F2 
populationsof different 
cowpea crosses. 

TABLE 22. 
Genetic segregationfor 
bruchidresistancein F, 
populationsof different2 
cowpea crosses. 

TABLE 23. 
Genetic segregationfor 
flower thripsresistance 
in F populationsof 
different cowpea crosses. 

15 susceptible to 1 resistant ratio observed in F2 progenies for 
bruchids and F3 progeny rows for thrips (Tables 22 and 23). 
Backcross data supported the F2/F3 segregation patterns for both 
characters. The size of population in backcross, as well as in a 
regular hybridization program, largely depends on the number 
of gene pairs involved in controlling the resistant character. 

~ ~c ~ ~ teran No pswede*ij 

,T-V,, ' 91 29 
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Elite Cowpea Varieties Rate High in 
Analyses of Protein and Amino Acids 

everal IITA cowpea varieties and new breeding lines were 

analyzed by the University of Manitoba (Canada) scientists 
during 1983, and the results show that incorporating high 

yielding and disease and insect resistance characteristics was not 
at the expense of the quantity or quality of the protein content. 
Furthermore, their amino acids rating was considerably higher 
than the FAO provisional pattern with the exception of 
methionine. 

The Canadian scientists performed the analyses for eight of the 
essential amino acids. Table 24 shows the amino acids profile of 
IITA-developed varieties and lines compared with the FAO 
provisional pattern and the protein content which ranged from 
19.8 to 24.4%. 

Cowpeas are the major source of protein in the daily diets of 
millions of people throughout the tropics, and they are consumed 
in association with basic starchy staples such as cassava, yam, 
cereals, and plantains. Therefore, one of the major objectives of 
the cowpea improvement program at IITA is to develop high 
yielding and widely adapted varieties with improved levels of 
protein. Analyses such as those made in 1983 help to ensure that 
newly developed varieties and advanced breeding lines 
distributed to national programs in many parts of the world will 
continue to have a high protein content and other valuable 
characteristics. 
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HITA-developed cowpea varieties and breeding lines that rated high in amino acid and protein 
content analyses. 

Iiproved cowpca lira's 

Released Mlediumit maturity Early maturity 

VITA FAO A.A. 'aiv 
TVx- 4659 IT 821) 1I 821) IT 82E IT 82E rate compartd 

-3 -5 - 7 3236 -03E -716 - 889 - 32 -60 to FAO 

Amino aid
 
Isoleucinle 4.8 4.7 4.6 4.9 4.9 4.8 4.7 .1.8 4t.6 4.2 Sofliit'it 
leomcine 8.8 8.8 8.6 8.8 8.8 8.7 8.7 8.8 8.4 4.8 Sufficitot 
Lvsioe 7.8 7.7 7.5 7.8 7.6 7.6 7.6 7.6 7.4 4.2 Sutficiet 
lPheiylalanine 6.5 6.5 6.4 6.4 6.5 6.4 6.5 6.4 6.1 2.8 Sufficivit"'yrosinle 3.3 3.2 3.3 3.3 3A. 3.4 3.5 3.3 :1.3 2.8 Sufficivin! 
Nktloxiie 1.-1 1.5 1.3 1.5 1.4 1.5 1.5 1.4 1.4 2.2 I)eliciet 
Threotitie 4.2 4.1 4.0 4.3 .1.2 -4.2 4.1 -4.1 4.0 2.8 Sulici t 
Valie 5.9 6.5 5.7 60 6.0 5.8 5.8 5.9 5.6 4.2 Soflicient 
Total a.a. 42.7 43.0 41.4 43.0 42.8 42.4 42.4 42.3 10.8 28.0 Sufliciet 

TABLE24.mio 21.8 a3d 23t0 1. oM pr-ed24.4-IT23.1 22ysecowea lnes -
*-.-li is" nmojs~rhe bavis fir cnutprat .eno))(.%. 

TABLE 24. Amino acid andprotein analyses of improved JITA cowpea lines. 



FIGURE 24. 
Cowpea characteristics 
and their relative 
importance as ranked by 

city and ruralconsumers 
in Kwara State, Nigeria 
(1983). 

Predicting Acceptability of Food Crop
 
Varieties by City and Rural Consumers
 

he final test for new crop varieties is actual use by 

consumers, and their preferences affect the direction 
scientists take to develop new varieties. 

In a 1983 survey planned and conducted by IITA and the 
University of Ibadan, residents in 177 households in Ilorin city 
and four villages in Kwara State, Nigeria were asked in personal 
interviews about their preferences fbr 10 characteristics of 
cowpeas for five different uses: boiled cowpea-maize mixture 
(adalu), bean cake (akara), boiled beans (ewa), cowpea soup 
(gbegiri) and steamed bean pudding (moi-moi). Each person 
interviewed was asked to indicate his/her preference for the 
different cowpea characteristics on a zero to 100 scale for each 
use. 

Computers were used for quick data processing, and the 
calculated index values gave the weevil-free quality the most 
important rank for all five uses, followed by swelling ability 

Cowpea characteristics Comparative index 
Weevil-free quality 
Swelling ability during processing
Cooking time 

Peeling quality 

Color 
Soaking timne 
Grain size 

Grinding qality 

Binding quality 
Seedcat texture 
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A village woman 
prepares"akara"- a 
popularfood inadefrom 
cowpeas. Both ruraland 
cit),consumers rated 
weevil-free qualit),,
swvelling ability, soaking 

titne, and binding quality 
as the most important 
characteristicsof 
cowpeasfor making this 
product. 

K.1
 



TABLE 25. 
Index valuefor 
characteristics of 
cowpeasforfivefood 
uses iaz Kwara State, 
Nigeria. (Index range 
from 0 to 100.) 

Shar :I it' 

• wr'llhig;1bililyv 

hltrilig r wssilig 

(ooki uiin, 
I'r'ing q1uality 

Stoaki fitlin' 
Grait size 
(Grindiulg c1 itwity 
Iilidig tu;llily 
St'll t il t' 

during processing, cooking time, peeling quality, color, soaking 
time, grain size, grinding quality, binding quality, and seed 
texture (Table 25 and Figure 24). 

By introducing a sec,nd ratinfr G',r the most important 
characteristic fbr each lo6w! iish, it was i')und that the visual 
aspects colo', ,;Ac, and n weevils were 'lecisive niainly for 
boiled beans (cowpeas). For tilw other fbod dishes, however, 
processing aspects were ini)ortant: swelling ability and cooking 

time fir the cowpea-naize mixtire; binding quality and 
seedcoat texture fbr bean cake; p)eeling qualit-y and st;aking time 
ibr steamned lai cake; and grinding (ftality f1r cowplea ioUlp 

(Table 25). 

This cooperative research wo rk witi the iniv'ersitv of Ibadan 
will be continued to )rovid e additional data to help predict 
constn'in" accepltability fhw. a range of new varieties of various 

crops in diti'rent )roduction and consumption areas. The 
re'searchers )lan to Iti rther simplif', data collection and 
calculation 1nr iiues and speed up the fiedback to scientists 
who can use the inlfbrmation when they plan the strategies ir 

their plat breeding lrograis. 

iliml Bcl'n Bilh'd Co.lwpvta stv'all mvterige 

Inixil lni' (';ik(' he'lltS S11111) hem'in cak" A'll 

"adit'alu . kara . . a . gltgilri . .ll-iSs 

Iil 15 9 II 13 
15 7 13 I2 I 1I 
3 9 3 14 iM 9 
itlll 9 i II 9I) 12 


I 05 9 I II 
il0 5 II 7 5 H 
3 R 3 II 8 7 

5) It0 5 3 6 
4 8 4 5 5 
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Soybea.i lines that 
nodulatewith rhizobia 
indigenous in Africa.n 
s,iis and incorporate 
good seed longevity, 
desirableagronomic 
characteristics, and high 
yield potential have been 
identifiedby HTA 
scientistsfrom 1983 
multilocationaltrials. 

Soybean Lines for the Lowland Tropics 

T wo major constraints to soylbean production in the tropics 

are the inability of mos. lines to form nodules necessary 
for symbiotic nitrogen fixation and ripid loss of seed 

viability in storage in a warm, humid r.;vironment. IITA 
scientists have found several lines that nodulatcd with rhizobia 

soils. These lines are called "promiscuous 
Lodulators" because of their characteristics of forming symbiotic 
relationmhips indiscriminately with diverse rhizobia strains. This 

mportant because most developing countries lack inoculant 
industries and extension systems to distribute inoculants to small 
farmers. Promiscuous lines can yield well without inoculation. 

Other lines in the germplasm collection were found to 
maintain their germinating power even when stored under 
ambient conditions in the humid tropics. However, lines with 
either of these characteristics were unacceptable, almost without 
exception, because of other traits such as lodging, shattering, 
susceptibility to diseases, and low yield potential. In 1978, a 
breeding program was initiated to incorporate promiscuous 
nodulation and good seed longevity into lines with good 
agronomic characters and high yield potential. Such soybean 
lines have been identified from 1983 multilocational trials and 
are available for testing by national programs. 

One of these promising lines - TGx 536-02D - is a backcross 
between Bossier (released in the U.S.) and the recurrent parent 
TGm 737p (a line from Indonesia). The cross was planned to 
incorporate good soybean yield potential, stem strength, and 
pustule and shattering resi:itance fr(,m Bossier with superior seed 
longevity and promiscuous nodulation ofTGm 737p. (The latter 
is otherwise agronomically unacceptable.) 

The line originated as a bulk selection from a population 
grown in the 1982/1983 dry season at Ibadan and was tested 
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TABLE26. 
Performance of
promising soybean 

breeding lines (TGx 536. 
02D and TCx 306-036C,) in 
multilocation trialsfor 
meat. seed yield, diseasereaction, and some 

agronomic traits 
compared with check 
cultivars. 

Yirid 
(kg/ha) 

rGx 306-036C 1894 

Bossier fcheck) 1615 
Malayan icbeck)' 1306 

during 1983 at four sites in Nigeria (Table 26). It incorporates 
both a good level of pustule resistance and resistance to 
shattering. The level of promiscuous nodulation is nearly as good 
as the promiscuous parent, and it can be grown without 
inoculant on many tropical soils. 

Soybean yields from TGx 536-0,"D at Mokwa and Ilorin in the 
southern Guinea savanna and at Ibadan in the forest region 
averaged over 2 t/ha. Average yield was 1.6 t/ha at Zaria in the 
northern Guinea savanna where rainfall was severely limited in 
1983. This line has yellow seeds which weig2, about l4g/100 
seeds. Days of maturity ranged from 105-114 in Nigeria and 
height from 76 cm under relatively high fertility conditions to 51 
cm where soil fertility was low. A possible drawback isa tendency 
to lodge under high soil fertility. 

Another line -TGx 306-036C - has been tested in. I ITA trials 
since 1981 and in Nigerian cooperative and international trials 
since 1982. It is a cross between Jupiter, a high yielding cultivar 
fiom Florida, and Malayan, a cultivar introduced to Nigeria in 
tne early 1900s. The latter is highly promiscuous and has 
acceptable seed longevity but low yield potential. This line 
(Table 26) has yielded consistently well in trials in Nigeria, and a 
trial conducted in 1983 indicates that it maintained a high yield 
with and without fertilizer in both sandy and clay soils. It has a 
maturity similar to Malayan (125-135 days), resists lodging and 
shattering, and should give good, stable yields in lowland tropical 

Seed Shattering Maturity 
Nodulation' storage' Pustule' resistance Lodging (days) 

v. good fair MR good good 128 

poor v. poor R goodI good 105 
v. good good S fair poor 137 

'Nodulation with indigenous rhiZobia. 'Relative seed Ion; :ity. 'Reaction to bacterialpustulk: R = resistant, S = jusceptible, AIR = 
moderately resistant. 'Local variely grown in Nigeria; parental source ofpromiscuous nodulation. 
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regions with long growing seasons. Seed is yellow and weighs 
about 14g/100 seeds. 

IITA has identified breeding lines with reasonable yield 
potential and improved plant type that have levels of seed 
storability similar to the donor parents. They are useful parental 
materials for breeders who want to incorporate superior seed 
longevity into high-yielding backgrounds (Table 27). 

TABLE 27 
Soybean breeding lines 
proposed for use as 
improved parental 
materialfor superior 
seed longevity as 
compared :o high
yielding parent with poor 
seed longevity (Bossier) 
andprevious donor 
parcnt with good seed 
longevity (TGm 737P). 

FtncrgencO l.0(lgiog Shativring Scd size. ": Sted 
Pustn2h a resistance resistance (g) color M aturity' 

OvT.342,956D, Ar M <,.far;:', 

TJGz7OkiD 66- S -fair, C yXeell'412 

MIssi'r (Chick) 15 It good go(Il 19 ye(low I()I 
TGun 7 :17 "((Clhek 68 S pooiiir jxor 8 hhAk 99 

SSeedlng in u'gence.]rlhauiing amclera~ed ageing (6 1erki at 40"C and 751 R. I.) ; data tepre.ent the meant ateiagedata thre' Iiia. 
ranh trial hat-ingj, ur Ypicatian.. IReaction to bacterialpuite R = resistant: .JR = moderah'r/ rti't ant; S = .tiureptible.31XJ 
teed itiih IDt.ap to hari'elt at 7'. V latitude. 
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FIGURE 25 (left). 
Yields ofM 351 soybeans 
with and without 
secondary and micro-
nutrients atfour levels of 
phosphorus application 
at Yandev, Nigeria. 

FIGURE 26 (right). 
Yields of M 351 soybeans 
with and without 
secondary and micro-
nutrients atfour levels of 
phosphorus application 
at Mkar, Nigeria. 

Secondary and Micronutrient 
Requirements of Soybeans inthe 
Savannas
 

A grocliniatic zones with the greatest potential ibr soybean 

production in W\est Africa are the Guinea savannas, but 
only limited work has been cone on the secondary and 

micronutrient requirements of the crop in these regions of 
Nigeria. Trials were conducted at two sites in Benue State to 
determine these requirements, as well as fbr plhosphorus (P) and 
potassium (K).Secondary and inicronlutrients were applied to 
the soil in a slurryTV consisting of.Mg, S,;'n, B,Ct, Mn, and Mo, 
and phosphorus as triple sl'perphosphate and iotassiii in as 

muriate of potash. 

At Yandev, Nigeria, with a long history of fertilization with N, 
P, and K, response to phosphorus was small and linear (Figure 
25). Application of secondary and micronutrients increased 
vields by 500 kg/ha - a 50"(, increase without P. At Mkar, where 
little fertilizer had been applied previously, response to P was 
very large (Figure 26). Application of 50 kgP/ha alone or with K 

Yield (kg/ho) 
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0 
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P applied ( kg/ha) 
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FIGURE 27. 
Yields of Hernon.237 
soybeans with and 
without secondary and 
mwcronutrients at three 
lawels ofphosp horusapplication at three 

locations in the southern 
Guinea savanna of 
Nigeria. 

tripled yields. An additional 400 kg/ha yield increase was 
obtained by the addition of secondary and micronutrients at the 
two highest rates of P application. 

Response to secondary and micronutrients at these two sites is 
consistent with that obtained previously at three other southern 
Guinea savanna sites (Figure 27). In each case, the secondary 
and micronutrients significantly increased yield when applied 
with high levels of P. The decrease in yield of the soybean variety 
Hernon-237 at Mokwa when P was applied alone (Figure 27) 
suggests that some minor element was already in limited supply 
in the soil and that P fertilization induced deficiency in the plant. 
Application of secondary and micronutrients counterbalanced 
the detrimental P effects. 

The consistent response of soybeans to secondary and 
micronutrients at five separate locations suggest that deficiencies 

Yield (kg / ha) 
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20 
1800 - LSD 5% LSD 5% LSD 5% 

I 

1600 	 Papplied with 
secondary and 
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A soybeanfield which has 
the necessary secondary 
and micronutrients and 
otherfertilizer 
requirementsfor high 
production (Mokwa, 
Nigeria). 

in nutrients other than N, P, and K may be widespread in the 
southern Guinea savanna. Under high management with 
adequate rates of P fertilizer, it may be necessary to fiertilize with 
one or more secondary or micronutrients to obtain high soybean 
yields on these soils. 
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Apoanagyrus lopedi - the 
naturalenemy of the 
mealybug - was released 
on this 3,000 hectare 
cassavafarm near 
Abeokuta in Western 
Nigeria. The inset photo 
shows the mealybug and 
the parasitic wasp which 
was originally found in 
South America. 

Results of Natural Enemy Releases 
Against the Cassava Mealybug 

arked progress in biological control work against the 

destructive cassava mealybug has been recorded in 
Nigeria during the past three years. The release of one 

of its natural enemies, Apoanagyrus lopezi, in IITA experimental 
fields at Ibadan in 1981 and in a 3,000 hectare cassava farm at 
Abeokuta in late 1982 resulted in much lower mealybug 
populations (Figure 28). 

Then in March 1983, a large-scale survey showed that A. lopezi 
had spread from the big farm to most cassava fields sampled 
within a 100 km radius and was sporadically encountered up a 
distance of 173 km from the release site at the farm (Figure 29). 
This parasitic wasp (found originally in South America) spread 
throughout Ogun and Ondo states and reached Lagos and 
Kwara states, covering an area extending from the rain forest 
into the Guinea savanna. 

As in the previous year at IITA, the wasp survived the rainy 
season, and in t'ie following dry season was found in almost all 
infested fields within its previous distribution. Moreover, by 
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FIGURE 28. A 
Impact of release of 
A. lopezi -a natural 
enemy of the mealybug 
at a large cassava farm 
near Abeokuta, Nigeria. 
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December 1983 it had spread a1 through Ondo state and beyonC 
Benin City in Bendel state. 

The cassava mealybug has been attacked also by numerous 
indigenous predators which previous to the entry of the 
mealybug (Phenacoccusmanihoti) into Africa in 1973 fed on other 
closely related mealybugs. Most important among these 
indigenous predators were several species of lady beetles 
(Coleoptera Coccinellidae). In addition, an indigenous green 
lacewing and a dusty wing (both Neuroplera), two predacious 
bugs (Heteroptera), and a cecidomyiid midge larva (Diptera) 
preyed on the cassava mealybug. 
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FIGURE 29. 
A. Iopczi spread asfar as 
173 km from the release 
site on afarm near 
Abeokuta, Nigeria. 
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Moreover, five chalcidoid species indigenous to Africa were 
found as hyperparasites on A. lopezi. Before the establishment of 
A. lopezi, they parasitized wasps attacking other mealybugs. In 
the release area, these unwelcome hyperparasites destroyed an 
average of 50% of all A. lopezi larvae. Despite this reduction, 
observations indicated that the wasp was responsible for a greater 
reduction in mealybug populations in the release fields compared 
with the control fields. The reduction cannot be attributed to 
indigenous predators since both types of fields harbored the same 
density of indigenous predators. 

A. lopezi is credited also with the reduction in the size and 
incidence of cassava bunch-tops caused by mealybugs at the 
release site compared with the situation in outlying fields spread 
in all directions (Figure 30). The severity of bunch-top symptoms 
increased with the distance from the release site because the wasp 
reached these fields later. 
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FIGURE 30. 
Numbers of A. lopezi and 
coccinellids per gram dry 
weight of cassava tips in 
relation to the distance 

from the release site near 
Abeokuta, Nigeria, 
together with the mean 
dry weight per tip and 
mean percent bunch tops 
in thefields. (JiTA 

improved varieties; 
FV =farmers'varieties; 
median, lower, and upper
quantiles are indicated.) 

A specific parasitoid of the cassava mealybug, A. lopezi was 
found in South America through concerted efforts of the 
International Center for Tropical Agriculture (CIAT) in 
Colombia, the Commonwealth Institute of Biological Control 
(CIBC) in England, and the Empresa Brasileira de Pesquisa 
Agropecuaria (EMBRAPA) in Brazil under IITA's leadership.
Before being introduced into Nigeria, natural enemies such as A. 
lopezi are quarantined in the CIBC laboratory in London and 
inspected on arrival in Nigeria by the local quarantine 
authorities in accordance with the rules set up by the OAU Inter-
Africa Phytosanitary Council. 
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FIGURE 3). 
Spread of cassava 

mealybug (Phienarorus 
maniholi) in Africa south 
of the Sahara over a 
10-year period (1973-83). 
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Progress Report:
 
Cassava Pest Management and a Special
 

ecause of the current scourge of cassava mealybug (CM) 

and green spider mite (CGM) which have decimated 
yields over 60'%', ofthe cassava growing areas olfAfrica with 

estimated losses amounting to about two billion dollars (U.S.) 
annually, IITA has launched a two-pronged attack on these 
cassava pests. (Figure 31 shows the spread of cassava mealybugs 
in Africa south of the Sahara.) 

Some success has been reported on both fronts. First, there is 

the conventional breeding program in which sources ofresistance 
to the two pests have been identified and are being incorporated 
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,frica-wide Biological Control Program
 

into improved cassava breeding lines. Also, attempts are directed 
toward using both cultivated and other ,Manihotspecies in the 
development of higher levels of resistance. 

Secondly, a biological control approach introduces host
specific natural enemies from the pests' area of origin in South 
America as a means of eflrctively reducing pest populations to 
tolerable levels which exist on that continent. Based on the 
progress made so far, an emergency biological control program is 
in the iniitial stages ofdevelopment and testing lbore launching 
it on a large scale. 

Most promising natural enemy against the mealybug in field 
tests in Nigeria so far is the parasitoid wasp, A. lopezi. (See pages 
92-95.) A green spider mite predator is now undergoing 
preliminary testing. 

The Africa-wide Biological Control Project of Cassava 
Mealybug and Green Spicier Mites developed by IITA with the 
assistance of'international and national organization, is designed 
to achieve a reasonably rapid and significant reduction in 
populations ofCM and CGM over the next few years through the 
release of millions of their natural enemies (predators and 
parasitoids) at ground level and from aircraft. Twenty countries 
in West, Central and East Africa have requested trial releases of 
natural enemies, indicating a high degree of confidence in the 
need for biological control of cassava pests. 

Plans have been drawn for a centrally located mass production 
insectary to provide the supply of the natural enemies. Several 
options for mass production systems have been investigated by 
IITA. Preliminary specifications fbr a tunnel insect production 
system have provided fbr a capacity fir production of up to 15 
million beneficial insects and/or mites per day on 5,000 cassava 
plants. A smaller unit is shown in Figure 32. 
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FIGURE 32. 
One of the design options 
fora plant and insect 
rearing unit. Eitherone 
or several such unitscould be usedfor mass 

rearing of natural 
enemies of the mealybug 
andgreen spider mite. 

As these insects and mites emerge from the tunnel system, they 
would be transferred to a packaging room with facilities that 
automatically package up to four species in the same release unit. 
(Figure 33 shows the model currently under construction.) Up to 
1,500 natural enemies, depending on the species, can be put into 
small plastic capsules which, in turn, are placed in cassettes. The 

loaded cassettes (each with 361 capsules) are kept in specially 

designed containers with their own cooling system and later 
transferred into the aircraft. 

Aerial release ofthe natural enemie. is expected to be ofbenefit 
not only to farmers along major roads (where ground releases are 
easy to make) but also the farmers in remote areas. 

During the development period of the aerial insect release 
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FIGURE 33. 
Model of a packaging 
room with automatic system, engineers conducted intensive wind tunnel testing in 
facilities to package up to Austria where the equipment was designed and built. The 
four species of natural 
enemies of the cassava equipment (Figure 34) was installed in a twin turboprop
mealybug and green airplane, and tests were scheduled to start in February 1984 in 
spidermite in the same three different ecological zones in Nigeria where cassava is 
release unit. grown. These tests will last for several months. The plane will fly 

over cassava fields at a speed of 250 to 330 km/hr and relea!;e 
about one capsule per second. The wind tunnel tests showed that 
accelerations and the air currents did not harm the insects. 

For the feasibility study, the International Fund fbr 
Agricultural Development (IFAD) provided S780,000 and the 
German Agency for Technical Cooperation (GTZ) $250,000. In 
addition, $3.7 million has been allocated to IITA fbr the Africa
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Duringthe development
 
periodof the automatic
 
insect releasesystem,
 
intensive wind tunnel
 
testing took place in
 
Austria where the system
 
was designed and built.
 

FIGURE 34.
 
Sketch andphoto of the
 
automatic insect release
 
system inside the
 
airplanewhich hasthe
 
capacity to releaseone
 
capsuleper second onto
 
cassavafields below. The
 
photo on the left shows a
 
clese-up of one of the
 
cassetteswhich has 361
 
smallplasticcapsules.
 
Each one can befilled
 
with up to 1,500 natural
 
enemies.
 

1 O0
 



The automatic aerial 

insect release system is 
being testedfor six 
months in three areas in 
Nigeria. This photo 
shows a test run of the 
specially equipped 
aircraft over cassava 
fields at IITA; 20 African 
countries have requested 
trial releases of natural 
enemies of the mealybug 
and gr.,tn spider mite. 

wide Project for Biological Control of Cassava Pests - $2 million 
for 1983/86 from the Swiss Directorate for Cooperation and 
Development and Humanitarian Aid, $1.425 million for 1983/84 
from Austrian Technical Cooperation (BKAWIKORD), and 
$250,000 for 1984 firom GTZ. An estimated total of'$30 million 
may be requirecl eventually for the two phases of the planned 
five-year project. 

Although the total amount of funding fbr the project has not 
yet been obtained, IITA has decided to step up the pace of 
research and development of the new technologies to be ready for 
the Africa-wide project. Also, efforts to find more natural enemies 
in Latin America have been increased in anticipation that the 
project will receive the needed financial sLipport. 

The project itself is to be established under the auspices of the 
Organization for African Unity/Scientific, Technical and 
Research Commission (OAU/STRC). It has two com
plementary components - a research program, continuing as a 
responsibility of l ITA, and an operations component to handle 
the control campaign. The latter will be the responsibility of a 
Board of Operations, including representatives of OAU/STRC, 
donors, participating countries, Food and Agriculture 
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Organization, IITA, and others. A committee of experts will be 
appointed to advise the Board on technical matters. 

Research and operations will be closely linked to insure a 
steady flow of the latest results of research into the control 
campaign and a feedback of observations from the campaign to 
research. The OAU/6TRC Inter-African Phytosanitary Council 
will play a major role in informing governments and the public 
about the problems of cassava mealybug and green spider mites, 
as well as in standardizing the procedures of the campaign. 
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.tubers 
b 	:,' 

7 

Yam microsett cuts 
(upper photo) ready to be 
put into traysfor 
sprouting and sprouted 
microsetts ready for 
planting (lowerphoto). 

ASystem to Increase Seed Yam 
Production 

A. 	 Ihough yam as a crop has a great potential and the 
are in high demand, production is declining in 

A many areas because of increasing costs and low yields. A 
major cause can be attributed to the availability, cost, and 
quality of seed yams. They are expensive and often unavailable 
to small farmers. Moreover, those that farmers can get may be of 
poor quality. A significant contribution to increased yam 
production would be a system that could provide plenty of clean,
healthy seed yams at a reasonable cost. 

Seed yam - a small-sized tuber weighing from 200 to 1000 gm 
can generally survive long storage periods (3-4 months) under 

ambient storage conditions with minimum loss. Many 
environmental factors can affect the performance of yam setts 
(cut pieces) in the soil after planting, but, when whole seed yams 
are planted, they perform reliably over a wide range of 
conditions. 

The traditional system of seed yam prodlctioni usually results 
in a low multiplication ratio, substantial labor input, and high 
costs. Scientists at IITA have succeeded in improving a seed yam
production system originally developed by the National Root 

Crops Research Institute at Umudike, Nigeria. In the new 
system, seed yams are produced under plastic (polyethylene)
mulch. This has resulted in an increased net return and up to a 

10-fold increase in the multiplication ratio over the traditional 
method. 

The technique is simple, easy to adopt, and capitalizes oii the 
fact that yam tubers produce sprouts from almost any place on 
the yam surfiace. It involves the following series of processes: 

• 	Clean, healthy yams or "mother seed yams" are selected at the 
ripe physiological age - immediately after overcoming tuber 
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dormancy of one to two months. (The term,"mother seed 
yam," is used here to describe a seed yam cut into pieces and 
used to produce more seed yams.) 

" The tuber is cut across to produce several cylindrical pieces, 
and each piece is again cut longitudinally so that many pieces 
are obtained from each tuber or "mother seed yam." Each 
piece, called a "minisett," weighs between 20 and 50 gm. 
Smaller pieces than these weighing between 5 and 10 gm 
(named "micresetts") can also be cut. Each piece needs to 
have an outer layer - the "skin" or pcriderm. 

* 	Freshly cut surfaces are dusted with wood ash, a suiatable 
fingicide, or a mixture of both. Then the minisetts, with cut 
surfaces up, are put under light shade to avoid direct sunlight 
and to "heal" the cuts. This takes two or three days and helps 
to reduce losses of minisetts and microsetts through rotting 
when they are planted later in nursery beds. 

• 	Minisetts are laid in rows side by side on nursery beds with the 
cut surfaces up. They are then covered with about a 2 cm layer 
of sand or sawdust. Light shade is provided and a small 
amount of water applied regularly. The minisetts sprout in two 
to three weeks in the moist sand or sawdust. Microsetts are pre
sprouted in polystrene trays in a sawdust medium. 

* 	Rilgcs arc madc I in apart in the field and coveredl with 
loiyethylene (plastic) muIlch befbre the prv-sprotitcd minisetts 
andl microsetts arc transplanted. The mulch covers the rilge 
and the furrow and is held in place with soil. Holes just big 
enough to allow the planting of the pre-sprouted minisett or 
microsett in the ridge arc cut through the plastic. (Plant 
spacing 50 cm or less.) 

This new system has given early and improved plant 
establishment which often results in increased yield and 
improved crop unifrimity. The mulch eliminates weeding and 
staking and reduces ealfdisease problems. Moreover, it conserves 
soil moisture, especially during the dry season, and the plant 
growth period is prolonged which should contribute to high 
yieki. 

104 



TABLE 28. 

Quantities and cost of 

"mother seed yams" 

needed to produce 

enough seedyamsfor one 
hectare by different 
production systems. 

The number of "mother seed yams" used to produce seed yams 
by the minisett and microsett methods are from two to 10 times 
less than with the conventional method and the amount of money 
needed to purchase the "mother seed yams" is also 
correspondingly less (Table 28). 

A Nigerian illustration emphasizes the potential of the minisett 
and microsett systems of seed yam production. They reduce 
drastically the initial quantity of "mother seed yams" 'neededto 
produce enough planting material for a given unit area. Nigeria 
produces about 15 to 20 million tons of yams a year, and of this 
quantity an estimated 20(', is usedl as planting material in the 
traditional system where seed yams are usually not available. 
This means that 4 million tons of the annual prloduction are used 
as planting material on 1.5 million hectares. 

If minisetts of 50 gm weights were used, only 750,000 tons of 
yams instead of"4 million would be needed to produce seed yams 
to plant the 1.5 million hectares or about 20o of the quantity 
used by the traditional system. With the microsetts, only 150,000 
tons of yam would bU nCCdecd. Thus, the amount of yams which 
could be saved for food by these two systems is enormous. 

With the improved methods, the multiplication rate of seed 
yam can be increased by two to 10 times at the end of the first 

No. of )ieces No. of "mothtr Cost of 
Seed yarn rut from one, s .rIyants" needed "mother sred 
plixluction
system 

"mother seed
yam" 

to iprxlutce seed 
yans for I ha* 

yarns" at
50.60 (U.S.) 

Cowdnl5 00-inO2000, $1200 

Improved 

Mittisett 10 f(i) 10M 
10 

Microsrtt 50 50,(X) 2(X) 120 

Vumber "Y'jeedran required to plant / ha IO.00). 
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production year when compared with the conventional system. 
In subsequent years, however, the multiplication rates are even 
higher - increasing in geometric proportions (Table 29). 

Moreover, physiologically healthier seed yams are produced. 
Under the traditional system, yams planted in February/March 
are usually harvested in October/November. They remain in 
storage from harvest until about March when they are planted -
a four to five-month storage period before planting. By then, most 
of the yams may have sprout,:d. If they are not planted soon after 
sprot ting (or soon after tuber dormancy) vine growth suffers, 
resulting in physiologically weak tubers which produce small 
tubers when they are planted later in the field. With the 
improved seed yam production system, minisetts or microsetts 
are transplanted in June and harvested in December. The seed 
yams are stored from harvest until they are planted in March for 
producing ware yams. This is an appropriate three-month 
storage which helps to ensure physiologically healthy seed yams 
that give better ware yam yields than the traditional method. 

TABLE 29. 
Rate of multiplication of 
seed yams using different 
production systems. 

Numrner of.ecd yams at the beginning of 
succesmivc years 

Production system Ist 2nd 3rd 4th 5th 6th 7th 

0mventional I 5 25 125 625 3,125 15,625 

IFnrmula
ti describe rate qf inreate :
 
*(onvntinnal= 5" 1,x bing #.9ears (i.e. planting .ealoni covered).
 
** inifett = 0.'

4 * .Iicrosett =.59'" " 
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Minisetts (1). ,f:ntt: 
white yam)planted under 
plastic mulch (above); 
harvest ofseedyams 
from the samefield 
(right). 
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Improving Rapid Multiplication of Casse
 

fter an improved cassava variety is released, enough 

planting material should be made available to farmers in 
the shortest possible time. Because cassava is vegetatively 

propagated by stem cuttings, eflicient agro-techniques have been 
developed to rapidly increase the number of cuttings which can 
be obtained from a plant. 

Usually one-node and two-node cuttings from hardwood stem 
portions, semi-mature stem cuttings (above the hardwood stem), 
and tip-shoots of'the stems are rooted in nursery beds or inblack 
polythene bags filled with soil. Plants which develop from these 
met hods are 'ither planted directly in the field or shoots are taken 
from them fbr further rooting in the bags or in beds. This cycle is 
repeated a fi-w timIes so that as many shoots as possible are 
obtained irom each initial multiplication planting material. 

This system has been used ext ensively, but one of its 
disadvantages has been serious weed problems. Pre-sprouted 
cuttigs transplanted in the field are small and (1o not fbirm a 
closed canopy intime to suppress weeds. Thereibre, it is not easy 
to maintain large hectarages Il:nted with the pre-sprouted one
node, two-node, and tip-shioot cuttings, even Ihough herbicides 
andihand-loeing may be used to control the weeds. Another 
problem has often been poor plant establishment because of 
erratic rainfall and inadequat" soil moisture retention fillowing 
field transplanting. 

Use of the plastic mulch at transl)lanting has improved this 
system and allows more land to be put under cassava 
multiplication with greater success. Plastic mulch ensures good 

plmt estal)lishmen t and vigorous plant growth, especially at the 
initial stages. It requires only limited or no weeding. Without 

plastic mulch, three or more weedings may be necessary befbre 
the canopy closes and more may be needed later. 
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lanting Material with Plastic Mulch
 

Contrast between two 
cassavafields (aboze) 
planted with pre
sprouted cuttinqsfor 
miultiplicationpurposes; 
95",,.germinationin the 
plastic coveredfield but 
onl), about 70",, in the 
field with no plastic 
mulch (foreqround). 
Riqht,younqcassava 
cuttings taken from the 
plastic coveredfield. 

* 	 "-o 

"The limited w-cling advallag. ac'hieved with tIlc iplastic 

Owlt. illti 
nmltilplication with small iac-1p)imitc(I 1)la;tinlg tImtirial. A\lsj,
this S\sl'tll I'-'lii's So)il ,.rsioii and I)i'vi(lcs I ttcr soil if isltirc 
ci iiiui rv I)WI\ o idicaie that there ilav 

infhh cl() uir(gts th (ttl larg hct'aragcs to1cassavai 

h less cassava iiea lIlvig tid gnrell spider Ilnite illfctliom,
prIlal\ I (t)Isok'A lttr sil Itloislll' rengille. Plastic nitthh
k h U'st c I us. dil, I i('Il iii %igrria.iiul ith1'l" 

'iIit'i Whl't Iabir is (X)et'lsIVi. 

Tllv rapid tiIItl)lict'ioIn1l ,stctI used at II'iA iivlv'cs thc 
illo 'it li)rt'viIrs: 

O 	(lt Iialwoocd . stlli-nIllulrc(issa'a sills into 1i1l' oior e 
liml.I< ct'u tingks. 

0 irc-5srtilttligs by plilitg tliell ill Seginllitsoret 

SImtlystyicil.. tii\s filhed with s,,il auId watcr thIe aitirgiillir 
iittcirls. lhse tiaxs at. light atnl miir" lhan 120 (tiig, (-;ill 

bv pi-rc-spl~r< lnc ill v 'h 66j / 33 ('1frayv. \Vilh lilt'-I Ist'hl'ih.sc
(ravys. sc'x'.r-il . I .int-r bet ttl ()llt.thousand ( t'.1tilig s (.;tnl 
11t11tiplic'atioll cvtllte'l and t1-l';m<,'td to other'l platcvs whtcrc 
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facilities for pre-sprouting may not be adequate. About four 
weeks after rooting and hardening of the plants, the cuttings 
are ready to be transplanted in the field. 

* 	Prepare the field for transplanting. Spray the field with a 
herbicide to kill vegetation. Then two or three days later, 
spread out the plastic mulch flat on the soil, holding it to the 
ground with soil on the edges. A slight overlapping of plastic 
avoids gaps between two adjacent rows and discourages weed 
growth. (Plowing, harrowing, and ridging are not necessary.) 

* 	Irrigate before laying the plastic in the dry season and irrigate 
at intervals to ensure good plant establishment. Lay the plastic 
and transplant in the normal growing season to take 
advantage of the rains. 

" Use a pointed stick or sharp pointed metal tool to punch small 
holes through the plastic and insert the pre-sprouted stem 
cuttings. 

If correct procedures are followed, stems can be cut from field 
plants at a height of about 20 to 25 cm from the ground six to 
seven months after transplanting and supplied to farmers to 
produce storage roots. Several stems sprout from the ratoon left in 
the field. Herbicide and fertilizer are applied to the ratooned 
plots, and another set of stems are cut again about six months 
later. At II'A, as many as three ratoons have been taken from 
rapid multiplication plants. 
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Controlling the Sweet Potato Weevil
 

weet potatoes are grown extensively throughout the tropics, 

and consumers in some countries depend on the tubers as a 
staple food and use the leaves, high in protein and vitamins, 

as a preferred vegetable. But one of the most serious problems of 
the crop in Africa is the damage to leaves, vines, and tubers 
caused by three species ofsweet potato weevil. Cyasfornicariusis 
mainly distributed over East Africa while C. ptincticollis and C. 
brunneus occur in West and Central Africa. 

Previous research has shown the value of integrated pcst 
management, improved cultural methods, and resistant 
varieties. Early planting and harvesting allow the plants to 
escape attack. Re-ridging about 30 (lays after planting places the 
tubers deeper and out of the reach of weevils. They cannot bore 
through the soil to get to the tubers, relying on cracks in the soil to 
reach them. Foliar insecticide sprays and soil insecticides 
(granular) have been usefil. 

Also, a number of'high yielding, good quality clones have been 
developed that show resistance to the weevils, and they have been 
multiplied and distributed to farmers in Nigeria and to several 
national programs in and outside Africa. Materials have also 
been distributed in tissue culture Ibrm and as seeds to national 
programs. 

A principal problem still remaining isweevil damage to tubers 
in storage. '[he developmental period of the weevil from egg to 
adult is about 21 days, and a female lays more than 300 eggs 
during its life span of about 80 (lays. Therefore, even if sweet 
potato tubers go into storage with a low weevil population, 
several adults will emerge within a fiw weeks and cause serious 
damage. 

Tests have shown that various pre-storage and storage 
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measures will prevent development of weevils, including the 
following: 

" 	Select storage tubers which have not been damaged by weevils 
or during harvesting and cure them in the open tropical 
weather fbr about three days after harvest. Then store these 
tubers in underground pits. If the pits are constructed in the 
right way and lined with dry mulching material, the tubers 
can be kept in good condition for about three months. Low 
underground temperatures (20-23°C) extend the de
velopmental period of the weevil, with high mortality 
occurring at about 20'C. Also, the weevils are not active in 
underground storage and most of them die after eight days. 

" 	Immerse infested tubers in tap water for about 24 hours. This 
will kill all stages of the weevil. Tubers are then laid in the open 
to dry the wet surfaces before storage. 

* 	Use high temperatures to get rid of the weevils before storage. 
When the weevils were buried at different soil depths, all the 
insects within the first 5 cm depth died after three days. 
(Afternoon temperatures reached 42'C) 

TABLE 30. 
Influence ofcuring sweet 
potato tubers in 
polyethylene bags under 
shade and in open airon 
percent survival of 
different stages of the 
weevil (:). /I% ///uiiii i .* 

Iluratioo of' 
curig (h} : 

Adults 
Shade : 

Pupae 
Shad,' i 

Larvae 
Shad," 

curiog (Fhr) Ad1000-1hac 

48 3. 32A 65.2 
72 39.3I15.7 - 37.2 
96 24 6.2 316.6 

* Each reult bat beii aieragedoie./jurreliatin. 
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Top left, a weevil lays 
eggs inside the sweet 
potato tuber, and they 
will hatch within 21 days. 
Top right,close-up of 
dead sweet potato weevil 
larvae. Lower left, 
weevil-injested sweet 
potatoes compared with 
no weevil damage. Lower 
right, underground 
storage for sweet 
potatoes. The tubers at 
the side had been stored 
in this underground 
storage for three months. 

An experiment to study the survival of weevil-infested tubers 
inside polyethylene iags filled with different amounts ofpounded 
fresh cassava leaves and infested tubers packed alone in tile bags 
showed no advantage of one m7ethol over the other. The main 
rItctor was the temperature within the bags. Also, putting the 
bags in the open air had a significant efleict oin weevil survival 
compared with placement under shade (Table 30). After three 
clays the tubers should be kept in underground storage because 

the polyethylene bag treatment does not conpletely kill all stages 
of the weevils. 
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Update on Cooperative Country and Regiona
 

B eginning with the first formal cooperative research projects 
in 1973 between IITA and two African countries (Liberia 
and Tanzania) involving the outposting of some of its 

FITA has collaborated scientists, the Institute has coatinued to foster close linkages with 
with 31 national national and regional programs. The guiding principle 
agriculturalresearch underlying these "outreach" activities is to strengthen the 
programs in Africa over national research capabilities sothe past lO years that developing countries can 

(1973-83). 
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Research Projects in Africa
 

solve their own pressing food production problems. Some of the 
results of research on various food crops under these cooperative 
projects have been reported in previous editions of Research 
Highlighlsand in this current issue. 

Thirty-one national agricultural research programs in Africa 
have collaborated with IITA over the years (Figure 35). Some of 
these have involved outposting of IITA scientists and others only 
participation in multilocational testing programs. Certain 
projects are phased out because they reach a logical state fbr the 
national scientists to assume complete responsibility (i.e. 
Cameroon root crops improvement program), others because 
their financial support has terminated. New ones have been 
established (Table 31), the latest being a cassava and sweet 
potato improvement program and an applied food crops research 
and training program in Rwanda. They started operations in 
1983 in cooperation with the Rwanda Ministry of Agriculture 
and financially supl)orted by the International )evelopment 
Research Centre (Il)RC) of Camada and the World Bank. 

In addition to carefully selecting national programs fbr 
cooperative projects, the Institute's International Programs Unit 
is reassessing the need and desirability to further strengthen 
relationships through regional programs. One of the most 
successful of' these is the Semi-Arid Food Grain Research and 
)evelopment (SAFGRAD) project with headquarters in Upper 

Volta in which an IITA maize and cowpea scientific team has 
participated since 1978. This project was organized and 
developed through cooperation of the Scientific, Technical and 
Research Commission of the Organization of African Unity 
(OAU/S'IRC) and several international agencies and 25 
countries in the semi-arid tropics of'Africa that stretch across the 
southern edge of the Sahara I)esert and down through the center 
of the continent. 
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TABLE 31. 
A listing of 14 cooperative 
programs between HTA 
and African countries 
over the past 10 years 
(1973-1983). 

Oxlmniivpror(- title 2.V Dateimllillaof )i Eofirri-/ l 

Rrsvamrh Nuovvinlwr 1973 NMam-ll I983 

Lihe-ria Ric v R)eward Iviemlber 1973 Mari 1979 

A.sistanii (to tl Itokul)r 
Sierra 1.11i)11 Rice-vri 

Ref-aiih St;it ioni .larr 1974 Irvi')eiiwr 19110 

Prugrai,,,,. Natfin."l 
Mii I'R( N* NI , ity 1974 May 1911. 

(aniitio Nalio al I{ot 
(lips Imnprlcviiirit 
I'rogran '( NRCII, N.irl' 1977 Selm,.ber 1983 

Fooi4 lagume TI 111r Vola. .rJu' 1977 June. 19115 

Nige-ria- A(i i1+ratrdi 
Ixg P))1Iroilitij Program 
NA"I'I') July 1977 May 1981 

Simni-Arid Fooil (;r.ii"
I)i'v,-IoImm I'rcij.ct 

; 

rAR,\I) Mardi 19711 Mard'h 1985 
,Sao Tol("{ :rol),, 

I)iv,'riliaiii Proj(t) May 1978 Se'l)t'nili'r 19193 

Z.on, dI'Artioo P'rioritair,-, 

hItegree dv l'IMt 
(ZAPI-ESli \f\,a 19711 June 1983 

M II)AS Small Farin Syst.ms 
R'ard'h .juu,. 19 79 Maret 1983 

Nait=a iC :'ri l Irva archIt 
& .xtirmiioi INC R$Iej Jatnttary 1981 January 19115 

Aplli'd l"cid ('I ) 
Rrsvari'h & rraiiiing ID)c'r'mlwrr 1982 jr(.t'l)J)'r 19187 

Rivaiticli Roo[ Croli)s Jaitnuary 1983 January 19115 
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During the past five 
years, JITA has outposted 
a maize and cozvpea 
scientific teamn in UJpper 
Volta to participate in thec 
regional SAFGRAD 
progqram. Neu, IITA higqh 
yielding and disease 
resistant varieties of both 
crops have beeni adopted 
byfarmers in the regin. 

A sli(Ftalge of' well irainlEd pci-soo, ranks as otil o)f' 11wImost 
scrilols hiandicaps to ailllja lvl(JicItill .\FrIic. 
lll(*lTl()l(, tralinling is all itlingial pall 0,1114.i I II'lillitc%effilorts to 

stlilligthenI nat ionail prlogram~s. Se 1:),(-2 ReTh~i,/ /ffht,'i/U!l., 
ll((.Iiis( oIi till-1( to Iliuillituiill a sto ig n)IUr 

tog 
p)l'grluliIl I at will llot bv (lilll( IxI- 1)[o InaIIV (d1tIvcuI"l 
jnjcsitiolviiig olutl)(stinll of* sicIists atiid thc back-uip 
111**,si.~ il Owu Inlitileus nusuualu liuul(Illlll~s. tliOw obu 

hasiiicl kuct (lu1il)vrlI\ low~ ill spin.uliuu~iiglilut fifull) 

so-'icral Itlills. I1hlts this agu*projectl~ of I yl~ ill 

0JIl-aliill ililuui ((6111tl CaillctrulI, Rwandal~l~. I * .ui\~utu 

an aio l .. IIl'.\5 jiiui l is 1iu.ios Itlc gulil-rali l x 

wl((lolgV l o iusui .4tul-h a Il lifii Iliao ll hlicaIl C(uulttaiuli 

PO 11 

Tl lolluuxili specific (rltlria four l.unusioig uuu.I
 

l lulutshavc fb\
!huuli Islalisluu I ll.\ 

* Tl 4i Illslitilu mostsI)( lu lviu 1\t(1(.x.ISx h iuitill~o 'IfliS is thul 

aiitl1)uuu('ll lli1tsllhu iuul n urvou Ilw 

houst (llilsculIllilllllull lu th ll u~ andu it' \xilliiigiiu'Ss to? 

i liitiil lu vloc Ill(. proljru dlttriiig us I4.l1I1nu ,iils tI four Iltc 
hulhox-u11 Adli liu lhI.IllillahliuiIullo hlA*ucl. 

* l-sigituis (ifitIlnuu u 11iulsIuli~u htxtu~iuI\tlt
 
iIII vhu it ift luiv% uliviug .*(()I.(.** I.I ttrli 1)1 ugiaotl so hlat it
 

guhlls ;I, \%(-! ;IsgIvvbIuxilisuujuauui
 

ifr,ii pliiviu 

ohll.il~t Illuist bmn luilviuiirdu.
 

* lrspnullsiui lit~ ty thu ( and for lilt uhuilizaitioi, o 

* lilc lutltt elul O lfiglahlll It)xist fru xitiil 
SuIit 11"Hogluuol 16( Iis. W\l1'.1 ill- plnuhlell (t In r ol is 
wxidluslplu.L, it is uxllcluu t hi iighbiiuiig (.alltlsii 

Ivil-it fiuutil thuc jinugiess iiiolc. 
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As part of the activities 
to establishthe newest 
cooperativeproject in 
Rwanda, interested 
partieslook over the 
beginning ofconstruction 
ofa field laboratoryand 
seed stragefacili!y at 
the Research Station in 
Karama. 

Training in thefield, 
laboratories,and 
classroomsget inajor 
attention in the 
Institute'sefforts to 
strevgthen national 
proqra ns. 
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(plantains). 

N. 	 Hulugalle, Ph.D., soil scientist. 
E. Barych, Ph.D ,agricultural engineer. 
H. 	Grimme, Ph.D., visiting soil scientist 

(Buntehof/GTZj. 
'r. Gebremeskel, Ph.D., agricultural 

economist. 
Mazo 	Price, Ph.D., agronomist and
 

team leader, BGM I I project,
 
Rwanda.
 

A. 	Evers, Ir., assoc. water management 
engineer. 

CEREAL IMPROVEMENT 
PROGRAM 
Y. Efron, Ph.D., director. 
A.0. 	Abifarin, Ph.D., IITA liaison 

scientist, WARDA, Liberia. 
M.S. Alam, Ph.D., rice entomologist. 
D. 	Akillo-Betts, Ph.D., rice 

entomologist. 
K. 	Alluri, Ph.D., rice 

agronomist/breeder. 
V.L. 	Asnani, Ph.P., SAFGRAD, 

project leader, Upper Volta. 
E.A. 	Atayi, Ph.D., chierol pariy =;,d 

agricultural economist, NCRE, 
Cameroom. 

M. 	Bjariason, Ph.D., CIMNYT maize 
breeder. 

J. (:hung, Ph.D., maize breeder, 
NCRE, Cameroon. 
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Z.T. Dabrowski, Ph.D., maize 
entomologist. 

Om.P. Dangi, Ph.D., sorghum and 
of millet breeder, NCRE, Cameroon. 

R. Dobson, Ph.D., rice pathologist.
L. Everett, Ph.D., maize breeder. 

continued J.N. Fajemisin, Ph.D., maizecontin dpathlogist/rdr. 
J. Gibbons, PhiD., rice breeder. 
T.G. Hart, Ph.D., chiefofparty, 

NCRE, Cameroon.* 
V.T.John, Ph.D., rice pathologist. 
D.Janakiram, Ph.D., rice breeder, 

NCRE, Cameroon. 
Kaung Zan, Ph.I)., IRRI liaison 

scientist. 
.1.Kikafunda-Twiro, agronomist, 

NC RE, Cameroon. 
S.K. Kim, Ph.I)., roaizv, breedrr. 
F.Hl. 	 Khadr, Ph.)., maize ieeher, 

11TA/EEC:, Zaria. 
T.M.Iasajo, l'h.I)., rice breeder. 
D. 	Makomnon, Ph.I)., maize breeder 

(visiting scientist , Addis Ababa 
University, Ethiopia. 

. lareck, Pin.i)., maize breed'er. 
1). Mcllugh, extension agrmiomist, 

NCRE, Cambermoon. 
E. 	Navasero, .S., rice quality 

Specialist. 
N.V. Nguu, Ph.)., rice agronormist, 
H.N. Pham, Ph.)., (:I I\IYT maize. 

breede'r.* 
M. 	Rodlriguez, Ph.D., agronomist, 

SAF(RAi), Upplr Volta. 
A.C. 	Roy, Ph.I)., agronomist, NCRE, 

Cameroon. 
IH.Tallyrand, Ph.I).,agronomist, 

NCRE, Canierton. 
K. Wasalho, rice breeder and 

gt.m.ticist,,lCA expert, Saga 
University, Saga, .apatn. 

GRAIN LEGUME IMPROVEMENT 
PROGRAM 
S.R. Singh, Ph.I)., director. 
B.B. Singh, PIt.l)., plant ireeder. 
l..E.N..ackai, Ph.I)., entomologist. 
E.A. Koeneman, Ph.a)., plant breeder. 
E.E. Watt, Ph.)., ilant breeder 

(Brazil). 
V.D. Aggarwl, Ph.)., Ilant breeder 

(IDRC, Upper Volta).
S. Asanuma, Ph.D., microbiolo~gist. 

Y.S. Rathre, Ph.)., entomologist 
(SAFGRAD, Upper Volta). 

B.R. Ntare, Ph.D., plant breeder. 
D. Shannon, Ph.D., agronomist. 
J. Hohenberg, Ph.D., microbiologist. 
N. 	Muleba, Ph.D., agronomist
 

(SAFGRAD, Upper Volta).
 
K. Dashiell, Ph.D., plant breeder. 
F. Wiedijk, Ph.D., entomologist. 
V. Parkinson, Ph.D., pathologist. 
.%. ;owman, visiting scientist (ICI).
 

pest managenint.
 
W. 	Root, Ph.I)., plant breeder (CEC,
 

Zaria).
 
R.K. 	Pandey, Ph.D., agronomist
 

(I ITA-I RRI, Philippines).
 
S.A. Shoyinka, Ph.D., plant breeder 

CEC, Zaria). 
Farouk El Sayed, Ph.)., plant breeder. 

ROOT AND TUBER
 
IMPROVEMENT PROGRAM
 
S.K. Hahn, Ph.I)., dirt'tor. 
A.M. 	Almazan, Ph.I)., hioch 'list/fixXI
 

technologist.
 
M.N. Alvarez, Ph.D., plant breeder.
 
I-.V. Bai, Ph.)., cvtoge'ne'ticist.*
 
F.E. Brockman. Ph.D., agronomist and 

project leader, P;,ogramme National 
Manioc (PRONAM), Zaire. 

F.E. Cavenrss, Ph.)., nematologist. 
W.W. 	Fiebig, M.S., extension
 

agronomist, PRONAM, Zaire.*
 
T. Haug, Ing., entomologist, FAn 

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

PRONAM, Zaire. 
I.R. IHerren, Ph.l)., entomologist. 

K. NI. Lema, Ph.)., entomologist. 
B. ILA'hr, Ph.)., entomologit, Brazil. 
P. Neuenschwander, Ph.)., 

entomologist. 
S.Y.C. 	Ng, M.S., tissue culturist. 
.A. ( no, Ph.D., agronomist/breedcr. 

S.Y. 	Pandey, Ph.D., extension 
agronomist, PRONAM, Zaire. 

1). P'rreaux, Ph.)., plant pathologist.* 
Hl... Pfiiffer, Ir., agronomist and 

pri'ct leader, Cameroont National 
Root Crop Inirovei.nt Program 
(CNRCIP), Caieromn. 

(;.I. 	Servmt, M.I.A., administrator, 
PRONAM, Zaire. 

F. SchuIthess, Ing., etonhologist, FAO 
associate expert.

R.I.. lhelbvrge, P~h.D)., plant 

pathologist. 
A.M. Varela, B.Sc., entomologist, Brazil. 
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M. 	Veloso, physical plant services 

officer, PRONAM, Zaire. 


J.A. Whyte, Ph.D., plant breeder, 

CNRCIP, Cameroon. 


J.S. Yaninek, M.S., entomologist. 
E.M. Chukwuma, .esearch associate. 
INTERNATIONAL PROGRAMS 

E.R. Terry, Ph.)., directioI. 
E.F. Deganus, B.S., CAR, 

administrator. 
F.O. Ogunemi, F.C.C.A., accountant. 

TRAINING PROGRAM 
W.H. Reeves, Ph.D., assistant director 

and head. 
D.W. Sirinayake, training officer, 
A.P. Uriyo, Ph.D., training officer 


(agronomist). 

G.A. 	Cambier, I.ic., 


translator/interpreter.

C. Duval, Lic., translator/interpreter, 
E. Molinero, Lie.,
 

translator/interpreter. 

C. Puttevils, Lie., translator/itterpreter. 

RESEARCH SUPPORT 
UNITS 
ANALYTICAL SERVICES 

LABORATORY 
.J.L. Pleysier, Ph ID., head. 

BIOMETRICS 

.. M(;uire, hlI.l)., Iin,'t1iciao.* 

K.N. Nquyi, . PhI)., hiomuwnicimi. 

GENETIC RESOURCES UNIT 

GNET R Oheadandpofficer.C UNIT.,
N.Q. Ng, Ph.l)., head and lant 

geneticist, 

M. Davids, Ir., associate expert, FAD. 
.S., research 

associate.
A.A. Osunmakinwa, 

Mhassociate. 
M.O. Ajala, MS., research associate. 

VIROLOGY UNIT 
H.W. Rossel, Ir., virologist. 
G. Thottappilly, Ph.D., virologist. 
J.W.M. van Lent, Ir., virologist.* 

PUBLIC AFFAIRS AND 
DEVELOPMENT 
J.l'. Keyser, B.S., assistant director. 

J.O. Oyekan, B.S., head,
 
communications and information.
 

'.C.G. 	 Isoba, M.S., communications
 
officer, publications.
 

N.C. Russell, M.A., editor. 
F.M. Gatmaitan,Jr., B.S., senior 

graphic designer.B.Bakare, A.A., coufi'rence officer. 
S. Berberich, B.S., writeir.* 

LIBRARY ANDDOCUMENTATION CENTER 
S.M. Lawani, Ph.D., head. 
G.O. lbekwe, B.A., principal librarian. 
E.F. Nwajei, B.A., acquisitions
 

librarian.
 
M.O. Odubanjo, B.S., cataloger. 
M.A. Aluko, senior bindery


superintendent.
 

S.B. Akandce, M.I..S., assistantcataloger. 

FARM MANAGEMENT 
D.C. Couper, M.S., farm manager. 

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

P.Vr. Hartley, B.S., farm engineer.
 
P.). Austin, B.S., officer in charge,


One. 

PHYSICAL PLANT SERVICES 
J.c;.H. Craig, assistat director for 

physical plant services. 
E.O.A. 	Akintokun, research vehicles
 

service officer.
 
A. Amrani, heavy eujuipment service 

A.C. Butler, huildings atid site service 
officer. 

O.O.A. 	Fawsohe, autootive service 
officer.
ofcr 

.M. Ferguson, fabrication/water utility 
.1service officer. 

N. 	Georgallis, scientific/electronics
 
service officer.
 

J. Lukowski, electrical service officer. 
M.O. 	Yusuf,construction/sit. 

enginering service offictr. 

* Left duringtheyear. 
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