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populations. The need to SiSrec SoilD irec tor fertility, and to protect the farmer's 
gains in crop productivity, are claiming 
an ever greater share of the balance in 
the twofold goal. 

Tile validity of both the productivityand suIstainab~ility sides has heenRep ortk reconfirmned in tile stratgies and 
priorities recently adopted by tileCGAR 
awhole. Ourediumi-Temi Plan.K e poa (1994-1998) has been predicated on a 

balance between research activities that 
result in immediate productivity gains 

In 1992, in commemorating irA's twenty-fifth anniversary, we reaffirmed our goals 
and those that address stability and
sustainability issues in the longer term.of increasingly productive and sustainable agriculture. We held a symposium on•Sustainable food production in sub-Saharan Africa" and published a book which New plan


describes our research contributions on that sailte theme. 
 The proposals in tLe new plan, whichOur anniversary coincides with a time of hard decisionmaking for tileinterna- we developed during 1992,tional agricultural research system is are based a whole, as some traditional donors limit their on tileprinciples outlined in ourfunding commitments to us in the face of new demands at home and elsewhere. It Strategic Plan and the priorities of ouris a good occasion to take stock of our accompli:;hments, in the light of changing first Medium-Term Plan (1989-1993).needs in sub-Saharan Africa. The new plan has been franed in theliTA'S twofold goal, since i.,inc..ption in 1967, has been to increase production perspective we have gained throughof key food crops while replacing traclitional slash-and-burn agriculture with inore successes and failures in recent years.sustainable farming systems. Tihe plan, together with adjustments inWe have done a good job in improving the productivity of major staples inder our managenment structure, illows for aa range of environmental constraints. Our mandate over the past 25 years has balanced approach to commodityincluded root crops (cassava, sweet potato, cocoyams, yans), cereals (naize and improvement and to resource andrice), plantains and bananas, as well as grain legumes (cowpea and soyban).We cropping systems management.have sought to improve yields along with plant resistance to diseases and insect Our approach in planning forpests, as well as as tolerance of abiotic stresses such as drought.
The sustainability par of our original goal, however, now presents a greater 

research ond training activities requires
that the end result should respond tochallenge than ever. While we have introduced resource and crop management needs of tiletile small-scale farmingtechnologies into many national research programs, tileintegrity of tileresource family. We collaborate in thosebase is increasingly threatened tinder tile high cultivation pressure of growing activities vith institutes or development 

Abouw IITA iAconducts research, training, and gernplasm and information exchange activities inparlnership with regional and nationalwas founded in1967 as an international agricultural researchIifa programs inmany parts of sub-Saharan Africa. The researchinshtute with amandate for specific food crops, and with ecological agenda addresses crop improvement, plant health, and resourceand regional responsibilities to develop sustainable production and cro management within afarming systems framework.systems inAfrica. I became the first African link inthe worldwide Research focuses on smallholder cropping systems in the humid andnetwork of agricultural research centers known as the Consultative subhumid tropics of Africa and on the following major food crops:Group on International Agricultural Research (cGmJ), formed in cassava, maize, plantain and banana, yam, cowpe,1971. and soy6ean.
The goal of ilrA's re;earch and :aining mission isto improve theThe Ford and Rockefeller fundations provided initial planning nutritional status and well-being of low-income people of the humidand financial support for IRtA.The Nigerian government provided and subhumid tropics of sub-Saharan Africa.1,000 hectares of land for a headquarters site and research form atIbadan, Nigeria. Funding for iuTcomes from the CGAR and Global links. Cosponsored by the World Bank, the Food andbilaterally from national and private donor agencies. Agriculture Orginization of the United Nations (FAO), and theirrA
is governed by an international board of trustees and is United Nations Development Programme (UNDP),the CGNAisanstaffed by approximately 150 scientists and other professionals from informal association of over 40 governments, internationalabout 40 countries and 1,400 support staff. Most of the staff are organ izations, and private foundations. ThE CGa provides thelocated at the Ibadan campus, while others are at stations and work 

sites 
main financial support for ITA and 17 other international centersin other parts of Nigeria and inthe co.ntries of Benin, Burkina around the world, whose :ollective goal isto improve the quantityFaso, Cameroon, Congo, C6te d'lvoire, Ghana, Malawi, and quality of food production indevelopng countries, DuringMozambique, and Uganda. 1992, cGvau contributed $249 million to their program adivities. 
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proiecrs of the countries that will 
benefit from them; and, to tile extent 
possible, in the zone or under the 
specific conditions in which the results 
will be used. We will reinforce our 
collaborators' efforts to adapt and put 
into farmer's fields the technologies that 
have been developed, 

Activities envisaged in the new plan 
are thus defined for their-socioeco-
nomic as well as physical environment 
to agreater degree thin earlier plans 
have been, as a result of our growing 
experience in the various agroecologi-
cal zones. Miany of our activities during 
the 1994-1998 period will relate to 
western and central African countries. 
As circumstances and funding permit, 
we intend to extend our reseaich 
activities into analogous zones of 
eastern and southern Africa. 

Two zones will receive ur most 
substantial efforts: the humid forest and 
the moist savanna. (See map on page 
28.) In those zones we v ill collaborate 
in research with other international 
centers; for example, with C(IAr on 
cassava, Cit.\vnT on maize, ICRISAT and an 
Italian-us-lBelgian network on cowpea, 
and ICRAF and tICA on resource manage-

ment systems. The Global Environmen-

tal Facility isproviding u: with special 

funds to study the environmental 

impact of improved cropping systems 

vis-a-vis current slash-and-burn 

practices. Those funds complement the 

resources provided by 20 donors to our 

core budget. 


In the mid-altitude savanna and 
woodlands, which are mostly ineastern 
and southern Africa, we expect to be 
able to conduct research cor improve-
ment of banana and cass.va cropping 
systems, including pest management 
issues. With regard to inland valleys, 
which are scattered throughout the 
forest and savanna zones, we plan to 
characterize land-use patterns and to 
begin to develop technologies for 
specific types of inland valley farming 
systems. Together with V ,ARDA,We will 
apply a "consortium" approach in 
working with national programs, 

Hunmid forest 
\Ve are particularly concerned to 
develop sustainable farming systems 
that imitate the primary forest in 
providing for renewal of the soil while 

permitting continuous and more 
profitable cropping. They are likely to 
be based on perennial cash cropping 
with short-term cyc'es of food crops, in 
rotation with fallows of multiple uses
for food, fodder, and resource manage
ment. Such systems will have to be 
adaptable enough to meet economic, 
cultural, and environmental needs 
specific to the locale. 

We have made evcellent progress in 
developing improved varieties of our 
mandate crops for the humid forest. 
Beyond high yields, their value lies in 
resistance to various biological stresses. 
Healthy, disease-resistant crops, together 
with biological control of the cassava 
mealybug and other insect pests, have 
increased the productivity of humid 
forest farming. Our success with the 
mealybug isbeing repeated with bio-
logical control of the cassava green mite. 

Such positive results from environ-
mentally sound and sustainable 
approaches have encouraged farmers to 
adopt, for example, our improved 
maize with resistance to blight, maize 
streak virus, and downy mildew; and 
our improved cassava clones resistant to 
cassava mosaic virus and cassava 
bacterial blight. Further iesearch will 
build on this work, emlphasizing 
resistance to an enlarged range of 
strcsses and high productivity at limited 
levels of external inputs, 

Our experience to date with 

resource management systems in this 

zone, however, has shown how 

complex and difficult it is to develop 

alternatives to slash-and-brn cultiva
tion, and taught us to be cautious in 

heralding potential success. 

Moist savanna 
The moist savanna ur, as traditionally 
called, the Guinea savanna, has a 
higher food production potential than 
the humid forest zone and shows signs 
of becoming the breadbasket for sub-
Saharin Africa. Our improved, disease-
resistant maize, soybean, and cowpea 
varieties are confirming the zone's 
exce!lent production potential and offer 
apromise of fruitful research ahead, 
The adaptation of improved cassava 
clones for selected areas has begun to 
yield encouraging results, 

It isalso becoming clear that 
intensive monocropping systems will 

., '.
 

Lukas Brader, Director General, iTA 

not be sustainable for any length of 
time without measures to help maintain 
adequate soil fertility and counter 
increasing pest and weed problems. 
The parasitic weeds Striga and Alectra 
are particularly severe threats to the 
small-scale farmer. 

Continuing progress in developing 
maize and cowpea lines resistant to 
those pests, combined with improved 
management practices, has helped to 
brighten prospects for intensified 
farming in the savanna. We are 
exploring with particular interest the 
use of legumes in crop mixtures or 
rotations, and enhanced fallow manage
,nent, as areas in which new technolo
gies can make headway against 
problems in the moist savanna. 

Sustaining cominitments 
We have taken initiatives to prepare the 
ground for our work during the new 
plan period in the various zones, with 
careful attention to the requirements of 
our partners. We are mindful of their 
expectations, which have grown with 
our collaborative relations, and of the 
need not to jeopardize the tangible and 
intangible developments from those 
relation'. We want above all to sustain 
our commitments and meet our 
objectives, if necessary through 
modified means, under the narrowing 
budgetary limitations. 

The physical resources for our work 
plan of the next five years ,eside in our 
research facilities, some of which we 
have decentralized to suit activities 
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targetted to specific zones and agroeco- national programs, while we will help conceptutal thinking and technical skills. 
logical conditions. Our goal in decen- them to develop their owvn training Networks for different crops and
 
tralizing those activities has heen to materials. 
 famning systems have linked kcv 
place the research in the areas where InGhana, for example, the national researchers ofa ln(ist e'Cry sul-Saharan 
farmiers grow the crops and where prograim held itwo-\\ eek training co inir,, in developing their research 
national scientists \viii conduct a(daptive Ctourse in research Iarin management activities through inlorirmation and
 
research to prepare the technologies for during 1992, assisted I\ T..\, germplasn exchange. Our training
for 20 stalf 

farelers, from research frns.Next yetr, tie 
 courses Ihtave helped upgrade skills of 

Tihe Iligh Rainf:ill Station at Onne in Glh'naian agricultural authorities will nearly 6,0) scientists and ted lns, 
iehinid ftCWSt zone of soutthcastern organize a course for maize researchers, Itie soine I1.00 griduatedlegree


Nigeriai, atd the Kano St ation in the dI fronit
several West African Citi niries, candidates have lfilled their research 
savanna of the north, are well ustab- With trA and CINwTr Sulpport, :and at requirements using our licilities.
 
lished and :i'e prodiced excellent course in legumes research for Ghana-
 Over the past few years we have 
resulIts in pLUtli n aMdlowpet research, ian trainees, with I IAassistance. evolved niew arrngeuens for collaho
respectively. The Ilumid Forest Station ritive research, taking adi':ntnage of 
in Caineroon, which WAs opened during Promoting collaboration illpro\ved cotumunicaiMons and growing
1992. has set its agenda with Inpromoting our colhhorative activities capahilities of national programs in all 
sustlinhilitv research altthe top. The and building up nationAl programi., itis regions of sul,-Saharain Africa. We hive 
(Yte dIvoire go'erniment apprroved, in essential to be flexible in appr(a ldi arid fo1stered ltie dc'eelopnment of two new 
1992, joint devehIpeIItIt of facilities for sensitive to tie particular chartc'teristics collalorative groups for crop inprove
mnalize research in tie mloist s:i'a[nni, of a prolletl. Political instability. ir' nent and cropping systems researh:at 

ain existing natimn:ml progrn site near gaps hetween the policyimiking aind for naizu and f r rIIt cos. Tlhrough

FerkessedLIOtgIi. i inpletlenting ilmils of'governbnent, may 
 on-firmn resca rdh, hoth groups seek to 

\\ithIthIlajor agroectological zones exist in sonie c(mutries. vhich affects strengthen proficiency in developing
Ii us c)vered in western Africt, we have their ca palilitv to rspnd It)iour lie%\- approI:Icis :ild nIethIii,)dh'gies for 
Ic-en dev loping pl:ins fora station in cOitriIiliOns. Ilence, we seek to :ipply 'solti ions, n0 sill l]\testing ie.
 
I'gaind with isniall teatmIfor research ttitillst appropriate mlls in prepal'r- Vrfolrian1e (if new\ technoilogies. The
 
oin the main crops Oifeastern Africi: for thein to benl'it, in the llnliher inst itutes of 'iclgroup are
ing the \\':I 

plantain, han:inah and cassava. The long ter). frol whit we c ll ffer. working oil related aspects of 
agovernimient has offered use ifficilities Ihluian resources isoften the area ctniun in prolei and neting regularly 
ilNalinlhnge, while I'ALIIhas agreed in nati onal progratiis nibost responsive itoIto exclinge results. 
to provide fina:tcial iipp tr.Ii. iinlprovelei t neaisures, That is whx'lx'e New Iinkages wili Iiahc rat(ories in
 
,ici'iv in I'gandil cannot. hoxever, he tix-' consistenly invested in network- developed countries ire enhancing our
 
flilly developed without additiional ing and Iraining progrms, and why we abi!it' to iralnslate basic research
 

itudi ng for the purpose, given curient :ire ng training aclivities foir ada\'lnces inl)tech n(oihgies \\hich sLIbdecentra lizi 

hu dga ITi expailnded into rk- natioial pro)grains can adlpt
)rIspects. pact. Our ain innet wo Saharanii 


e ire COiMlmenlt1ing the decel- ing and training has heen to assist 
 for their ()\i use. For exaniple, ve are 
lized research infrastnriictureira \,ithit natiiiomalIpr(igrinl. tt imiipro ive levels of woIrking wili tini\ersities in Italy, tle
 

svstell ()i resea ret lJs()n
Iii Farmerweeding his cassava, maize, and cocoyam inGhan s., and Ieegitn. in a e\'pea 
scientists" assigneld to specific ill
pro\'uleen t project which 
Coiintries. 'Thevwill JIiilnpre O relates h iteclini hgical 
ctnlntinicai iI11of research aipplicatioins in cr(p breeding,
 
nleeds between tis and the 
 tentllilogl()gv, and 6Iod science. 
national prograis. l)tiring 1992 As a Iest:ijiif this colliboration, 
wre niade tiree suclh assign- -,na outtr
Irwledge of national
 
llents in tlhe Congo, .6te 
 program requirelents, w\e 
d'Ivoire, and Ghana. 'iould he able to design an 

We iayea:lsoi niade a goodmcI improl 'cl cowpa plant that
 
'eginn1ing in decentralizing otr 
 suits farinners' needs. We will 
traiiing activities in ciop ilso he'able to hring ,iational 
litanageilnent research tio scientists within operational
natl onal prograims. In decetial- scope of this idvatnced research 
iZing stCih acti\ities. we aiini
t tirtigh ir;aitling activities. 
strengthen national capability in 
 Ilinkages with dlonors are
 
training of agricultiural researdl-
 also pr viding iswiith ile
 
ers. As i resulti, 
crop illanage-
 ol(lititliiv
to coritrihtte to 
nient research COtirses will 
 decision-imaking insupport of 
increasingly he organized h' A natitonal agriculltiial research. 



i)uring the \ear \ve actively SUI)pported 

SP..AR-llL Special Prograin for Af'ricain ".Sp 

AgriCulltiral Research, led h\ the \World 

Bank-in respect Of mr 1 nl,1ttC 

coinudilifies a. agroeCii( z IILs.
coliicAi , 

S\AAt is dCeVe Oin g 3 iranwwito\\'irk I"Or 

action, as i basis for re'italiziing 

agrict itural research in tihe iiuitlid Miai 

SdilILtti lnid ZOnIC Iif \\C.st Ard (Ctrif 
Africa. 

In this criticil tiniC for the initernr-

tionl :gricultilI 's 'irch Is.()llm
tnrnrt 
grea .,t conccrn i to preecrv ctie ..l.iTih 

AchitLNCilllents.i Ilie lll(itlll l,llll 

generitcd ill strcngiieing OIfn:tiionial 

iese rc'h ci p>rlIilitlies. Tile invetmlllit, 	 .....+ • . . -D+:i 

thaIt avI niatci. in terrirs ill iacih it-I - .+ 

IsserS. rArnec Staft. And tite b)ody if . ] 

recitR 11Under"aken. aa rr ISCikeCric 
like :aLr(ip thatIhIs beenJ plallteCd aind Winnowing maize in Ghona 

ltl.st C liClticltI he ill order 

t1 prodcihL 
 cI CcXecd i i ,St . costs. which ICicnehits O.,suritcrs as 

well. especl)l' tirial p lations 

Future optious Wlthose iaticilmli( in niatminal 

The I svtcll is CxplIlIrllg Icw cOnIt's r, vritl tI0I lund gr I\\lh. 

clr:rnils for disSCrllirirg re carcth The job If sIretngtherrllng tire hind 
resuts Wiicit SUipic Irlit rite exiting of t lie priv;te sct rn ,agriculliu. in 

extension svst'cls Otiat ionall 'ogr.rilis. rlr to SrilateIAI tlri( llic gr)Itlh aild 
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I)ublic agcMI 'cs in cOnstlring lift fcc If rhte \f:i\ls \\vc inSlite l; ci(st

fo r collla iliraiv cAlill Witih interna- rsc:rrcih and how we prlOrllOte Olr 

fional centers Sluch II I . resuilts. At the Core if" Ur rtc\ reition-


This c rxl1iMlInIll tIlleCorcept f' ship with titc pri\'vate sct'X\r will ie tile 

the "niational ariculturrAil research isstlc of diffcring o rierithil iois-non-

ssterti" folhows flrc worldwide trend of profit vCrsus pfilfi-ei w u hci i 
incre'a;sing rcliincc ()I ll n-g( lcnllten- owiership and uisc ( i initellcia(i 

13al;igeL'icS flor efficienti irtai1.S Of p!Iop ly represented by tir gcntic 

cco irttic growrh.iiMany hiileral ird resotlrces and the Icchnlhigii, we 

privatechonors. is well as lie \\orld 
 dcve lop froili tilti \\e nrrsreW volvitt 

Hink. now tie titeir aid and ]lan ttilieh eqrinabie guilineCs in Olrcdcr to cr'Sre
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reulureittrit that c lipg clluiCitic tat ilc pulterilly grc':it intefits to 

dcircguillt, their eelonirics., il Ordcer Io loil sides can be realized. 

perriti tile private seclIOr toicilirge its Tile centrs iilleld petaps filc 
rolle in icve'llIpilg iic nitional largesl clleetii 0If gcniti r.silurceS ill 
ccllnlOillV. life cl\vhloping world Tlhose resoiu rees, 
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can incre:isc tie pirchiasing )l\vcr Ill Thec (irh is tercfor dlrlctiig a 
ile, ioo r. Efficicrlt, iprfitablc Larrining pIolicy I I P Itctl it g'c'iitr rclSluir'ts 
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Promoting adoption and 
spread of ariculturalsaeo ru 

innovations 
Solutions to many of the problems besetting agriculture in sub-Saharan Africa are 
yet to be found. Indeed, from ascientific viewpoint, some of the problems are as 
yet poorly understood. Agreat deal of research will continue to he required in the 
decades ahead. And for this, international agricultural research has a vital role to 
play. 

Ilowever, emany new agricUltural technologies, including improved practices 
and crop varieties that are v'astly superior to traditional ones-products of national 
and international research-are already available and waiting toIbe used. But many 
of them are sitting on the shelves. They are not getting to farmers and other 
potential users as much as they deserve. The situation raises amajor policy ques-
tion: how much more research should be undertaken in tlhz fice of considerable 
amnounts of unused research resuls? 

Clearly, there is a strong case for the promotion of availible research results, 
and national governments should certainly devote more rcsources to activ'ities 
connected with promoting adoption of proven technologies and innovation.. But 
getting research results diffused and adopted by farmers in sub-S:1haran Africa isa 
daunting task. That isIbecause agricultural extension service.; are either nonexistent 
or inadequately staffed and do not have adequate resources t) reach arners. 

To hasten the process of agricultural development in sub-Saharan Africa, 
noncomventional methods of getting research results to farmers must be sought, on 
top of well-tested traditional approaches. An international agricultural research 
center does not have an easy time indefining an appropriate role in this connec-
tion. The more resources itdevotes to extension-type or dev'elopment activities, the 
greater the risk of diminishing its research effectiveness. 

Ilowever, by analyzing the process of diffusion and adoption of agricultural 
innovations, an international agricultural research center can identify an appropriate 
role. This iswhat we at ITA have done. 

"Impact", a serious concern of the international donor community and national 
governments, isafinal product of the process of technology diffusion and adoption. 
l)iffusion and adoption in turn depend on a large number of"factors, few of which 
are under the complete control of researchers. Most commentators on impact would 
seem not to appreciate sufficiently the complex process leading to impact. 

Given current interest in the impact of agricultural research, it may be useful to 
list the major categories of factors and otitline IITa's strategy to promote adoption 
and spread of the technologies it develops. 

One group of factors isthe characteristics of the technology. A technology that 
isclearly profitable, reliable, and compatible with the farmer's farming systems is 
the more readily adopted and diffused. The inore visible the positi'e attribmes of a 
technology are to the farmer, the more likely he or she isto adopt it. In this context, 
a high-yielding variety has greater visibility than asoil-conserving technology e\en 

though, in the long term, the latter 

technology may he more important. It is 
easier for afarmer to obsenea 
doubling of yield than an improvement 
in the fertility of the soil or a reduction 
in the soil's erodibility. Thus, impact of 

resource management research comes
much mnore slowly because Of its 
inherently low observability. 

Ingeneral, scientists can do a great 
deal to ensure that the technology they 
develop has characteristics that 
encourages adoption. Indeed, many 
people think that low adoption rates 
are due exclusively to the failure of the 
technology. Therefore, they blame 
researchers explicitly or implicitly. But 
poor diffusion and adoption may be 
due to completely different factors. 
Those include economic factors-farm 
size, tenancy, labor, capital and credit, 
water availability and irrigation, prices, 
markets, and infrastructure. 

The personal characteristics of 
farmers-age, level of schooling, level 
of technical knowledge, social class or 
caste, family size, and participation in 
organizations-are also known to be 
important factors. Communication, 
geographical, soil, and climatic factors 
are also important variables in the 
adoption and spread of new agricul
tural technologies. 

irrA's strategy 
Some of the critical factors on which 
adoption and impact depend are 
beyond the control of researchers and 
research organizations. Government 
policies and programs as they relate to 
infrastructure, prices of farm inputs and 
products, availability of credit, irriga
tion, land tenure, and exchange rates, 
among others, all affect the adoption 
rates of new agricultural technologies. 
Moreover, where extension systems are 
poorly developed, adoption rates of 
new technologies are bound to be low, 
and diffusion slow. 

I low have we at IJTA sought to 
promote adoption and spread of our 
research results? First, we have continu
ally studied both the biophysical and 
socioeconomic environments ofAfrican 
farmers, thereby ensuring that the 
technologies we dev'elop are appropri
ate to the socioeconomic environments 
of fanners and are compatible with 
their farming systems. The technologies 
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also address actual hiophysical con-
straints. These characteristics facilitate 
adoption. 

Take tilecase of the cassava 
mealybutg. Our understanding of the 
African environment precluded chemi-
cal control. We also realized that 
resistant varieties, even if they could be 
developed quickly, would not Ihe 
sufficiently rapidly adopted to solve the 
problem in acontinent with poorly 
developed extension services. Ilence 
the strategy of biological control was 
adopted, and its outstanding success is 
now histor'. 

Farmers did not have to ccide 

whether or not to adopt tile
biological 
control technology. They did not have 
to vorry about capital, labor, or any 
input whatsoever. Poor infrastructure 
did not matter, and the only govern-
ient policy that wounted was pertis-
sion to release the beneficial insects. 
Tie technology bypassed farners and 
struck directly at the problemn through-
out Africa's -cassava belt", an area 
larger than continental In ited States. 

The high-yielding varieties we have 
developed bypass Some of tilecon-
straints to adoption, but must still 
reckon with the inadequate infrastnic-
tLre for seed and plaint naterial 
multiplication and distribution. Even 
when tie varieties are available, there 
may he obstacles in the form of farmers' 
personal characteristics (schooling, 
fanily size. etc.), go\'ernment policies, 
and the state of the extension systen 

In trying to fit technologies to the 
socioeconomic conditions of farmers, 
ilTA carries out socioeconomic 

The system can help pinpoint locations 
where agiven technology ha: the best 
chance of perforning well and, 
therefore, wVhere it should be promoted 
for adoption to generate impact. 

Clearly, it isimportant to strengthen 
extension systems in order to promote 
extensive adoption of new teclinolo-
gies. Among tilemany problems of 
extension services is inadequate 
number of personnel wiih tie requisite 
technical knowhow. It is often observed 
that in some countries of sub-Saharan 
Africa, farmers are much oinre knowl-
edgeable than some of the extension 
agents who seek to educate them. Irr,is 
contributing towards strengthening 
extension senices through training. We 
conduct group training cou, ses :nd 
workshops on production and other 
technologies for extension personnel 
including trainers of extension agents. 

We have indica'ed tileimportance 
of conmmunication in the process of 
adoption. Obviously. a farmer can only 
adopt a technology he or she has hIeard 
about and ablout which he or she has 
sufficient understanding. Inan environ-
nent of weak or nonexistent extension 
services, coinmu nication isone area in 
which an international institute can play 
avital and useful role. 

IrTA
seeks to conmlunicate its 
technologies through v'arious types of 
puillications alppropriatte for different 
categories of key players in agriculture. 
In recent years, we have increasingly 
been using tilemass media-newspa-
pers, magazines, radio, and television-
to create awareness and impro\e tile 

chiar.icterization of farming Participants at a media forum workshop visit a Nigerian 
systems as well as on-farm national institute's television studio 
research. In the process of on- ~ 
farm research, emany farmers 
become familiar with new 
technologies which they may 
adopt, and then spread to other 
farners. In other words, on-farm 
research senes an extension 
function through its demonstra-
tion effect. 

Taking into ac:ount the 
relevance of soil and climratic 
factors in the adoption of 
technologies, trrA has developed 
and iscontinually refining a 
geographic information system. 

understanding of [he technologies we 
have developed. To formalize and 
systematize this channel of prolmoting 
adoption and spread of new technolo
gies, we have estahlished the Media 
ronin for Agriculture. This fOnim is 
made up of media personnel as well as 
representatives of farmers, researchers, 
policymakers, extension wturkers, and 
development agencies. 

The Media Fonim for Agriculture 
has initiated what itcalls the Food 
Action Media Service ( F.a.xts ). The service 
has two compf)onents-fe ature articles 
and news for newspapers and maga
zines called -i.v,sBulletins", and items 
for radio, known as "Radio- F..\.Is".It is
 
encouraging the exchange of television
 
programs of agricultural interest among
 
television stations.
 

As a,result of tileefforts of the 
Media Formn for Agriculture, a number 
of newspvapers have established 
"Agricultural Pages" and 'Agricultural 
Columns". And many radio broadcast
ing stations now have agriculturally 
oriented prograis in English and local 
languages. Consequently, agriculture is 
receiving much greater coverage in tile 
mass media. And there is some 
evidence that this is translating into 
mul greater awareness of teclinolo
giesavailable to farmners-hIoth those 
developed by IrrA.as well as those 
generated by nationa! agricultural 
research systems. 

The Media Forum for Agriculture 
has been active in Nigeria since 1989. In 
Ghana, the fornal establishment of tie 
Fortl has been under discussion with 
the Ministry of Agriculture and the 

various arnis oft he miass 
memdia since 1992. But FAMS 
Biulletins are already heing 
used extensively by media 
houses in Ghana. 

rT..
is naking efforts to 
:pearhead the formation of 

' media fra f"oagricltoure in as 
many coointri,s of'sub-Saharan 

Africa as possille. We hope 
,"that such media fOra wvill 

bec(:nie an iiportant channel 
for both tile international and 
national iaricultUraI research 
systems to disseminate 
inforiation ai)out their 
technologies, and thus help 
proimote adoption. 
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No plague on plantains
C r o p TrrAlaunched the first breeding 

progran for plantains in Africa 
during 1987, mainly to producen t resistance to the levastating fungal 
disease of black sigatoka, whichimp rovem e was introdlIced into Africa during
the 1970s. The genetic improvement 
work has succeeded beyond all 
expectations-several hundredCrop improvemenrt research at tm, seeks to improve the productivity of the hybrids between plantains and wild
 

iain staple food crops in suLb-Sahlaran Africa; and, at the same lime, to 
 bananas have bIeen produced. Afirst
enlsure stability of crop product ion for the farmer. main concern is withlnT..\s round of multihcational trials began

breeding of improved varieties for pest resistance and for food quality during 1992 with 10 programs in

characteristics which answer farmers' needs and consulers' preferences. 
 West Africa. wvhile asecond round


Plant breeder. work with sp'cialists in plant health and crop manage- ofad\anced trials began in Africa
 
ment disciplines to meet objectives set for new varieties. In problems that 
 and other parts of the world. 
defy conventional breeding tactics. biotechnol gists may contribute new 
techniquCs to bridge Raps inunderstanding. Better eating from cassava

'[he articles in this section illustrate the range of teclnology and plan- More Africans depend on cassava 
ning inputs which trA applies in breeding, than on any otfier staple food crop. 

TA correspondingly devotes a largeTissue culture triumph proportion of itNlcsourcs to 
Tlhe success of the year for the biotechnology research unit was the first- research on cassava. in breeding for 
ever regeneration of cowpea plantlets, at a relatively high rate. with tissue food (lua lity, the breeder's. 
culture methods. '[his advance has opened a new horizon for genetic t',
biochemis. and socioeconomist's 
transfl :mnation possibilities, paicularly with pest resistance genes for viewpoints need to be Considered, 
cowpea, using novel biotechnological means. as well as those of the Consumer. 

Yam market inBurkina Faso 
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Major advance in 

plant regeneration 


ltiotednological approaches to cowpea improvement mlade excellent progress at 
ItA Cluring 19)2. 

'(edhnicalsuccess in ItnA tissue ctulture research now pernits cowpe:, plants to 
be regenerated from cultured callus, a soft tissue that usually forins where iplant 
has ben cut or damlalgg[d. The new technique can be applied in genetically 
transforming cultivated cowpea with desirable genes fron wild species and other 
sources, 

Regeneration 
Using embryonic leaf and root parts of two ,wwpea lins +IVu6202 and 831)-+i2, 
respectively I.rTA tissue culture specialists first induced callus to form trori the 
cowpeal tissue in one type of culture medium, then transferred pieces of the callus 
to a regeneration mediumni in Which tihey developed into plantlets. The results 
proved thit plaritlets could be regenerated from enbhryonic co\\'pea parts via calis 
cuitures, in the presence of chciicall solutions which proimote their de\'elopnient. 
Tlie achievement has ovviecirit' I imajorI~ott lneck in the application of Itiotecino-
Iigical technIiiqIes for genetic inipro'eniunt of cowpca. IBiotechnology alpplications 
depend on plant regeneration fromh tissue cultutre as atmeans of actually producing 
the transformed plant. 

Problem 
Insect pests are h 1'far the riost severe constraint in cowpea production. Farmers 
who produce towpeas as a cash crop iayV need t inpplvisecticicles as nmay ;is 
three tine.s per r op. 'Thlrat is Cexpensive ;a1(.can create hazards to health :and the 
environment. Faraers wh are not able to spray their crops can1 easilo se 90"o of 
their potential h1iarvCst beCLlSe of insect attack. 

Since 1988, iInI:researchers andl coll;torators inItaly. lie i s.,aid Iicitni haivhe 
leen seeking genet icaffrine arrituigIaos cowpI ch)lose I,1witP; relati'es which \',ill 
eiable tlheii to trarisfer genes that can conf'r tire ca pabil ityvt1 I's ist insect pests, 
(For a suinrnr 'tofachi'x'e ricrs oftIre irternational cOwpC:i biotVlcinogy 

prograin, se,,, Res:ardi scction if't liis reprrt.tilie ctllaboration" 
\'ith a wtorld n:idale for ciwpea irniprtinvernier[t. it.\holds ai roipri'hensivc 

collection of I'ager wicldnles wildI sp'cis. Scientists hop,.. tot ap 

Cowpec picr.,: can now be regenerated from cultured callus (see inset) 

1,. .
 lWide 

-M 


p -rc 

*4Cal 4, 

tle gene pool of wild Iqnaspeciesfor 
traits that the cultivated cowpea lacks
in particular, for resistance to such 
destructive inscct pests as the pod borer 
,tlarniw and several p)Od-sctckitig bugs. 
More than 8,000 lines of cultiva ted 
c'owpea ha'e been screened for 
resistance characteristics, with only 
modest SucceSs. \'.v'goo( SOurces of 
such traits have, however, been 
discovered amlong wild species, 
par'ticularly 1'. t'evillalc. 

Insect resistance traits may take 
such forms as. for example, pubescence 
or hairiness which impedes insect 
attacks, insecticidal compounds, or 
tastes and smells which repel the pests. 
But the genes frol wikl species which 
express those traits cannot easily be 
introduced into the cowpea, because of 
genetic and physiological barriers to 
crossbrecding the species involved. Tbe 
ch anrices for successful hybridization
 
depeld, to :ciOInsioCratl Cextent, on
 
how clhsely re at ed tile species are.
 

Breeders therefore need to enlarge
 
their Inderstanding of geneticaffinit\
 
between the culti\'Ited cowpCl arid its
 
wild relati'es. beforC 1ihey can siccecd
 
in explriting tile gene pool of \vild
 
relatives for cowpea iiuprtvellerit. To
 
this end. plant geneticists at i r.\
have
 
ieen suylvirig tlxonoiic sirilarities
 
ainorig wild I 'ia rclatives over the
 
past three years
 

With;i aspecial focus on the probleil 
of suscc)tihility 1o iriscCl l)stS, tiTA is 
taking two ie"" rCsaC :ll aIpproaches to 

qCgenCtic improviieint: 
1. A\\'ide crtoss'. or inerspi'i ific
 
lrinplasrii divergent
hybricliz:tiin of widel, 
gCntitvpCs fcir i\'aticarid wilI I"'lftp,
 
whicl confc'r rcsislaice to tiletarget
 

2. Ceitic i'nginceririg. by which 
fi r'ign gen's are incorporated into 

ci'wpea in order to edow progeny 
vitli tihe dc'sir'cl n\w laracteristics. 

crosses
 
" " I'i11 species
r'xillta is one wild 
v.ith leaves, stens, and pols,very hair' 

which al' l'rii llrst rahlv ;ipossiile 
sits 'tif ri'sislarcC gCnes. IA+s p:'st 

:1atti pts AtI rOsirug 1'.IV illata a rcd the 
:,'Ia have Always, recsullc' illtle 

clideith ,mItheunhirs .itthe ghoala ir 

"ta-'iin. of~c ,!ll~. cleveliicitl. 
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InBlack 
hybrid embryos, 11TA is,following up 

wide crossing with -emtbryo rescue", to
enable the embryot bantains 
the early stage of life. A second option 
was tested during 1992 wherehy a 
complete, immature pod containing 
embryos was rescued by culturing on 
an appropriate medium. Future 
attempts at wide crossing with cowpea
w\,l benefit from the findings of the 
embryo and pod resC(ue studies. 

Genetic engineering 
Gene transfers from one speics to 
another can also be engineered 1y use 
of Agrobacteiium isa vector, bombard-
nimnt with a "gene gun" (utilizing 
accelerated microparticles), or other 
methods, which are being explored by 
lrrAand its collaborators at Universit- di 
Napoli, Italy and Purdue University, 
ISA. 

In attempting genetic engineering 
solutions, a key requlirement isthe 
ability to regenerate i plant from the 
cells that have been transformed with 
the desired new gene. Following its 
recent success in developing, a regen-
eration system uusing calhus culure, ITA 

plans to test genetic engineering
alppliCatioR.S du~ring 1993. U1TA 
biotechnologists expect to i,,;ethe new 

technique to "grow" a plant from 

cowpea callus transformed ith new 

genes through the use o 

I,robacteriu.,nor a gene gun. 

Shortcut 
Purdue aInd 11TAscientists explored 
another use of callus during 1992, as 
shortcut for testing whether resistance 
genes have been successfully trans
ferred to the plint. '[he rationale w\-as 
that callus can be genetically trans
formed and evaluated more quickly 
than can fully developed plants. Such a 
procedure could save considerable time 
and resources that would otheMwise be 
spent in growing transformed tissues 
into plants of appropriate maturity. 

The experiments showed that the 
pod-borer ,llartica feeds on the 
cowpea callus and grows. After 
transfonnation with introduced genes 
for insect control, callus can be tested 
for expression of the desired trait, as 
indicated through obseivations of 
feeding and growth of AManica. 

sigatoka resistantB a k s g t k e i t n 

on trial po 

Advanced field testing of IITA plantain hybrids resistant to the devastating black 
sigatoka disea:;e began in 1992. The achievement marked a major success, just five 
years after development of the hybrids began, and a major step in the history ofplantin breeding. In collaboration with i,,over 20 national and private institutions 
in sub-Saharan Africa and other parts of the world have planted 13 varieties of 
resistant plantain hyhrids in mltilocational trials. 

The plantain hybrids are being tested for stability of yield and resistance to black 
sigatoka across different agroecologial conditions inWest Africa (in Cameroon, 
C6te d'Ivoire, Ghana, and Nigeria) and East Africi (inllUrundi, Uganda, and 
Zanzibar). 'rhe ultilate aim isto select varieties which incorporate black sigatoka
resistance with high yield anu other qualities desired by farmers and consumers. 

Plantain production faces many problems, however. Farmers cannot easily
obtain disease-free planting material. Some varieties experience rapid yield decline 
two years after planting and most are susceptible to nematodes and weevils. But the 
most important constraint in plantain production isthe prevalence of black sigatoka 
disease. 

Black sigatoka is a leaf spot disease caused by the fungus hv'cospbavrella
fijiensis,which was accidentally introduced into Africa some 15 to 18 years ago.
Most culti\vated MUsnI Varieties are susceptible to this wind-borne fungus. Leaves 
develop brown streaks which grow in size. spread extensively, and turn black. 
tiltimatelv, the leaf tissue (lies. In this way entire leaves become nonhnctional and,in many cases, bearing plants are left with hardly any green leaves at maturity.
Photosynthesis is reduced and small bunches of fruit are produced. From one-third 
to one-half of the yield can be lost from infected plants. 

While the disease can be controlled with fungicides, they are very expensive in 
Africa and could pose health hazards if incorrectly applied in household gardens.
Plantain cuhivars resistant to black sigatoka provide the only practical means of 

control. 

Cooking bananas for sale along Burundi roadway 
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Resistance breeding 
All known plantain variedes are 
susceptible to black sigatoka. In 1987 
scientists at t"m's research station at 
Onne, Nigeria, began to develop 
plantains with resistance to the diseae. 
No source ( fresisti:nce was known in 
plantains: excepting some of its 1iusa 
relatives, which include common 
dessert bananas, starchy cooking 
bananas, and wild spcies. The worst
case scenario was clearly a possibility
the loss of plantain as t major food 
source in tropical Africa. 

Genetically speaking, plantains are 
triploids, having three sets of chron'
soines instead of the two carried by 
ea ny crop plants (which are diploids). 
Plantain breeding isdifficoit because of 
that fact and hectuse chronmosome sets 
are derived from different ancestors. 
Flurthermore, 1)eing triploid, p!antains 
do not nonrinally set sced because they 
are infertile. 

irrA plantain scientists had expected 
their job to consume at least 10 years. 
By the end of 1989, however, the future 
of plantains was already beginning to 
look bright-there had been a break-
through i:. the crossing of susceptible 
plantains with resistant diploid ha-
nanas. 

To achieve resistance, the tl'm 
scientists needed a triploid female 
plantain that would set viable seed 
when fertilized by a diploid male wild 
hanana with genes for black sigatoka 
resistance. Atnong the 110 different 
plantain cultivars maintained in ra's 
germplastn collection, the scientists at 
first found several-by mid-1990 they 
had 28-seed-producing females of the 
preferred type. 

Some so-called French plantains, 
that are reported to set seeds very 
rarely elsewhere, turned out to set an 
average of 5 to 20 seeds per bunch 
under the conditions at Onne, when 
fertilized with viable pollen. False lorn 
plantains, which had never set any 
seed anywhere else, managed as many 
as 2,4 per bunch at Onne. In 1988, in 
crossing tbose plantains with resistant 
wild bananas-dispaate members of 
the genus 1hiMsa-the scientists were 
rewarded with viable hybrid seeds. 

Using enihryo-culhire techniclues to 
overcome difficulties in germination, 

I
 

P 
Among Musa species in the trials isCalcutta 4,a donor of black sigatoka resistance genes 

the scientists produced some 100 hybrid 
seedlings, which were transferred from 
test tubes to field nurseries and 
eventually to the fields at Onne. Late in 
1989 in',\ announced that four of the 
resulting hybrid plantain plants pos-
sessed a combination of quality 
characteristics preferred by African 
consumers and high levels of resistance 
to black sigatoka. The resistance 
character results in t great delay in tie 
onset of symptotms and slow develop-
nient of the disease. Infected plants can 
thus inature apd bear fruit normally. By 
July 1990, several hundred plantain 
hybrids were growing at Onne, 
awaiting evaluation for black sigttoka 
resistance, 

Evaluation trials of the plantain 
hybrids for black sigatoka resistance at 
Onne (in the high rainfall zone of the 
humid forest), lbadan (forest/savanna 
transition zone), :tnl M'latmayo (t'a'S 
humid forest station near Yaounde, 
Caineroon) show (a) a stable resistance 
to the disease across all locations; and 
(b) different agronomic performance 
fromh location to location. 

There are clear differences in bunch 
weight and fruit size. Furthernore, in 
the different locations there are 
significant differences inplant height, 

days to flowering, and length of the 
fruit-filling period. In comparison with 
the more sLscCptible local varieties, the 
hybrids with black-sigatoka-resistance 
have been the best perforniers for most 
of the agronomic characters considered. 

Nigerian trials 

In June 1991, Nigerian institutes began
collaborating with eTA in its own 
rnultilocational trials of some of the 
plantain hybrids, at several locations of 
the country's main plantain-growing 
region. 

A total of 10 trials over a two-year 
cycle have been planted in Nigeria: at 
tiTA'S Onne station and on the research 
farms of the National Root Crops 
Research Institute (NRCIi) at Umudike, 
in the southeast; the National Institute 
of I lorticultural Research and Training 
(Niuorr) and the Federal Agricultural 
Coordinating Unit (FACt) in lbadan, in 
the southwest; and the state ministries 
of agriculture or agricultural develop
mnent projects in Cross River, Akwa 
Ibom, Enugu, and Ondo states, in the 
south. In the private sector, Shell and 
AGit oil companies are each holding the 
sane trials. 

All the national trials were orga
nized by an interninisterial committee 
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for tile
control of black sigaitoka disease 
in Nigeria. The con ittcc had beenl set 
up in IQ8' ly [lie Federal (ovein lent 
of Nigeria with a mandate to organize a 
survey of the black sigatoka problem in 
tle maljor plantl+in-p+rodutcing areas of 
tle country and I,) p pose control 
nlels.,ures. 

In particular. Nigerian trials are 
looking ltthe sevcrity ofleaf spotting 
by lack sigatoka on the ne\ resistant 
lines, and tIlecoIIse(uieiIt effects on 

plMt de.V\e.,lopment and Vield. 
results of the tri.ls show ththtblack 
sigtitok iLts little or no effect oi tile 
new hybrids. Ill Comparisoin witi tile 

suisceltilllC cltliva;rs. resistant varieties 
ha\'e devekoped nirlilv :i11d Vielded 
tiore. Resistant variuties have Iso 
gro\vIl iuILci fastet'r and shown fewer 
sigatoka syntptotnls. 

After those trids, the most proniis-
ing entries will h,esubjected toone 
iOltre roundiof tests, before final 

selection lnd relelse of the lest 
varictits for ditriihition oilrequest. 

I ir.: has aiso sent in-vitro pl:intlets of 
the plantain hybrids to Ghltna aind 
Catherion. '[lie trial!s il (li:lina are 
planted on ti' research firm of time 
Clrops Rese;tli Institute itKutn;si, in 
tiltliiiiiid forest zone. The trialsin 
Canieroon are coordinated ly tihe 
('cu/rt' rgiontalbmtntiieN ciphintains 

Cooking bananas 

(cloin lit"uonibe, iil (ile iLiajor plintain-
and ImI:na na -growing /one of the 
CO1nlti\,I'r tlho.sesets of two-\eatr 
trials, tle aissessmnnt of grouti 
paraimeters lnd bl:,ck sigaitoka severity 
statrted three mIonths after planting. As 
the trials progre.,s, ILA liaise; wit', those 
institutes ,ibout data collectioin and 
analy'sis. 

S.conid rotlnd 
After tle multilocatiOnal e\ auation trials 

al'and selection of hybrids with dusirable 
qualities, another round of breeding ,.'ill'Ihli.ie trils hte also beeil set up in 
be undertakcii to redluce the h\Il'riI's 

cirolosolmte Comphkleents to tile 
triploid level. 

'he h\'l+rids arebeing tv:iluLtud 

tetraploids (i.e.,
they haIve foui sets of 
chromnosomes, arising fOr"1nCrossing of' 
fmlln;ie triploids with malt' diploids. ) 
'l'etraploids atre capalble oicrossing \\ith 
Other Let'rlplfids, afnd poIdLIce seeds 
that are hard and unpleasaint to 
encounter hlicIn tile fruit is eaten. 
When reduced to triploid chronostiaa 
stltus, y eruissing oftetraploids with 
diploids, tlie lbrids no longer produce 
seeds and are thLius ilore dt'sirable to 
consunters. 

ilt,'oved triploid hybrids,which 
the participtitirg prograitns will identify 
as being sltperior. will be rapidly 
multipiied by shoot-tip ciituring. At tie t 

Some varieties of cooking bananas, adistincdlydifferent sister group to plantains, 
can resist or tolerate black sigatoka. Intandem with resistance breeding of plantains, 
IffAscientists at Onne have introduced five different cooking bananas inNigeria.

Since 1987, Il'A has annually distributed about 5,000 cooking banana plantes to 
Nigerian formers and agricultural institutions for multiplication and use. The exercise 
has been a test of whether consumers will accept te taste and cooking qualities of 
those bananas, as an alternative to plantains. 

The taste and texture of cooked plantain and cooking banana appear to be the 
same, according to asurvey conducted by the Department of Food Technology,
University of ibadan. Most of tie respondents ineight randomly selected villages
could not differentiate between samples of the two preparations.

IJ'Astudies have found that cooking bananas are acceptable when bailed at the 
green, unripe stage; but the fruits are too sweet and exhibit avery poor texture 
when fried at the ripe, yellow stage. Ongoing studies have found that several of the 
IrrA
hybrids have superior cooking qualities compared with cooking bananas when 
bailed or fried. Recent studies by (TAhave found that cooking bananas attract lower 
market prices than do 'traditional plantains because of their relatively shorter fingers. 

c'd of the trials. I[rr\l Internmand tile 
tional Network t'ir the Impqrovenent of 
IIllasntar and Plantains ( IiAI')plan to 
multiply further alnd distribolne tie final 
selection of "hnes to naltional pro
graitns, Whit hwill iiiultiplV them for 
distribution tosi:illh ildclrs throughout 
Africa's. hmid ftireM,, :,ine. 

In tlie Fast African country of' 
t Igaiid:l. UI\ is prep:ring oirtle second 
two-year (Ad\VaIcdI ILhse of 
iiuiltilocation;il trials at NantulonLge, in 

collaboration wih the ntlional progran. 

e lush/Ill (It']1,uti di with tilt rcc.mrci 
i 1 jot, t L c hl I in 

Zllziblmr with ltie )ivision of Plant 
Protection. aiid in Kenya with Ithe 
International Centre of Insect Physiol
igv aind Ecology I Iti:i). New partners 

in \\'st Africat llve joined fOr tle 
second phase(if ilt'e nutlti Ocltional 
trials: frtmil C6te d'voire I his/itut des 
./b/G.t . l itailla (U'niversitv of 
Ghana), and Nigeria (Plant Quarantine 
SIerVice litd it'e tgric'ultuIIIlI develoi
1ti2nt projects Of Iio aiid Alil staites I. 

Iii other regions of tilt' world,such 
na tion,al hls/ljtlo tic,p>rogramns a:. 

ini'sl(Wuttcmi deI 'itthrldas /r'ipaicles 
(Cubt t. Ifttfltuici6M dc( hd.'Toll/( 
ugro/,cttario II )itm icai Republic). 
and Quecnsla nd I)eparttnet'i of PIriniar 
Iiiustries (AuIistralia I have requested 

planting iiterials of the improved 
plantain liybrids front irr: for tests in 
favoralile envi rol mtents of their on,. 
iT:sent in-vitro materials to tlhem1 for 
rapid niultiplicaliont and testing early in 
1993. 
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2. The following clia racteristics are
Ques.t for food q af inimportant for cassava which isto heqprocessel in various wavs and kept for 

p11ove m e nonup,,tio cnt-- Il) to several months aftercassvaharvest c Size anrd shape including presence of 

knot-like constrictiins of the tobherois 
root (properties which affect handling) 
" Ease ill peeling 

" I lardness of flesh (affects ease in 
tiTA has conducted research on cassav'a since its inception more than two decades grating)
 
ago. Ithas bred cassava varieties that are high yielding and resistant to such * Fiber content affects quality of end
 
diseases as the African c:issava mosaic virus and cassava bacterial blight, which Iroduct)
 
caiuised complete defoliiaton on( destructi )nof cassava in some Ixtrts of Nigeria in v lois'ure content (affects time
 
tile early 1970s. The success of this work was a major breakthrough in root crop re(luir,2d in processing-lewatering and
 
i v'ovenent for Africa. Farners who adiilpted the iniptoveti cloines were able to crying operattions-and the yield of
 
incre:ise their cassava yieds by a lactor of alInlt three over local materials under food prodlct)
 

heavy disease p'ressorc. ivi..'has also bret varictics which have some iolerance to * Starch content anod quatlity (aflects the
 
certain pests inocttliding C;aSSaVa green mite and cassava ica lybug. In addition, it has swelling capacity antI stickiness or
 
tdiscovered spioIta rl os itoly)phIks-plants With intilt ipIes of the normalI chroino- drawing poxver of ga. one (if the most
 
some ntbner cf 3*: naltiral tetrajiloidS (wit -2 chltroIisOiiic ,iantI triploids (with Iptolar wvays t0 prepar'e processed
 
"i citnhotll1sm)nes )that :irosc from interspCcific lhtilidization. These polypltids, \ith c:ssava)
 
Ieir Ceqpalnded gcnet ic ciilImpti'c nC1jl. tend t have greater vigo ir ill vegetative 0 Color of root flesh
 
g4riwth thal those with the mn011aI c1hro Irtic lhtLs create tile 0 Slgal Content(osonte iiel'.and 

p~ Issilhi lityvif tht pinug ie.w al, I Pr()ductie caIss\ 'loaclInt:. @Enzyme acti\ity (affects breadmaking
All these achievenmen s nottvithsta ding, tilLgicaSSaVa iines devI\'0pecI in thle canlv I q alityI). 

years did 3(nt I)osScss t'e or gainoleltic pSa ies wIhich ire normatlly retu ired in 3. For cassava leaves to be consumed as 
fool pirp:rattion ill sotlc African couin:ries. Take tile case of TNIS 3)',72 \wIiich is a vegetable, the following plant 
Iviorecd by breeders and ,onic taLrmers Ihecatise it is high-yielding and resistant to characteristics are examined: 
Iajoiir cassava cIisca ss andt pests. Some farners have conilpla ilned that it dioes not • Yield of thy matter in young leaves 

cook wel: the ttitIiOU-s rOOIts are waxy after Ioiling. I1ence, although it is the
 
varietv Of Cliloicc in MnrV countries, it has a Iower statutis il
 
atrees where certain cooiking tttialities are a critical lactir il Roasted cassava as food inMalawi
alcceptance. ... 

Initi ally. disease-rcsi.tance and high yield potential liealel 
tie priorities ill t'a.S:l Ibreed;ng it inTi. Soiinic 20 years later,
 
by 1989. i tA II:ta cliieetl those prOdiiction-oriented oiectives ,d - ,
 
:ant bcgan !, '"!t its breetling priorities to the suitability of
 
inpito\Cd cassa\a foir cifferent nietlitdis of ft ot prprat ion.
 

Good properties 
Breetlers examline fil' following sets of plant characteristics in 
the cassava lines which they are consitlering as parent lines in 
creating new varieties. 
1.These char:acteristics are especially inpoirtant for consutiers 
vho like to cook ani eat tile cassava riot as soon as possible 

after harvest. 
" Taste (co ntent of stigars, bitter conilpounIs, ariong others) 
"	lttliial tio gerierat e cvariide
 

S'tixturcll'rr ealinmess iipi)il coiking)
 
'Late of posthiarvest biotleteritration Il)hysiih; ical, patlho-1
 

logical) 
* Susceltililit v to prchiarvest rind cracking (pred ispioses root to 
pathiohigica 	 tieterioration). 

[le last two chara cteristics relate toi keepiing qltiaIitv or 
•shclf life", anti are critical in a country such as IIganda where 
coiistmirpt ion witloit ela(hrate IprTcessing is preterrei anti 
where fresh cassav'V roots cornriiandi twice the price of one
daty-oMlc roits. 
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e Capacity for quick regrowth after 
pruning of shoots 
0Sustainability of leaf production 
clu ng ciy periods 
* Resistance to attack by foliage pests 
* Texture (suppleness) of young leaves 
* Color of young leaf lamina and 
petk _. 

e Taste ofrooked leaf lamina (content 

of :.igars, anong others) 

* Vitamin, protein, and mineral content 

of tile
young leaf. 

Breeding 

To satisfy quality preference and 
agronomic needs in particular regions, 
breeding programs are organized which 
conibin,- different genotypes with the 
reqoir I char'icteristics. Over tilepast 

20 years, irr,,
has been using cassava 
varieties from nany African countries 
which express a wide range of charac-
teristics. Inaddition, it\ draws on 
naterials available from the world 
cassava gcriplasn collection at the 
Centro Internacional de Agricultura 
Tropical (CIAT), a sister institute in 
Colonbia. From these materials, irr, 
generates breeding f)OlpUlations with 
parents that are known to possess tle 
characteristics being sought. 

Seed production results from two 
basic types of r-Ilination methods: 
"natural", with reliance on bees and 
other pollinating insects to do the job; 
and "artificial', by hand, with pollen 

kThe 

4 


from specificallyselected parents. File 
artificial method affords greater control 
but isexpensive in terms of time and 
labor, especially considering the large 
nunber of pollinatic,.s required. The 
natural method. coupled with planting 
of tileselected parent in isolated blocks 
(polycross blocks) iswidely used 
especially where selection of a nunber 
of characters isthe objective. 

During tilegrowing period, 
seedlings aie screened for resistance to 
major diseases and insect pests and for 
agrononic characteristics. Such 
evaluations are repeated in clonal trials 
over locations, over periods as long as 
five years, to confirm the consistent 
appearance of the desired characters in 
tile
selected lines. '[he best genotypes 
are eventually ,elected for international 
trials conducted in collaboration with 
several national programs, in order to 
appraise performance in related 
environments and conditions, 

Some of the successful genotypes to 
energe from the selection scheme in 
iTA cassava breeding progrunis are 

bied with local varieties. They serve 
together as patrents in a hybridization 
scheme to combine genetic materials 
from different backgrounds. The 
resulting seed, :and subsequent seedling 
progenies, are in turn put through the 
selection scheme. Sometimes it is 
necessary to rehybridize selections 
among dhe progenies described 

-;-from 

v. Drying fermented cassava paste 

inMalawi 


earlier.-some inportant characters are 
inherited in such afashion that they 
may not be expressed in asingle 
generation of hybridization because 
they may be controlled by recessive 
genes. Repeated cycles of hybridization 
and selection (or, recurrent selection) 
are employed when it isknown or 
suspected that many genetic elements, 
each with a snall individual effect, 
control the character(s). For instance, 
;Tam
breeders are following this proce
dure in a cassava population set up 
,;'cifically for good cooking character
istics and low cyanide potential. 

The current practice, increasingly, is 
to test most quality attributes at very 
early stages of the selection schene, 
starting fron the seedling, nursery for 
cooking quality evaluation. Standard 
analytical procedures, for example 
enzy: , c :issays, are used for measiur
able characteristics such as cyanide 
potential, ad subjective ratings for 
traits, such as taste, color, and texture 
(feel). People faitilitr with the desired 
characteristic in the end product are 
asked to assess the quality expressed in 
each particular variety, on the basis of a 
rating scale. 

One purpose of.such an elaborate 
schenle is to reduce the likelihood that 
new gerniplasm with excellent agro
nomic traits is rejected on the grounds 
that it isless appropriate for food 
preparation than the local materials. 

Another is to raise the nutritional quality 
of foodstuff, since a lot of people in 
sub-Saharan Africa depend on cassava 
for their energy uptake. 

Interaction 
'Fileconplexity of the selection process 
is matched by the conplexity in 
defining and compiling the quality 
criteria to be used. 

Socioeconoinists, who surv~ey 
farners and consumers and learn about 
their food needs, collaborate closely 
with food technologists and other 
biological scientists, who ideritify what 
te desired characteristics are, and with 
breeders who incorporate the desired 
characteristi,_s into the crop. 

cross-disciplinat y interaction is 
continuous among these professionals, 

setting the ,reeding priorities to 
analyzing the properties of the product. 
Such thoroughgoing interaction is 
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The quality of each end product isinfluenced by the cassava genotype 

L 01dub, ) 

Cooking Boiled cassava
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Pounded hfuf 
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Aniala 
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Rowniolerinl I 

essential in the process of capturing the 
range of agronomic and organoleptic 
traits needed for the producer of tile 
cassava root and the consumer of the 
prepared food. 

Consumer preferences among 
traditional and modernizing societies 
may not be intrinsically difficult to 
assess or even satisfy. For the crop 
improvement efforts to succeed in an 
efficient manner, the problem is 
awareness of what constitutes consumer 
preferences, and how to incorporate 
them into a breeding strategy that 
provides for all requirements. No single 
cassava variety can suit all uses. The 
variability among processing properties 
and consumer tastes is evident in the 
following examples (see accompanying 
chart), 

In Ghana, the fresh cassava roots 
are boiled and pounded alone or in 
combination with plantain or cocoyam 
to obtain "fufu" a strong paste or sticky 
dough. Asimilar preparation (also 
called fufu) is made in Nigeria by 
reconstituting the paste from flour 
obtained from dried, fermented cassava. 
Hence the taste or flavor of what would 
look very similar to the casual observer 
is considerably different, 

Gari (grated and "toasted" fresh 
cassava) is a popular food in most parts 
of West Africa. The strong acid taste of 

L! TulpjMyondo 

Processing End Cproducts 

gari is acquired through fermentation of 
the fresh mash. The Yoruba people of 
western Nigeria appreciate the flavor, 
but the Ibos, who make tip most of the 
eastern Nigerian population, do not. 

In Zaire where cassava leaves are 
ver-y popular as a vegetable, consumers 
prefer leaves that are dark green and 
possess a level of mosaic (2-3 on a 
scale of 1-5) because they believe they 
are tastier and do not absorb much 
palm oil when cooked. On the other 
hand, Sierra l.eonians prefer cassava 
varieties with light-green leaves, also 
with a level of mosaic (2-3). 

Because of the rising cost of wheat 
flour used in bread, a popular food 
even among tile poor of Nigeria, irrA 
has in the past few years experimented 
with possible alternatives to wheat 
flour. Cassava flour has shown promise 
as a suitable alternative. The variety of 
cassava used to produce this flour 
significantly affects the quality of bread 
made. 

Those flours with a relatively high 
diastatic activity (i.e., above 150 
milligrams of maltose), and low 
maximum paste viscosity, proluce 
dense, pudding-like structures and are 
not suitable in breadmaking. Flour from 
varieties such is ',IS 30001 can, 
however, replace up to 100% of the 
wheat flour in bread and produce a 

Bobolo 
Mangbele
Wet ufu 

good quality of bread in terms of crumb 
stnicture and sponginess. 

From feedback from different 
national programs and from data 
(including food samples from various 
study areas) from reports of the 
Collaborative Study on Cassava in 
Africa (COSCA), ntiA has grouped the 
major qualities that determine con
sumer acceptance of cassava as follows: 
* Organoleptic properties of taste,
 
appearance, texture (mealiness) after
 
cooking
 
e Potential to generate cyanide
 
e Keeping quality/shelf hre.
 

Taste, appearance 
The Ibiochemical/hiophysical bases for 
the organoleptic properties are yet to be 
fully elucidated. Ilence, selection 
attributes are usually made by actually 
preparing the desired dishes from the 
different gk i':9types and making 
subjective judgements on suitability by 
feeling the food or using taste panels, 
members of which comprise persons 
who are familiar with the particular 
qualities being tested. 

)ata from COSCA su'veys show that 
the color and general appearance are 
the most important (lujality characteris
tics for farmers in more than 50% of 
villages surveyed. Traditional white
fleshed .assava produces white-colored 
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ga ri which is ppular in western 
Nigeria., Yellow-fleslhed cassava is 
preferred b\ the Ihos of eastern Nigeria
an( in countries such isGhana, where 
plantain is usuallyv pounded with 
cassava to produce fufu. With the 
increased cost of plantain, farmers 
prefer to use yellow fleshed cassa;'a 
which gives the yellow color that would 
have been implrteJ b\ythe plantain. In 
times pist. pam:oil would hMe been 
added to the gari during processing. 
Pain oil, athough nutriious (containing 
vittamin A), is expensive anod adds 
between 10-30 to the cost of gari 
prepared in this way. 

From 198,1-1989, mnA selected and 
developed some naturally' yellow-
rooted cassava lines from intr, ductions 
from Latin Anterica I'MS 82 01-38 CB 

-80.t 11, TMS 71673, '["S -1693). These 
have a high beta-carotene cortent (30-
32 mi!ligramins per IWOgrains of cissava 
fleshl) aid in add ition yield 'ell, show 
low potential for producing c\'anide 
(.-4.6 milligraims per 10I) atndgrans ), 
are fairly tolerant of c";,,ssava mealybug 
and cassava green mite. Some gari 
manufacturers in Nigeria already base 
their production on two of these lines, 
T,\IS 71673 and TNmS 71693. 

Mealiness after cooking 
Another important organoleptic dlulality 
is the mealy texture of tuberous roots 
when boiled. Farmrs inregifms where 
-the boil aId eat type olfcjssna'l is 
preferred. want \arieties with roots tlt 
ire soft and inea ly"when cooked. The 
exact phimysiologica Ihasis of neAiness in 
boiled cassav':t isstill elusive, although 
some association \\as established in 
1977 ietween this factor and amvlose 
.ontent. What is known is that 
mealiness is strongly influenced by the 
caissav genotype and. season (espe-
cially rainfall). 

trr: re breeding forscientists 
iealiness. Many genotypes ire cur-

rent ly in international collhborative Uials aS %vegetable,anod cut, hoiled, and 
with national programs in such coon- pounded, have been selected and are 
'ries as Henin, Ghana, Guinet, and being tested by national programns of 
Sierra Leone. Extensive on-farm testing those countries where they are favored. 
of such genotypes as TMS 601,h2 and 
TMS 601AI0 in tIganda, a counti , where TrA distributes imlproved germipluam 
cooking (uality isa critical requirement which provides specific characteristics 
for cassav, halve confirmed their wide to national programs with those needs, 
acceptability. The root crop progrim in for selection uinder their specific local 
Sierra Leone has also made its own environmental conditions and distribu
selections of such locally acce,4:rble tion to farmers. Cuttings of those 
improved materials from seed popula- varieties are multiplied a"'d distributed 
lions introduced from UtA. to farmers by prograim personnel in 

various colntries. Examples of such 
Cyanide potential projects include those carried out by 
The issue of hydrocyanic acid tt(cN) or the Rwanda National Root Crop
cyanide in cassaiv: has been a very Program largely supported 1,' the Inc, 
controversial one. In Nigeria, cases of :and tie Cameroon National Root Crop 
food poisoning, some of which have Program funded hy the Gatsby Chart
led to deaths, hav'e been attributed by table Founidation. 
the media to cassava consumption. The Some projects :irecurrently being 
a:Ilegations of pnoahble occurrence of implemexmed in the Ugan(: National 
I cN in the cass:,va food procluct were Root Crop Program, also funded by the 
not based on scientific ohservation. Gatshy Charitamle Foundation, and the 

Fa rmers distinguish two sets of ,lalawi Natiomal Root Crop Programin, 
c:ssa\a'a et ies. funded b-y tsA'I. Inaddition to accom

(aI)Those which can be eaten raw, plishing their immedialte objective of 
boiled, or roasted in an open fire transferring new varieties, those projects 
without prior transformation ire have provided researchers with valualle 
conventionally referred to as sweet feedlack, on the perforimance and 
varieties, suitabilily of those materials. 

(b) Those which ifeaten raw, or Distribution of improved geriplasm 
even boiled or roasted without prior in Africa is especially difficult in the
 
processing, ire prestmIed.l to be harmful. case of catssava, because of quarantine
 
This set is referred to ishitter varieties, regulations \1hich require that new
 

Athough the "high cyanide" varieties breeling materials cin be introduced 
tend to taste bitter, some \arieties iyave into a countr nnly in the form of true 
a high cyanogenic potentia vet (onot seed, with appropriate cheulical anrid
have a bitter taste. This finding,sugges's physica treatments or isin vi:ro virs 
tma tie cyanogenic comipounds are free plantlets. So far ir,\has b'ed over 
different from the factors tha1i imipart i00 genotypes that have reache.d the 
bitter taste, and that these two charac- peak of the selection scheme and ire 
ters coul be septrated through genetic aw:iting evaluation by national 
imanipulation. progr.iis. A,','cIerated transfer of that 

In areas where cassava ishoiled hod!v of gerniplahsm to ational pro
and eaten, varieties with low polential gr.inis was a major preoccuIpation of 
to generate cyanide must he made ItA's root crools progiun during 1992. 
availhble. \,a m'varieties that I'i\e low 
cyanide potential, and that can ie eaten 
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P la n tresearch 

anagement 
Plant health research at irr, isconcerned with the myriad interactions 
among pathogens or other pests, host crops, and the rest of the environ-
ment. By nianipulating pest/crop/enironmei.t interrelations, plant healih 
mianagement scientists aim to create ecologically sustainable solutions to 
today's pest problems and to prevent those of tomorrow. The articles in this 
section illustratc both corrective and preventative approaches. 

A most perplexing pest 
The !arger grain b irer poses one of' inrk's most problematical control efforts 
to date. This pest of stored maize abounds in several environments. The 
perfect candidate for a natural enemy has yet to be found. .\ multifaceted 
campaign isevolving on both sides of the Atlantic with development of a 
systems model, banking on irrA's success with this approach in conquering 
the cassava nealvtbug. 

Model of success 
The biological control program's simulation model of its campaign against 
the cassava mealVbug explains the success of the wasp, 1. lopezi, in control 
,f the pest and the failure of a second natural enemy to become established, 
interaction among the two parasitoids, the mealybug pest, the cassava host, 
and the total environment have been incorporated into the model, 

Systematic problem solving 
Scientists in habitat management 

at i. investigate the 
v~arious environmiental factors which 
promote or militate against healthy 
crop developnent. Hal)itat systems 
analysis provides the basic understand.;ng of a problemn that can help 
in restoring afavoral)Ie environment 
foi a threatened crop. The guiding
premise in selecting interventions is 
to use optimal means which avoid 
creating other problems for the 
people involved and the natural 
resources they depend on. 

The built-in solution is best 
Resistance breeding isthe ultimate 
prevntive weapon in the arsenal of 
plan! health management. irr has 
developed inize varieties which can 
resist downy mildew, a fungal disease 
that threatens maize crops in several 
parts of the sub-Saharan tropics. In 
Nigeria, ,rA isworking with the 
government to control the spread of 
the disease through genetic resistance 
combined with cultural controls, 
chemical seed protection, and training 
and technology transfer to official 
agencies and small-scale farmers. 

Searching for the larger grain borer ina traditional maize store inCotonou 
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Control of the larger 
grain borer 

The larger grain borer doesn't particularly need a diet of inaize for survival. But 
when it finds a cache of dried mnize,itcan quickly infest the area, tunneling from. 
grain to grain and reproducing itself )ebris from the infestationto ahigh density. 

festoons the cainigcd grains, rendering the Whole unpalatible to human consui-


Studies on the beetl,', whose species name is Prost'pba n.i"I(tnicaliuSIlorn 
(Coleoptera: Bostrichidae), in its native Mexico and Central America strongly suggest 
that it is a forest insect and is not primarily adapted to maize. Ilowever, since its 
accidental introduction into Africa during the 1980s, it ha:; become a highly destrtc
live pest of.stored maize and a major threat to food security of small-scale farmers 
in the regions it has invaded. 

An ambitious effort is needed to curb its depredations and thus preserve 
farmers' gains from improved maize varieties. irF has begun to work with cixnr, 
national programis in Central America and West Africa, and European institutes, in a 
multipronged attack on the problem in the larger grain borer's homelands as well as 
its new African hab~itats. Tihe approach comubintes investigations into the different 
aspects of the problem which may he manipulated to achieve control of the pest: 
" the environment where ihe maize is produced and stored: 
" natural enemies which may exist in any part of the pest's varied and dispersed 
habitats; 

the maize itself, and its capacity to resist the pest. 
The objective is to de\elop sustainable and erwironmentally sound strategies for 

control of the larger grain borer. The aim isto help the small-scale farmer by 
reducing food losses and the environmental and health risks from excessive 
insecticide use. 

Invasion 
The African presence of this pest was first reported in Tanzania, East Africt, during 
1981. In West Africa the beetle was first reported in Togo during 198i. It has since 
spread widely on both sides of the continent: Burundi, Kenya, and Malawi in East 
Africa; and Benin, Burkina Faso, Ghana, Guinea, and most recently, Nigeria in 
West Afric:.. 

The introduction of this pest into Africa has resulted in a sharp increase in the 
already high losses of stored maize in the affected countries. Weight loss,.es of 
maize over a six-month storage period in Togo were estimated to have increased 
more than fourfold, fron an average of 7.1Q%6before its appeairance to 30.2%!' 
afterward, according to a report from the Gesellschaft fir Tclchnische 
Zusanmmenarbeit (;rz) of Germany. Total destruction of stored maize can occur 
within six monlhs, leaving small-scale farmers in a potentially desperate situation 
and making the traditional long-term storage of maize impractical in the affected 
areas. 

Other African staple food commodities, especially dried cassava chips, and to a 
minor extent beans and groundnuts, are also subject to attack by the pest.The 
timber used in the construction of stores and houses can harbor populations of this 
pest, providing an interseasonal source for infestation of new lots of stored 
commodities, 

On-farm losses can be substantially reduced ifmaize is dried, shelled, and 
stored in a closed granary or silo and an insecticide applied. Research on improved 
technology for the traditional fItrm setting has, however, found thai such methods 

' 

What the larger orain borer does to stored 
maize 

are not easily practicable for small-scale 
farmers. 

I se of pesticides with stored foods, 
moreover, carries risks of abuse and 
consequent health hazards. Reliance on 
pesticides is apt to encourage develop
ment of strains of the pest resistant to 
the pesticide. 

The best alternative to reliance on 
pesticides, apart from measures to 
promote impro\'ed storage technologies, 
is a biological control campaign against 
the larger grain borer which forms part 
of a perinanent, environmentally sound 
systLmn of pest management. 

Biocontrol? 
Being an introduced pest which causes 
spectacular damige, the larger grain 
borer should be a prime candidate for 
classical biological control. Itshould 
ha\'e natural enemies in its homeland 
which could be imported to control the 
pest as they do back home. ,Moreover, 
the expediency of a biological control 
operation iscompeClliing-a solution 
with minimal or no intenventions by 
extension agencies or farmers is 
attracti\e for aproblem so widespread. 
The success of tirA's biological control 
campaign against the cassava mealylbg 
provides an enduring model for 
scientists tackling other exotic pests. 

The potential ofone promising 
predator, iretriosouiai It,'rescensLewis 
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(Coleoptert: Ilisteridac ),was first 
investigated during the 1990s by 
researchers from carz and the Natural 
Resources Institute ( xml) ill the IlK. 

Several releases of the predator haVe 
been made in logo and Kenya and 
studies of establishrtn-et, dislpersal, and 
impact are currelltly under way. 

7Tnhqw'scv'ns shov,'s a number of 
promising behavioral characteristics 
and is able to suppress pcst popuhl-
tions in laboratory and field-cage trials. 
But our Iprescnt state of knowledge 
suggests thait it ai1le is unlikelv t0 

control the target pe'st adequLtely. 

Studies I irrA and collIbora tors at 

locations in Mexico and Ilonduras 

indicate that it can neither ctontain 
larger grain borer ppIulltiorn increases 
in stores nor mainta in losses within 

,tolerable irits. NuMiplenientar
 
measures nr
rieeeded to increase the 

irpiact of liological control and to 

integrate it with conp.lerlieiitar, 

strategies. 


Reappraisal 
New insights into the ecology and Ipest 
status of the larger grain borer have 
reinforced the need for a realppralisal If' 

control strategies. A picture ertierges of 
a pLes which isvery activc and widely 
distributed, but Which only invades 
ilzize stores i1 p:irilicuthar tiics aind 
localities, under -ircumstarces which 
arc yet Iohe defined. Recent studies at 
the I :n$y2 .ati,, f the Intciat ionail 
Institute ftriBiological Controllltr(I ) 
have shown that the insect can reipro-
duce in the wood of a wide variety of 
trees, inclding a nLtiiiher of iil)orlant 
agroforestrv silpecies. In hutlh its 
SUpi'osCd forest and 1fanIbitats, tlieriia 
larger grain borer isaIihighly disiersive 

creat iUre, witI astrongly seasoal I cycle 
Of flight :lctivi[tvwhich SCelllS tI be 
relateid morte to rain'tall Plat erns than 
avalIaliil it of lize. 

An effective control strategy for thel 
largei gra in Iorer thus calIs f r naB 
integraieid attck on several fronts. First, 
we need to identify the circunlsiances 
which ronlolt esevere inffslai iois of 
nize-l)erhials we, crin lrevent llose 
circlnistances fronii cininig aboul, 
through imodification of th lihiiit or 
the tarniers' harvesting or storage 
practices. \'e also hole ti find inort 

effective naLtural -en'itisof the lIrger 
grain borer, inorder to increase the 
contribution of hioloiical control to 
management of the pest. Finally, weare 
I rDing iore resistato breed nmaize 

v'arieties, which will slow the pest 
buildupIand suffer less damage, (nce 
the p-st ,becomes established in ituize 
stores. 

I)eveloplnert ofan integrated 
control strategy for suc1h awidespread 
and com1ple.x Pest r,e(lire.,s c irefully 
coordinated research in diff-rcnt 
disciplines and g:,ographical areas. IT\ 
hals assembled i co.,ortiunil 0If 
collabora tors, selected hor their 
coripleIientary exp'rtise and geo-
gra1thical location. 

In the Pe.st's latin American area of 
origin, IIr;\ collabora tes with iy..IwT in 

The larger grain borer, Prostephanus 
truncOaUs (normal size: 3-4 mm) 

Mexico and the Escuela Agric'ola 
Panalniericalna ( "i ) in I 1 uridu ias. Also, 
in both the(original ard adoipted 
h101CiInL Of li pCst. irA is working 
Oilsp .,cific resea rch tasks with national 
p)r gra nis; for examinpl e, iin \lxico with 
lie Instilo de IlnCstigaciOC sitCtiOnMia 

Forestales vAgrolpcularias aind the 
Colegio ic PosigriaduiA1S, and in 
Ghana withIi tlie N a l io gicaI 

Ctllntrol Co iiiillte. 
Africaii nt:lioinaILniversities (of 

Ghlnaiann oIt liiri) aid (Gernii 
tinivCrsit iC.(Git'Org-Autgust I niversiiiit 
Gtirigern arid Te'ciliiscCi I'niversi~ii 

erlin) ire piar tf tile teaiii. Linkiages 
have also been fIrrlned with tile 
established research piri graris Oil tIte 
larger grain boIrer of (vul, mu, andI . 

The trap 
With tile 1iiiuncliing oftt ihe nain pIroiject 
in \West Africa in 1992, [Ite seasonail 
incidencea lnd distribution ofIthe Pest is 

being continuIOuslv monitored with tile 
hell ofki commnercially avail:abl, tr:ip 
systelm, which isbased on aiggregatfion 
Pheromone aa chCmical secretion ) of 
the larger grain Iorer. "lehih r lrollone 

tral is being used in three, ccolOgicAlly 
difft erent regions of lunin: .Mhrno 

Province in the southwvest. Zoo in the 
center, and Borgou faiither norli. 

The spread in Henir of T 
uuiiq,,cSCS, first relca:sCd in 'ogo byv crz 
ardilt-r in Mono IProvince Iy Ienin's 
plant Irotection service, is also being 
closely rionitred with tte sarme tralp 

systei. 
Occa siOlnall surve._ys WithIrnatiol l.a 

:esearcliers have alre'ady confirmed the 
presence of the P1est in iirkina Faso 
and, with Nut hel)p. in Nigeria. Sur'eys 
will be exIt-endd iil (ie co(urse to other 
countries believed to be at risk, such :is 
Niger. 

Preliminar' studiCs (Of the ipopuIla
tion dynamics ot the larger graiin borer
 
'Ind s.( c'iatilCd SpCcies il rurail stlores
 
began ai a single site each in Mexico 
arid in llloniuras. Pl)ulationtsofOall 
significant pest insects and Iheir nitural 
eneniies were flltowed froil reliarvest 
through the entire storigC sCalSOl. 
Grain lOisluire content, grain darirage, 
aind weigh losses wvere also ionilored. 
ThIte re"shIts Should fill out ageneral 
licture of tile psit StaliS otf different
 
insects and their interactions. The'
 
results can also su )ptort arialyses oftil he
 
significaiice of such fictors a's inter-pest
 
cImlllpetithi ald naitural enemyv activity.
 

Similiar studies il Benin, which
 
iniduiC niniuliltinoIf t-
lie systn
 
ratiher thai si muplibservat(ioi, are
 
invesligariing tile relative iinlptirtc ofa
 
differenitnl SOtrcCs (f iillfestatioil 
I prelhirvest iifeslailii, lts 

ii lestaii It Ure. allilestorage st ruCc 
aictive t t I i-igra ti sttires) ill SitbSe
quent infes latioIns il Iosses. '[lie 
iriipact (f tiiiL (f hIia'rves.l and il!i,s 
farmier iractiCCs are siiilarly ieing 
invesligaled. For instalce., ritaiize car,s 
wit li good liusk cOvCr ;iih without 
setrious visible insect infestation at 
hauycylinlte coInsiS le,n• shltw reidtuced 
insct l I)ItlllUtitlrs diuring the first 
nonlls of slortirge. SuiIi stilies sthould 
produce recoli nieidaitIns ftor niodify
ing farnier Iir;ticCS in an integratedi 
clntrol '10graii. 
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-- -pursuit 

iTA scientist inspecting a pheromone trap for the larger grain borer 

The research strategy takes into 
account the socioeconoiic variables in 
fanning systems as well. Insome c:ises, 
tIaditional systenis have evolved 
successful strategies for coping with 
pests. On-harm surveys are therefore 
investigating postharvest practices and 
associated pest infestation hy multiple 
regression teclinilLIes. lu:, approach, 
currently being develhped inhenin, is 
expected to he extended to regions in 
Mexico and Central America where 
frining and storage systems may lave 
developed successful responses to 
:mtack by the hrger grain borer. 

Storage practices clearly differ in 
tmary respects between the pest's area 
of origin and its outbreak areas in 
Africa. Whether those differences affet 
tle status of tile pest, and whether 
helpful practices can he transferred 
froi one region to the other, may be 
determined as a result of the current 
investigations. On-frrni studies in Benin 
ire examining infestation and losses in 
traditionaI stores, insect distribution 
within stores and tile extent to which 
surtace samnp es-all tiar can usuallylIe 
collected in surveys-give an accurate 
estimiate of infestation of tile store :s a 
vhole. 

Not into maize 
The observattion that tlie larger grain 
borer's primary host isnot maize opens 
tip possibilities for avoiding or reducing 
tile pest through an integrated control 
strategy. 'rie issues are being exanined 

from two different angles. Populations 
of larger grain borer from diverse 
sources and locations throughout 
Central America ire being assembled at 
r:Ai. Their performance on different 
substrates and their ability to interbreed 
isbeing investigated. Inthe second 
approach, UTA and their G6ttingen 
collaborators :ire trying to determine 
whether smells direct the host-finding 
behavior of the pest. 

Returning to biologicA control, the 
project isworking on known control 
agents and novel and cotnplerue:ir, 
caididates. In another joint trrA-
G+ttingen study, tile predation range of 
T ni{escons is being investigated 
through a biochernica :malysis of the 
gut content of samples caught in stores 
and fligit tnps, both in tile predator's 
Central American origin and in West 
Africa. 

Other natural enemies found alilos 
universaly inassociation with larger 
grain borer, :!nd with other primary 
pests of stored raize, are pa rasitoids of 
the fatinily Perotalid:,e. They are 
known from lahOratr studies to have, 
a cornnparati\'ely wide host range 
inong strirge pests. I lowe'er, aIhrlost 
nothing isknown aOt their effect on 

pest p puti tiniris in rural stores aid the 
extent to which they nmaattack a 
particuhar species. Those questions are 
tnder stth' in ,\lexico. 

New parasitoitks and predators are 
being sought, to enlmnce tIle imrIpact of 
biological control in Africa. 'he search 

isl'eing conduIcted in mnaize store. nd 
likely natural habl'itats of th larger grain 
borer. If the funds car be found, the 

should extend to fungal 
,pathogens (jointly with theTechnische 

Ilniversitlit Berlin) and to parasitic ii,es 
of tile pest (with the Colegio de 
I'ostgraduad( )s in MexiCo ). The 
initiati eon fungi appeairs partiColarly 
promising, inview of the joint success 
Of 1T IIc with patlogens of therA arid 

locust and grasshopper in West Africa.
 
Prospective work wvill require innova
lions in application techniC ties; for
1 

instance, plierorione-haited traps
 
which introduCe pathogens into
 
migratirg pest pIpIulat ions.
 

Finally, work on maize varietal
resistance iscontinuing, together with 

research on farler practices and 
biological control. Gerrnplasn collec
tions have been tested by both U1tAand 
c.\t.\n-r in collahboration with N11and the 
University of Ota.iw, respectively.
 
Some resistance in shelled grain and
 
ears of maize, with or without husks, 
has been identified. Tlie impact of 
these levels of resistace on the stattus 
of tile pests isnot yet clear, so an 
attempt isbeing made to quantify it: a 
selection of local traditional varieties 
and improved maize has been included 
inpopulation dynariics studies in 
Benin. An' reduction in susceptibility 
Gf maize crops mayhtellp tilt (lie balance 
in the agroecosystenr against tile pest. 

The success of this ruiltifaceted 
approaich depends on careful organiza
tion of the work am(ong the far-thung 
team members, as well as integration of 
results in : telling conceptual formrat. 
The results are being incorporated in 
tile development of a systemns model, 
building on tile success of this approach 
in helping to solve the cassava mealy
bug problem. 
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Sia mmeatad le pl la ins 

biological control of the 

cassava mealybugSiulation 


Our readers are probably aware that it has achieved considerable success in Africa 
in the biological control of the cassavalmealybug, Pe'nacocclsmaniltiblat.-
Ferr., mainly by using the parasitic wasp, t:puliocatxislopezi De Santis (Ilyre-
enoptera, Fncyrtidae). That effort was rewarded with the 1990 King Badouin 
Award for International Agricultural Research, won by irrA jointly with the Ceiltlt 
Internacional de Agricultra Tropical ( clAr) in Cali, Colombial. 

Impact analyses of that work, hoth biological and economic, have strongly 
documented the success of'ri.. efforts inworking with nationa programs Of sub-
Saharan Africa to cou nter the threat from the cassa'a inea lyblig. 

But rTAisnot resting on its laurels. As an institution truly committed to research 
and the adlvancemient of learning to guard against further damage from this and 
other threats to food production in sulb-Saharan Africa, where food security is 
especially fragile, it continues to explore ill its research the interactions of various 
factors involved in the biological control of the cassava mcalybug, so that a reliable 
base of knowledge can be created for future use in other campaigns. 

Successes tichieved in practical application notwithstanding, the fact remains 
that more than 100 years of research and practice in classical biological control 
hav'e not yielded a theoretical framework or model that adequately Cxplains all the 
interactions involved in the selection of natural enenies for specific pests. This lack 
of areliable theory, which alone can prov'ide a predictive capability, leads to a 
reliance onia trial-and-error approach, an and-hoc practice one would normally 
hope to avoid in aIsystematic endeavor. But trial-and-error methods can only be 
avoided as more reliable information becomes available froin well-focused research 
specifically intended to extract sich information. This iswhat ITA isaining at, in 
collaboration with scientists at the ni\ersity of l.eiden, the Netherlands, and the 


Tniversity of California at Berkely, t'sA. 

.\lore specifically or explicitly, in considering the biological control ok the 

cassam'a mealybug, it is inportant to aCCOunt for the SUCCess Of soimeIparasitoid 
species where others have failed. Understanding the caiuses underlying such success 
and fatilure involves detailed investigation if related phenomena. For example, w\'hat 
constitutes the pest complex in cassava and what are the dynamics of those pests? 
After all, cassava Often grows in the field for as long as two years, allowing several 
generations of arthropod pests to develop. Inefforts at their biological control, will 
introdlucing fewer or more species of identified natural enemies, or introd Icing the 
species in adifferent order, help? Are the differences obser'ed in the elfects of the 
introduced natural enemies caused by insect biology or by environmental factors 
(extent of rainfall an1d its (listribution, temperattire. huiii dity, soil ntttritiona status, 
plant traits suich as leal'size and growth, cic. Ior th)t? \ht Wtat are tile interaclion,across those sets of factors? Studying pests and their natural cnemies thus blecte.s 
a truly complex matter, especially if we are trying to achieve the ca palbility to 
predict for specific situations. 

This iswhere imodels conie in h;andy. \lModels attetpt to accotunit for the real
world belavior of natural phenotiena (in this case, insects and their natural 
enemies) by deliberately redu cing those phenomena to atset of measu renients that 
can help predict cause-and-effect relationships inahost-pest-environmenl 

complex. Such models are carefully constructed front behavior observed inthe past. 

To respond to an ever-changing situation (as incrop growth antI crop production), 


existing models need to be studied ona 
continuing basis, incorporating real 
from current experiments to test their 

useftilnessand aliity. 

Model developed 
model hadbeencdeeloped in 1988 for one exotic 

parasitoid of the cassava mealybug, E. 
lopezi. It was the first species to be 
introduced (in 1981) into Africa in a 
biological control campaign, and it 
prove(l capable of keeping populations 
of cassava mealybug low throughout 
the year. By 1992, E. lopezi was well 
established in 26 countries across the 
cassava-growing belt in Africa, from 
Senegal in the northwest to South 
Africa in the southeast. \Wherevet it has 
been studied in detail, . lopezi has 
been proved responsible for successful 
control of the cassava mealybug. 

Some years after the introduction of 
E.lopezi, another parasitoid was 
identified and considered useful in the 
African campaign for biological control 
of the cassava mealybug: 1Y. 
lit'ersicornis(I oward) (I lymenoptera, 

Encyrtidae). The two species are 
taxonomically closely related, and both 
are known to ,l;ack the cassava 
mealyblg in the1 , native habitat in 
South America. There have been 
considerable differences, however, in 
their observed efficacy as parasitoids of 
the cassava mealybug in Africa. 

E.dit'nicornis,fi. st released in 
Africa in 1986, does not appear to have 
achieved permanent establishment 
anywhere, according to data available 
at present. Although releases of E. 
,iieimicornis were inade in several 
countries of Africa several kilometers 
away from earlier or concurrent releases 
of h. hopezi,mummies collected one 
year after the releases showed the 
presence only of E. lopezi. Various 
Lctors might be related to this resu lt: 
host plant and host insect incilence in
the fiels, plant growth or nutrition, 
host selection, s(xallocation of 
parasitoids, etc. 

Differences studied 
The considerable differences in the 
observed efficacy of the two parasitoid 
species in Africa have been studied, to 
de\'elop a working model that can 
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Factors considered inevolving amodel for biological control of the cassava mealybug, Phenacoccus manihoti Mat.-Ferr. 

SCassava 

low 
immigration 

Rainfall effects ( Feedback effects 

explhlin the interactions ,ind help 

ritional choices for Ibiologicail cortrol 

efforts in the future. Detailed studies of 

Ile biology of the t( species indicate 


tile frollo\wing: 

1.Cassava plants infested \ith te 

rn1ealVlug produce i suhstince thait 

aittraic'ts feriaile I. h 'i, St thait If. 

lopezi ciin find the cissr;va rnlea!lybug 

even ll vcir low densities, aniessentiil 
lictor frrr tir scies to persist through-
ouLtt season, when the rinealyugtile \wet 
popultiions are lo\\-. The capacity of 1f". 
dirue?/W'Jljis to rind its irntenided host. 
tile cassai ;i rieilybug, his been slito wn 
in field experients to be five tirles 
less tlitn that of- I. lopczi. 
2. Frlther differences hI.comle aip:rrent 

once :ihost colony hits heen found. IE. 

lhp'zi is inore successful iii locating 

and ttacking younger hosts; I'. 

,iv't'eJz'c -,fliseither cainnot find these or 

\when it atticks tem-cu n onl' 

produce :il1eC,iot ferhile, offspring.
3.MUltipurisitisin occuirs: hf. 
diretxicornis l;ir\:re are often killed hy 
i. lopzi. 
i. On several other :tspects investi-
gited, there w'ere noc differences 
between tire two species 

The inodel so far developed for 
biological control of tie cassav.i 

Epidinocarsis 
lopezi 

Cassava 
mealybug ),.aive coccin lids 

t Epidinocarsis
 

leel ofdiversicorni3
 

[1/5 search rare of . lopez,) 
I. EDirectlopezi wins incases 

Direct>effects =of multiple parasitism 

nlelybug by .'*. hopezi incorportes 
these results, conlbining Ltboraitoiy and 
field studies, and enibles weighing of 
the iniportamce ofldifferent fictor's. '[he 
si 1u lat ions gave tire follIowing inrpor-
tant insights: 

the competitive displicenent of if. 
diren,,ic-',llis fronl tie system. As a 
cofnsequence, it did not mitter in w.hici 
sequence the two pa: asitoids were 
released. Witi I'. lop)ezi releised first 
(the reality in our caunpaign in Africa 

• when h'. Iop!'zi aid I. IicNc '\oois or \itil IE. icv'xico, ims released :rnd 
are cripatred, tie egg-laying caplcity, 
longevity. aid food requirenenits of 
either p:irsitoid d1n0t sufficienly 
explain why h'. Iohx'zi \voukl he so 
superior; 

* IF.Iopezi, \ithi its efficient sea rch for 
hosts, cai kee)p iilybug density low; 
• w';ilvher aid soil fictors (such ias 
tvailible \vater ind nitrogen) affect 
plaint grovtlr directly and, in cnse-
q[uence, the size aid ntihei b " f tie 

la:;llvhiugs; 
e this, in turn. affects tire sex ratios of 
the pau'asitoids, clearly i'voring h'. 
lupezi, which cil produice iore 
fetliles on siniall hosts tlhan IE. 
dii'mzcoflfolis, 
0 tile r.eilybugs ire successfully 
controlled by if, lpezi: but this requires 
tmw nites of parasittoi iiniiigrition 
fron neighoriing fields: 
• tile higher host-finding cab:ilility of 
i. lopezi enh;nces its dtillinatiori over 
E.ditvel'iconu is; 

by its dtillinllnce, ih.hopezi caultses 

established first hvpoticticallv), the 
otrCOlle Would hal\e been tile Srllne: 
aind 
* since tile t\\o Spcies coexist in their 
nitive hmil'itil in Brizil iid Par;gUaly, If'. 
di1 eIN'0'uJ.S nust irave other, yeti 1I" 
undeterirnined, hosts, pnolaibly larger 
th:u1 tlie cSSilaV;l niiemllvil'ug. 

Given tihe succ'ess of IE.Iupczi, 
widely recognized by rition;l! pro
gl'ai1S ;itrosSsLr b-Shl;lili Africa. tlie 
biilogicaIl control Laiinp: iign against tire 
ctssav vi isdralwing to n end.iuglybt. 
But releases of IE.diveic'Jitllisin the 
sament ca3111riaigi were i failurt. 'hanks 
to (t:iailed Sludis 1idihtie sirrlition 
noidel tih;t has re.sulIed, We c'Ill it\' 
si\ wihy. 'his is ;rll ilnportrin ctnriblu
tion tr tire science of biological control, 
and it cainIli useftil fol in future 
caunpiigns igiinst other Crop pests. 
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aaging nashostiltyManUnertaken 

to stabilize food production 


In an age of environmentally friendlv technology, it may be inopportLine to talk 
about the hostility of nature. Yet, nature places severe biological limits on crop 
production inAfrica, especially in the form of plant diseases, insects and mites, and 
noxious weeds. Thest- constraints. which are numerous, greatly affect hinmn well-
being on the continent, cornmpounding the scarcity of fod(andI other resources 
available. The harm tihey do needs to he duly recognized. 

Curbing man's wasteful phndur of nature can be cotibined with combating 
nature's curhs on the prodlction if foods essential to hunans. Stresse:. to crop 
growth and fiooid product iol Can he :alleviate(d in ways that do not ero de or destroy 
the natural resource base for fIiut-ure use. I labitt aita agelent isan applroach that 
attempts it)do So, by coImhihiing host pha it resiSta.ce, biological control, and 
cultural practices to achieve synergistic effects. It aims to avoid repeating the 
experience of the last two to three ilecades worklwidte, which has, ,:,r!y" sTon 
that relying on cheinicals for pest control in food proluction isboth dangerous and 
dtestabilizing. 

II hahitt management at IITA, pltant diseases anit insects are addressed mostly 
hy host plant resistance and bioh1gical control, witIt cItItr:l practices providing a 
valu ;leditionat tactic for both types of constraints as well as for weels. But 
there are 'a riations in this theme. Research efforts are aiied at making coherent 
sense front these variatlions, so that tie Itost appropriate cot tbinat ions of utMeasures 
cal be employed for each specific crop pest. The overall goal of lIabitat manage-
ment isto proi'ide ecotogicallV sound pest pre'ention and control strategies for 
sitiatl-scale or StLbsistencC agriculture, on a sustainable basis, 

Ilaluitat mtianageIent thIus calls fOr a long-term effirt, but tile gains are susta.in-
able. Inadd ition, the approacl could yd'ie gains in the short term as well. \'hile the 
iimeliate aim is to protect anil enhance tie relatively lw crop yields in sub-
Saharan Africa, the ral power of Ihis work ties in its ability to help stahilize crop 
pro(duction over time andc hus create more flviorahle circittLsla nces for increasei 
investiient in agriculture..ust Ishusiness Orp Orat ions stay away front places 
where political instability and social uIpheava l prevail, fariers are reluctant to 
invest their labor and scarce 'api tal into environments where plat ldiseases, 
insects, or weeds create a high prohtahbilitv tItattmuchL01 all of that investment will 
be lost. 

Concerted efforts 
In concert ed efforts at habitat management, scientists in plant health tmanagement 
disciplines focus on arthropod pests, nematodes, diseases, and parasitic weels. 
Resiource ancocrop managerment scientists study land :and water management, 
inc(lu(ing weed ianagemeunt or culural pract ices. From working within a habitat 
managentent strategy, crop iproveument scientists, too, gaill insights ahiOlit tie 
plant traits requireil for incorporation and idesiratle agronomic practices. BotI tihe 
effort and the benefits resuIting are tlis ituIt idisciplinary. 

Anumber of measures involve in ha hitat management are alrealy in practice. 
What isno\w heing attenmpteit chilly isto put them in asystematic perspective. This 
is(done by recognizing and ,actively promoting tile interrelationship of three )hases: 
1. diagnosis of tile problem, invoving assessment of pest status, its taxoloiiiiy, 
distrihution, dynamics, life tables. and tile type aiid extent of plant datmage it 
causes; 

2. analysis of habitat interactions, such as Illose between (;I) aI crop, apest, its 
natural enemiies (within Irophic levels , tb acroip nd alternative host plants (across 

pic levels); such an analysis isbest 
at the level of the 

agroccoysterl; 
3. idc ntification ofnlrlanugetic lt 
strategie invilving decisions on which 
proportions and /or comlbinations of 
host plant resistance, biological control, 
and cultural practices can provide the 
lI,,t results. 

Recent work on the bean flower 
thrips, .11l, alurofhri," v'ostedti'y.,boi 
tThysanoptera: lhripidae, is a good 
illustration of this aproaPclh. The bean 
flower thrips isa major pest attacking 
cowpea at an early stage in plant 
development. It canses shedding of 
flower buds, alnd total crop failure can 
result at high levels of thrips popula
tions. 

A first step was to identify the pest 
and its taxonomy, First reported in 
Tanzania in 1905i, tile genus 
,hal'othripshas eight species, seven 
of which arc found in Asia and not 
considered agricultnral pests. 3. 
.s/ostedfiistie only species of this 
germs present on the \frican continent, 
and the only one that causes consider
able dain Ige to \'a riouIS cu lt ivated and 
wild plants, including cowpea. 

A second step was to analyze the 
seasonal abundance of the thrips, 
which showed that in tie rioist 
savanna zone (where aconsiderable 
amount of cowpea is gyrown), popula
tion levels are lower in the first 
cropping season (May-full than in the
 
second season (Sel-Nov). This pattern
 
is ittributaLble to tite fact that p i
pplIa
tions in the first season crop are mtmainly 
frot wild host plants flowering along 
the flow of waterways (iring the dry 
season, as well as frllt soItie herba
ceous legiiuies present in or near the 
cropping area. These populations buili 
up during the first crop and then in'ade 
the field in larger numbers during tile 
second cropping season. 

Paratllel t tI tese inudies, a iioldel 
was designed to stily carnin acquisi
tion and alloct ion in imonocroppeit 
cowpea. The growth ad levelopment 
of a photosensitive covpea variety, 
driven by temperature, solir raiialion, 
soil hphisph1ate, and water was studied 
to detertiine dr,-mattter at trihties. '[he 
inolel was tlhIten used to evaluate tile 
influence of drought stress and (lifferent 
levels of available plhosplale in lie soil. 
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A p'opulaltion model for 11.sjostedli 
was sulbsequently SUlperimfposed on the 
crop model, to eVlulate interactions 
between thrips populations and plant 
growth. At the same lile, and equally 
Importantly, the model was used to 
evalua:te possible interventions with 
biological control, 

The nuodels lLus enab3led II'FIA 
scientists to derive trends or insights 
that can be gainfullyapplied in crop 
management. This information was 
supplemented by carr'ing out exten-
Ni\e surveys, which revealed three key 
factors responsible for the pest status of 
the thrips: (ta)they survive on aIterna-
live host plants during the dry season; 
(b) alt hoigh different natUra l enemies 
were observed attacking thrips eggs and 
larvae, their impact is too low to 

pre'ent pest outbreaks: (c) thrips larvae 
feeding on cowpea plants can cause 
complete shedding of flower buds. 

TIhrat infirmation is no w being used 
in research decisions that affect further 
managerment of cowpea . The lack of 
suitahle indigenous natural enemies, 
combined with a high damige thresh-
old, irakes ,t1. ,ostelti a suitable target 
for biologicall control. 
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Also, the fact that the thrips are 
ftind on a large numlber of alternative 
leguminous host plants means that the 
migration of adIlt thrips aiong the 
various host )lants wotuld need to be 
careful lv understood, so that biological 
control and cultural practices can be 
used to reinforce each other in 
integrated efforts at pest control, 

Examples 
There are other examples of habitat 
management where a new insight or 
piece of informaition, added to existing 
knowledge, can considerably enhance 
pest control: 
1. In IITA's ongoing studies on the 
catssa 'a nea l'bug, it wats found lhar in 
areas where cassavai was grown on 
exceedingly poor, sandy soils the 

mealyhug appeared to escape control 
by :')idinoca:islopezi,. while no 
d:inage was observed in adjacent, 
mIlched fields. It shlIO Id tIus be 
possible to improve the efficacy of E. 
lopi-ithrough cultural practices that 
enhance the fertiliiy and vater-holding 
clpacitv of tire soil, thus combining 
several of niture's own processes to 
improve crop plroduction, 

2. A similar possibility is indicated for 
reducing infestation of the cass:ava 
green mite, though this needs further 
investigation. Field stuidies, backed up 
more recently by computer simulations, 
show that plIting cassava early in the 
wet season mikes it less prone to yield 
damage by this pest. There isalso aI 
clear link between soil fertility, pliant 
vigor, aird mite abundance, with the 
greatest yield losses from mites occur
ring ii plants of intermediate vigor. Th-e 
relationship between mite density an( 
yield isnonlinear. .Iite-infested cIss:ava 
grown on soils of intermediate fertility 
sIu lId thbus receive : high -prioritvin 
research on cultural practices that 
improve soilI ertility and water-holding 
caIpalcity. 
3. The role of wild grasses and sedges 

as hosts of cereal stem horers is not 
well understood. In the past, they were 
regarded as a resevoir for new stem 
borer attacks onicrop, such as maize, 
sorghum, or sugarcane. Recent studies 
indicate that some wild grasses are 
preterred oviposition sites for the stem 
borer, SMS1difliU c(hdainjsi, although 
maize--a ilutritionally SUlperior host
allows for a10-time higher survival rate, 
especially wlen fertilized witlr nitrogen. 

One resulting hypothesis 
can be that tile wild hosts act 
as trap plants; this implies that 
clearing the 1atural veget: tion 
and increasing the area Under 
tiraize will result in greater 
stein horer popJIulations. A 
similar situation has occturred 
in sorie locations of eastern 
and sourtiern Africa, where 
the sten borer k'.danat 

lsacctrin was forced fron 
its wild hosts onto sugarcane 
and niaize when tire natural 

habitat was destroyed. 
.larilel to tils, nattiral 

enenies of iaize borers are 

Clockwise (from top left): an aphid-resistant cowpea developed in 
efforts at host plant resistance; biological control of the cassava 
mealybug by the parasitic wasp, E.lopezi; and weed management ina 
field, using appropriate cultural practices. Habitat management aims to 
integrate these approaches ina strategy that isboth sustainable and 
environmentally safe. 
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exceedingly nre on aizme. It is possible 
they kick :ldaptation to thi host. This 
suggests that nitural enemies to be 
usedt inatbiological control program'against siteml borer:: would need to he) 
adapted to the crop plant rather than be 
specific to an insect pest. l'fforts have 
liegun, both to viliclate t' h'oth 
eses and to search for natural enemies 
w ,itha broader spectrum of croi, hosts, 

Viewed froim Inother ingle, habitat 
m.ln;tgeient consists of a series of 
possilble mnipulaitions to achieve 
itiended effects. lriefly described, these 
are: 

maniplatition of tle crop's microcli-
male (extrenly difficult to achieve, 
except in the lahoratory or greenhouse, 
hut potentiaIly ptossible, for exaniple, 
through tree-plaminiing or affoiestation 

prograus); 

mtinipulition of plamit sirtoldtre, 


achievable through breeding and 

agronoiN: 

o mani puation of tile agro 'cossteln, 

to ilia ke it less suiltable for the pest 
and, or lintIre favoraie for its itolriI 
eneinies: 
- iiianipulation of available ntrition 
for tie natural enenlies; 
* tnaniu ation of lie poipuhat ion o(f 

becncfici:l orgnlisnis: and 

* ibitia diversifica ion, to inCiode 

iore natural cenlies aid achieve 

hetter ecological Itlance. 


In applying ihese imasures, a 

ptIentiail aVCnue tIo ie explored iore 
fully is the develolpient of safer 
products, incltdinl inicrobiial pesticides 
and herbicides, which consist of 
naturaIlv occurring or genetically 
tianipulated organismiis. Work on this 
aspect has begun. 

An enviroilnientally friendly 
apfproach in our context thus miems 
not i relaxing of the gtuard against 
hittic constrainits bit silmiplV a choice Of 
control iiethods that do no lani to 

ipeople or the natural resources upon 
which their livelihood depends And 
when applied iil conbination, these 
metlods can be far more effecii'e in 
the long run than an%, one control 
niethod applied alone. 

C t d-ring the dow n y 

mildew threatto maize 
Boost for resistance breeding from new
 
screening techniques
 

Agricultural researchers like to link the idea of crop protection with crop inprove
ment. Ifresistance to pests and diseises is bred into the plant itself, protection will 
not need to depend on inputs from farmers who, for one reason or another, may 
not be able to deliver tIem :it the right thne. 

Resisaice breeding hias been lthe worldwide strategy of choice p:irticularly with 
Imaize and the f'ung:l disease called "downy' Mildew". Good genetic sources of 
resistince have conic fron ThaiIand aid the Phil ippines. Ilistoric:il ly, resista nce to 
downy inildewN has been siible in inilproved iiiie \lwich his been developed and 
grown in several Souitlit:st Asian ctOinltriCeS aid in North aind Cenrlni Alerica.
 

.ffective CliCenlical lungicides hive been develo ped, but they are not pricticail
 
for long-terni use in Aft ican :1gricuture because tile Coss aMid Iahor involved :ire
 
often too lie:ivv Ior sim:ll-scale a ea r. Furtherniore, fungicides cani lose
irniers to 
efficacv over tile is piilogens evolve resistaince to then. All those considerations, 
is well as the possibly d isrutive inlipact of cheniical fungicides on tile local 
agro ecolhog', iiake lio,,t )1iant resistancet liet best solution itl ternis of sustainiable 
agriculture. 

Downv iiiildew has been recognized as a serious threat to iiiaize Ind sorghum 
crops worldwide since the 1960s. Maize-infecting races of the paIitogen in Africai 
were first reptorted di rintg tile iiiid-1970s. Currentl\. the dise:ise hias been identified 
on nalize in areas of C6te d'l\voire and Nigeria in West Africa Zaire in Central 
Africa Sudin and Sormlia in ta:stern Africi; aid severil countries Of southern 
Africa soutlwird of Zamnbia and tMozambique. 

1Wythe end of 1992, down\, mildew hid invaided seven states in southwestern 
Nigeriai. where approxininalely 150,000 liectares are planted to nmize, or aboutl 10% 
of Nigeria's imlai;,e-produicing areas. The disease was spreading westward toward 
the Re)ublic of lienin ll a rate of about 50 kilometers per year. 

Crazy tops 
The syNniptonis can be inipressi'e: the tassels tnd e:irs can become soi deformed 
that the disease is often called "crazy toip". More frequently, the leaves become 
yellowish or pale, while new leaves grow very narrow and straight. The comnion 
name ot downy tiildew refers to the white downy growth of spores rodiCuiced by 
tie fungus on the underside of infected leaves. Infarmiers' fields infected stalks 
emerge 'vanly above the hlihty ones. Infected plints piroduce noth ing to harvest. 

The tl :tannu:l report for 1975 carried tile following observationls: 
Near Ou'o in tbe.f/friler hesern Slate. maize dou'nr mildeu' t'asfinuil./brtbefin-t 
lime il ,Vqeria, il Ivell-ji'rilizedseed-mtilliplicatin plots. aminmalion (fIbe area 
retealedthat Ibe disealse was vieh'spreadand badbeen preset/fio someyeas, but 
poori/, exprsseld due Io litol standards ,rilization.TMe diseasea-)'ihusbandry 
exists./r /00 1des norlb q/tbe Ot',, area. 

Since then, scientists of ilr-\ and Nigerian reseirch itistituttes htvC devoted miuci 
tiime in studving tile CatiSeS atid iranstnission of tlh disease in SOntlihern Nigeria and 
in developing rcsisia iniiaize varieties. IrrA's iliain pa rtners ii tiis joint effort, 
which has been in oLutSitaidling collaborative suCcess, liave been the National 
Cereals Research Institute; the InstituitC of Agricultural Research ind Training 
(iAtt&r) of Obfitni Awolowo I lniversity; the Federal College of Agrictiltuire it 
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Akure; and the Agricultural Develop-
nient Project of Ondo State at Owo. 

The causal agent of tie disease in 
southwestern Nigeria has been identi
fied as Peronosclerosporasowgbi The 
SOlthwestern Nigerian strain of this 
ftlllgs appears to infect only maize 
crops: under research conditions, it 
does not easily infect sorghl. This 
same nraize-infectivc strain isreported 
to have been very virulent on maize 
crops in central Zaire anil Thailand. It 

(foes not appear to be tile sa rue strain 
as that innorthern Nigeria. where '. 
so,-gbi infects sorghum. 

The southwestern strain also differs 
from its northern counterpart in its life 
cycle, which does not inclule die 
"oospore" stage. '[his crucial difference 

means that the southwestern strain is 
not as likely to be transmitted ini maize 
seed or in the soil. It appears to be 
associated only with a living host-the 
fungus needs to esta lish itself on 

maize seedlings which are not older 

than four \\ eeks. 


Apart frori finding the right host, 

the pathogen needs the right atmino-

spheric conditions in order to surn'ive, 
I limidity isthe factor rn(ost critical for 
the downy nildew fungus in southwest 
Nigeria. l)Uring the rainy season the 
ambieit humniditv perriits it to flourisli 
and reprotduce, given norrial levels of 
otlher environruenita factors (niminlh 
teriipcrature and sunlight). The dryness 
of the air during thie "liariitman" or dry 
season, however, will not support 
reprod uction of tile patlogeni. 

Sofhow does P. sol, bi itanlage to 
survive ibctween rainy seasons? It can 
because iaize iscropped in southwest-
ern Nigeria throughout tihe year in 
different faring svsteriis. 

The hypothe.-is of rrm scientists and 
thleir collal)orators istiat tile soutiwest-
ern P.soi,'bistrainsurvives the diry 
se:tson on maize farrted in the 
•Tadaia": tile lnmoist, low-lying areas 
known as inland valleys. In (he 
fadarias during the dry season, 
inireover, farmners .'hio plant resistant 
varieties may experience an infection 
rate of only 2-5(, of their crop, which 
ishardly noticeabile.

Once the rainy season Ias started, 

hiurmidity builds up again across tile 
farmlands of the southwest. And once 

,, ire 

r I 

11TAand national program personnel inspecting "crazy top" at Akure 

again the wind-borne fungal spores find 
ahospitalfe atmnsphere there to do 
their work for the duration ofanother 
cropping season. 

To counter the threat 
To produice maize lines resistant to 
downy irildew, breeders must cross 
different parents with desirable genetic
cliaracteristics, until tile resuhint g 
progeny bear the right combination of 
traits. l'rogeny are exposed to downy 

iildeX Spores in a test of tile effctive-
ness of their resistance. 

Those lines withi tile lowest 
numbiers of infected plants under 
disease pressure may ihe selected. Since 
1979 trA breeders have selected 
approximately 2.000 maize lines witi 
good SoLrces of resistance, soitable for 
,sub-Salharan growing conditions. 

Pathologists have recently increased 
tie efficiency of screening for resistant 
lines at irr:\. Breeders have been able to 
double the volurite of lines for screen-
ing and economize on ise of riai-
power, by ianipulating tile biological 
clock of the patiogen. Lab facilities as 
well as field sites have been brought 
into play. 

Screening used to enlail a relatively 
higlh volume of field work at awkward 
hours. '[lie patlhogen prevalent in 
southwestern Nigeria reproduces itself 
asexually, by prduicing spores only
after expos're to dayliglt and darkness 

for certain periods, under certain 
teiperature and humidity conditions, 

I intil recently, researchers would collect 
the funogal 'pores or conidia off maize 
leaves as they were produlced, usualy 
earlv ill the morningy at around 0300 
hours, and then use them to inoculate 
maize seedlings. 

In 1991, nr pathologists were able 
to manipulale the periods of light and 
dark in the lab, following a procedure 
developed inrihailand. ThIereafter, 
conidia production corId be transferred 
to inculbators in the laboratory and 
scliedtiled for daytimrue for convenience. 

In 1992, mrTrscientists de\ eloped a 
tecliii(ue for i li;oratol ' inocula tion at 
room temnperature. 'hie technique is 
applied inl producirig infected seedlings 
for infesting field trials of resistant 
rilaize liiies. 

It calls for a iiuch sialler arnou nt 
of conidia-bearing iiaize leaves than 
with earlier methods. The results in the 
screening fields provide tle riiost 
consistent disease pressure yet gerier
ted at I'A. Furthermore, a key 

advantage istiat the procedtire can 
readily be applied in African national 
programs \\iich are screening rimaize 
varieties for good sources of downy 
mildew re.,istance-incubators or other 
expensive eluiniert are not essential 
requiremients. 

Late in 1992, irrA pathiologists 
Modified a tecln iqume fromu Texas ,A&.\t 
University in the ISA,for triIls ofresistant maize lines which are inocw

lated ill aMincuIbmtor. Conid iaare 
collected from infected maize in the 
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field and stored in the incubator. "Iwo- mildew spores have had time to e training and technology transfer to 
week-old maize plantlets are placed in multiply and spread across the land. governmental agencies and farmers 
tie incubator and inoculated With tie Inaddition, elimination of infected nonitoring of the campaign's impact.
conadia. Since virtually no "escapes" plants irom the field early in the course The campaign isscheduled to 
can occur insuch a controlled environ- of the disease (about 10 days after operate for four years beginning in 
ment, the procedure provides for a infection, when the first symptoms 199-i. Itaim., at "blanketing" the seven 
good assessment of resistance levels in apear) can provide effective protec- affected states with resistant maize 
the research materials. 'he lab proce- tion for renaining plants. Farmers are materials, advice on cultural controls, 
,lure also (oubles mA's capacity bfr usually in their maize fields during this and SUpplementary chemical control. 
resistance trials, because they can be time for their first weeding. Local agencies are being provided
conducted in a shorter time than field For the majority of farms at present, with technologies and methods of 
trials, and they can be run year-round. chenmical control can usefully comple- integrated pest management in order to 

nent the protection atfforded by put the campaign on as sustainable a 
Control resistant maize materials. As the footing as possible. Extension special-
It is technically possible to control effectiveness of resistance increases in ists from the state AN's will he trained 
downy mildew disease from southwest- improved maize, the need for addi- to run the campaign with farmers. 
em Nigeria. Resistant maize seeds are tional chemical protection will corre Ke\' to campaign success will be 
available from the National Seed spondingly decline, cultural control at farm level, through 
Service. commercial seed companies, use of resistant varieties, early planting,
and the state agficiiltural development Task force recognition and elimination of diseased 
projects .iwst. Support for farmer llurin )i91, Nigeria's Federal Depart- plants in the field, and reduction in 
participation exists in the agricultural ment ot Agriculture appointed a task dry-season cropping ifnonresistant 
extension system of each state's .ADP. An force whose aim is to control the varieties are being planted.
effective and inexpensive chemical spread of downy mildewv disease. irr\ is Critical points in the control process
control is being marketed (a metalaxyl participating togethlt: with federal and concern treatmrent and use of seed. 
formulation by Ciba Geigy called state governmental agencies for Comnercial seed cotipanies are 
Apron-Plus ). research, extension, and seed supply. treating the seed of resistant and 

State Axols and commercial seed The campaign combines the three susceptible maize varieties for nation
companies, %\t-h have developed in classic approaches to an integrated pest 
 wide distribution through their own or
 
Nigeria recently with governmental manageutent scheme- public channels. Also, AN, extension
 
support and trx. technical assistance, 9genetic resistance specialists will show farmers how to
 
are ditriluting resistant hybrid varieties 
 • cultural controls treat the seed that they produce '!ach
 
and open-pollinated varieties, 1,ot. e cheinical protection year for their next crop, and how to
 
pretreated with Apron-Plus . A -with two more: improve their storage arrangements.
stst airmahl.' and Ilong-term solution for Asimilar plan is being initiated with 
farners would be to procure their t, .Sericetde Iaprotection (ICs r'QLtatlx 
seeds from either SOurce, instead of Technician prepares suspension of downy in toe Republic of ienin, to prepare
local markets where most of tie seed is mildew spores from infected leaves lieninois farmers for the possible arrival 
of susceptible varieties. of the scourge during 199,i. 

li .eders are continuing to improve Control measures for this highly
the revels of resistance in maize . destructixe disease of maize have thus 
varieties. In the best available varieties, been pit in place. With Nigerian public
resistance i.'4about 90% effective, and private agencies poised to imple
xvithout the extra protection of pretreat- /ment an integrated control progranim,


'
 nent with Apron-Plus . Brecders are the esuts o( years of collaborative 
aiming to improve that level up to 951 % research are beginning to bear fruit as 
effectiveness, and to incorporate that . field action. 
into a broad range of maize germplasnl/ 
for different groxving conditions and 
consumer uses. 

In the field, tile surest way for 
farmers to escapc downy tiildew attack 
is to plant their maize as early as 
possihle in the season. Since the maize 
plant is susceptible only (luring its first 
three or four weeks, the crop should be 
planted with the first rains, before the 
humidity has increased and the downy 
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IITA nets private processors 
IITA has produced arange of.'R ues rceposthiarvNest processing eqluipinento 
for cassav~a farmiers. Anetwork of 

mnfacturers has been foroed to 
acce!erate deployment of new
techinology and to spuir local 
miarkets. 

management Humid forest station 
JITA's new station in Cameroon 
offers optimal facilities for collabo
rative research on Africa's humid 
forest zone.

Resource and crop management research at IrrA focuses on means to make 
small-scale farming sustainable, while conserving the resource base. The The inland valley potential
research ismost concerned with the resources of soil, water, insolation Only LIp to one-quarter of inland 
(intercepticn of solar radiation), farm labor, crops and fallow vegetation, valley areas are being farmed. Theand material inputs (chiefly, fertilizer and other chemicals). The articles in first steps in devising means to 
this section reflect those research concerns and the invoh ernent of national unlock more of that potential have 
programs in data collection and adaptive research. been taken at IITA. 

Maling more from cassava Rainfall changes
Results frotn COSCA surveys are throwing light on the best options for Thirty years of Nigerian rainfall data 
cassava improv'ement, inorder to enhance the commercialization ofcassava yield some insights into changing
farming. Findings suggest that the labor-intensive methods of traditional agricultural needs as a result of 
processing prevent farmers from taking full advantage of high-yielding possible global climatic changes.

varieties.
 

Agroecological zones X
 
of humid and subhumid tropical Africa
 

Humid forest ! 

Moist savanna 

Mid-ltitude savanna and woodlands 

IITAstations 1 Ibodan, Nigeria (headquotlers)
2 0Onne,Nigeria .5 Mbolmayo, Cameroon ,": 

3 Cotonou, Benin 6 Ferk~ssedougou, C6te d'lvoire . .
 
4 Kano, Nigeria 7 Namulonge, Uganda ,, J
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How research can help 


cassava farmers nake the 

m ost of the m arket 


Cassava has bcole a higlily commercialized crop for fariers across West, 
Central, and East Africa. Cassava is no longer grown just for food security, to tide 
porl rural louseholds over the "hungry seasons" between an'ests of other crops.
It is a staple food of aronmid 200 million Africans living south of tie Sahara-in 
some countries, Zaire fo r instance, cassava makes up half the daily calories 
constumied hv the average inl itant. It has a ready market whicli fa rmers are eager 
to catur for, according to their resoiurces and accessihilitv to mnarkets. 

The rolie If resarch in this dvnaniiiic situnat ion is to improve farmers +capacity to 
take advantage of tihcO iprtunit is. RlsuIts from the IdVf)O1alI.I*ttiV' Stud 

Catssai\: In :\fric', WO:C.A) reveal that falrllers' inci one fri0 cassava pIodnction is
O 
Most likely to he iImpro,.Ved through changes inl on-fam processing techniques and 
field production methods. Technical advances that frliners need most are (.I)lahor
say ing techihiligies flor processing the harvest ed cassava roots and 11)early-hulking 
varieties that canl h hirvested withiii 12 rinths.a 10 to 


(:(,(: was orgainized in 19881I1a grp of ,naional and international centers 

anrd donr10s, led v I:i\, inorder to reseIrci the iinpact of improved cassava
 
varieties anrd the ct (11)1)ic ienvironmentcof' production. TIc fOuriding c Illalhoirators 
with tHA in the studLy arC C(IA:the Natural Resources Institute of the Overseas 
I)eveloprneiit Adinis:ration, rIK: the Rickefeller l:Oindattiori, which provides the 
basic funirLg: andt ntional teams Of the initial countries to participate: (6te 
dlvoire, Ghia. Nigeria. Tanzania, t'ganda., and Zaire. 

Those six countries were cloSCll bcChelSe tley' collectively prOIuce 70%If 
;\frica's cassava ihanest aind they coinM provide scientists to he'D execute the Study. 

has its owr 

composedeI afa hin eder, anIagronolist, an entorlo "ndin 

F:ih collah>rating courvitt rn)ltidisciplinzUT team assigned to the stidy, 

Ih igisr ecoiioIImist and /ora statistician 

Tlhe first phase (f tlie study cmracterizes tOie cassava inCilIstry ill each ciountry, 
from protl ct0n thIiriougl coIsumpioi , f'Orwhi ich data were collected in 1989. Tile 
seco lI phnis put, tiOgether aldetaiiled portrait of production clata collection was 
comipleted during 1991. D)ata for PhasC Ill. which exaMiiineS postliharvest issues, 
were collected diring 1992. Initial reports covering tile six countries were corn
pleted thlat same year: on cassava distribition, proluCtion trends, processing
potcintial, the come rciailizattion potentiial, and tileinipact of improv'ed varieties in 
Nigeria. 

Nine otlner countries have since joined cosotA, widening [ie coverage to include 
southern as well as vestrn, central, and eastern portions of sulh-Salharan Africa: 
luruntli, Cameroon, Congo, Kenya Liberia, Malavi, Rvanidal, Sierra LIone, and 
Zamlia. Their individual surveys were omlipleted during 1992. 

A throttle on prodrction 

Cassava produictii incr!.s d during the 20 years preceding cosc:A ill70%of the 250 
villages covered in the six original countries. Moreover, cassava prodiction is 
increasing iriall villages where part of tire processing Ms bieer nimchanized. Vliere 
traditional processing tCiniques are eiployed, however. lailor becolies icon
straint hcaIUse peeling, crushing or grating, and toasting of the cassava roots are so 
labor-intensive. Increases in prodIctionil are out of tile (ILIltiotl where lahor for 
processing thie harvest is scarce or too expensive. 

Increasing proCIductioll appears to go
hand inhand with development of 
lahor-saving processing nethods. (See 
figure 1.) In Nigerian v'illages which 
hve ineclianized the grating stage in 
making gari,for example, the propor
tion of land devotem t cassava 
increases inrelation with other crops 

cltivated. Inthose villages, cass:v: is 
displacing such crops as yan, millet, 
sorghum, and/or rice. 

1.Cassava erodurtion trends in
villages having manual processing 
vs. mechanized pirocessing 
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CoSCA survey inCameroon 

Among villages whIich produce 
fermented cassava products, the 
fermentation period isbecoming shorter 
in 20%6 of them. Of those villages, the 
greater proportion has also mechanized 
the grating step in producing gati. 
The are cliarcterized as well by good 
market access and high population 
density. 

The direction for research efforts to 
take isclear. ,.vailability of high-
yielding cassava varieties cannot 
stimulate production increases without 
more efficient processing mcthods and 
conmercialization. Inprovements in 
processing technology should reduce 
the labor requirement, to enable 
farmers to produce and process more 
cassava and to sell more as a result of 
reduced costs. 

Processing makes marketing 
Fresh cassava roots are bulky, heavy, 
and perishable. After processing, 
cassava products are lighter inweight
and easier to transport and store. They 
have a longer "shelf-life". Most products 
can be easily prepared for eating. 

C;OS:A reports that about 70% of all 
tile
cassava harvested is processed into 
i range of food products, whichi0 
includes (in order of importance) chips 
and flours, granules (gari), pastes, 
starch, and alcoholic beverages To it 
significant degree, tileimportance of 
processing (i.e., the proportion of the 
cass~ira crop wihich isprocessed) tends 
to increase with tileimlportance of 
cassva among all crops cult ivated.Thiaovaion al srprsCthineas-
Tat observation supports tile
increas

ing importance of cassava among all 
crops which acconpanies mechaniza-

tion or introduction of labor-saving 
technology, mentioned above. 

Processing becomes more important 
for those villages writh poor market 
access-the less accessible tilemarket 

marketing needs. The main reason that 
farmers gave for abandoning any 
particular variety was too long a 
growing cycle. rlle message appears to 
be that early bulking is chief among tie 
attributes they value in selecting 
cassava varieties to plant. In the suney, 

isfor a particular villige, tilegreater tile high yield cam, second to early 
proportion of its cass.Viv crop which it 
processes.Therefore, the need for 
processing isgreater in villages with 
difficult as opposed to easy market 
access. 

Certain traditional fermentation 
methods, moreover, enhance tile 
nutritive value of tileproduct by 
increasing its protein content. Lengthy 
fermentation and water-expressing 
processes also serve to reduce the 
hydrocyanic potential or production of 
cyanide in tileroot flesh. Some 
processes impart desirable flavors as a 
re.;ult of biochemical changes. Those 
and other product qualities are benefits 
of traditional processing which should 
be incorporated in improved technolo-
gies. 

Quicker harvests 
A reduced growth cycle could feed the 
market-led trend toward expansion of 
production. Itcould also give the farmer 
greater flexibility in selecting crop 
mixtures in intercropping systems. 

Tile cosCA survey in Nigeria 
revealed a high turnover of cassava 
varieties in farmers' cropping systetis, 
indicating that farmers are seeking new 
varieties to fit different domestic and 

2. Relationship between age of 
cassava at harvest and population 
density of farming community (high 
or lowj 
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bulking. 
As commercialization grows and 

land use becomes more intensive uinder 
increasing population pressure, farmners 
need cassa''a varieties that can attain 
optimil size in fewer than tile18 
months required by unimproved 
varieties. The typically long bulking 
period of local varieties was not a 
disadvantage w'hen cassava was grown 
for subsistence or food security-when 
it would remain unharvested in the 
ground until it was needed Cor con
sumlplion. As the prenlil on land use 
increases, however, farmers shorten 
their fallow periods and seek crops 
with early maturities. (See figure 2.) 

The same relation holds with narket 
accessibility-the better tileaccess to 
market, tileearlier the ftrmer harvests 
the cassava. (See figure 3.) 

In cassava research, COsCA sees no 
obvious opportunities for a technologi
cal breakthouglh, comparable to tile 
developnent of tilehigh-yielding 
cereals of green revolution fale. The 
kinds of improvenents farmers want to 
see will be those which lighten their 
labor and hasten their hmrvests, so that 
they can expand production to feed the 
increasing demand. 

3. Relationship between age of cassava at harvest and farmer's
 
access to market (good or poor)
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To help mneet this dcenand, IITAEquipment that ensures 
 scientists organizedI atwo-week training 
course in Feb 1993 for manufacturers 
working with national prograus. Eightbetter use of harvests 
 technicians oragricultural engineersbetteruse ofhaas imany m.Ilnlfi:turers inessrepresenting 
Nigeria-an d one agiicuhural research 
officer (frotn Malawi attendced. The 
trainTs gained hinds-on experience.

Timely harvests and efficient postha-vest operations play acrucial role in the lives Fach was expected to fabricate at least 
of farmers. Appropriate equipment to c:irr Lutthese operations redutces crop waste one piece of equipment identified as 
and enables more complete utilization of tei food crops grown. This is especially most useful in his locality. Most of thein 
true for farmers who are stepping beyond the subsistence stage to farming that can were so enthusiastic tand dedicated that 
generate income. they fabricated Iat least two, with some 

Realizing this, IITA scientists have over the years devoted attention to designing fabricating as nany as four pieces of 
and fabricating improved equilpment. In recent years, the ItavC focused iheir efforts eqluipme::,. 
on the cassava grater. dewatering devices, sifters, stoves, chipping machines, g.ain Anetwork of mtnufalcturers has 
threshers, wincv.ers, ad grinders. been formed. IITA scientists and the 

While the primaryR goals have been to minimize cr(,p losses and improve labor manuifacturers ha'e worked out 
pr(;dtCtiity an I proIdIict qua Iity (which, in turn enhance the wel lie of rural noda lities of cooperation to ensure that women and children), activities that have evolvecd recently include on-flrm testing quatlity specifications are observed andand demonstration of th2 equipment, training of manufacturers, and networking to farmiers will have access to the ii
promote the use of improved equipment. pro'ect e(qIipmCnt. National prograii,:,These objectives and activities stein from I conviction, supported by evidence, who :ire closer to the fairm-level reality
that in improving the quaitV Of firm products, tney also help raise incomes and than can be expected of IITA, will form 
standards of liv'ing for farm families who use the improved equipment. an important part of the network. 

As repored earlier l11HTA.tnnual Rep)orl 1990, pp. 12-13), a,strvey in Moniya One key consideration in selecting
village near Ibadran, Nigeria. revealed significant gains from using improved each piece of eqluipment, in addition to 
equipment for processing cassava: aI douhling of incomes, resutlting from a 72N, its simplicity and versatility, is its 
reduction in processing time and a , cot In handling losses, reliance on inexpensi'e, locally

To test whether that insight isapplicable on a larger scale, IITA his extended available materials and fuel (or power)
on-farm testing tad evaluaItion to 13 sites in , African countries: Nigeria (8), Benin sources. Itmust also be easy to operate
Republic (2), Ghana ( I), .\ alIawi ( I 1, and Togo (I I. These sites also sene to and mainta in. 
demonstrate the equipment heing tested and to train people in its use. As a result, The equfipment fabricated at the 
demand for the e(qlipment is growing, from individual farmers, as well as from training workshop, for example, 
pri\ate entrepreneurs (fabricators of equtipment) and food processing industries included two versions of the cassava 
(small or intermediate scale), grater, one .suitable for small-scale, 

., i In1992, acassava grater, achipping machine, and agrinder designed by the ItriPostharvest Technology Unit 

were introduced to Malawi farmers via the East and Souhem Africa Root Crops Research Network (EsARN).
These implements have helped farmers, poarlicularly mole farmers, develop arenewed interest incassava. In 

- the past, cassava was underutilized and neglected inMalawi because of the tedious steps involved inits 
processing. When grown at all, itwas regarded as awoman's crop and wome borte to brunt of its 

Snprocessing. Men preferred to busy themselves with crops that were less energy consuming and that could 
guarantee asteady income. 

"
g In1993, as aresult of the interest shown by the farmers, an agricultural research officer incharge of 

farm machinery at the Chitedze Research Station inMalawi, Hendrex W.C. Kozembe-Phii, was sent to liTAto 
offend training course on the mantgacture of posthorvest tools and equipment. During the course, he 

learned how t fabrcate achipping nachine for root crop5. "This machine will go along way to help my 
!1!1-{" / Li people utilize cassava better," said Hendrex. He isback inMalawi and has slarted to fabricate the chippingequipment, for which $here isstill ahigh ricmond. 

Phirig' 

IttAactivities through E[SARNhove resulted inthe establishment of afood processing center inMalawi,
which will contain about 12 types of processing machines. Food crops such as cassava, yorm,taro, soybeans,
and maize will be processed at the center. The center will be provided for by ESARRifunds, while IAwill 

th, provide technical assistance.ESARRNnow plans to establish similar processing centers inBurundi, Tanzania, an: Zambia. 
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household use, tile other for larger-scale 
production. The smaller version, 
manually operated, could grate u ) to SO 
kg of cassava per hour; it isestimated to 
cost N20 IS currentfor 
make. The larger vesion, engine

operated, had Ia, .,,acity of I tonne of 
cassa.iva per hour. It cost N3500 
(1 $ 160), considerably less than the 
N13.000 (1IS$600 approx) that machines 
currently in use are sold for. A minua11 
grinder, which cost as little as N80() 
(US$37 ,app-OX), could be Isedl to 
process dried pepper, beans, ym, or 
cass.va into flour in areats with no 
electricity. A chipping machine, which 
could he used for several root crops, 
such as cassavIa, yam. p)tato, or sweet 
potato, as well as for plantain and 
hanana , redIuces lahor dramatically 
(usually for already overmvorked peasant 
women), and it speedls up the process 
of drying the chips in the sun, resulting 
in products with niore desirable traits. 

As farm production rises and more 
farmers go commercial (on however 
small ascale), lemand for such simple 
but efficient farm equipment is likely to 
grow in Nigeria and other African 
nations. Private entreprenurship will 
likely develop to meet this need. Given 
their expertise, IITA scientists will 
continue to provide technical support 
and training to manufacturers, so that 
their capability to sene the needs of the 
local market can be assured. 

Network member (MOORETECH) at AtaNebriatwork mieupmenREt ~noimic 

1100 FTug 
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~at- iiit 

0ITA's new research station 

the humid forest zone 

With the adoption of an "ecoregional' framework for CG;AR activity, ItA has taken 
responsibility for research for sus.',inable agricultural development in three zones: 
the humid forest zone, the moist savanna zone, and (for crop improvement and 
plant health research) the midatitude and highland savannas and voodlands. (See 
map on page 28.)

For research purposes, ir\ has defined the humid forest zone as that region of 
Africa below the altitude of 800 meters abo'e sea level, in which the growing 
period exceeds 270 days and the daily mean temperature exceeds 20'C (luring that 
period. Within the zone, in the Congo River basin of Zaire, lies one of the world's 
large'' remaining rainforests. By global standards it experiences a relatively slow 
rate of clea ring. 

In fulfilling its commitment in that region, ittA signed an agreement for scien
tific and technical cooperation with the Republic of Cameroon on 3 May 1989. The 
rTnAI lumid Forest Stalion was established during the following year, and became 
operational during 1992. 

The new station will facilitate collaboration in humid forest research among 
countries in the zone, which include (in West Africa) Cote dlvoire, Ghana Guin~e-
Bissau, Liberia, Nigeria, and Sierra Leone; and (in Central Africa) Cameroon, 
Central African Republic, Congo, Equatorial Guinea. Gabon, and Zaire. The 
cnvironmenlal importance of the region, and the excellent research facilities ire 
expected to attract a considerable amount of collaborlti've activity. 

The I lumid Forest Station isbeing developed at three sites: 
• an anlytical lahormorv and office building at Nkolbisson, where the l11sf11t (It, 
-chercbh. a,qtnoiniqiw (IRA) has its research facilities, in the environs of the 
national capital, Yaund. 
* a research farni at Mb.alMayo, a)ut -0 kilonetes south of Yalounch, on a 1,000
hectare concession within a,national forestry reserve where the Office national do 
developpement des for~ts (CNAD)E) conducts forestry regeneration research. 
0 an experimental field site of 78 htectares at .\linkoauneyos, near Yaounde.
 

Mbahnayo is in an area which is undergoing rapid agricultural and socioecochange, influenced by the expanding markets and changing demography of 
the capital city Yaound&. The site offers an excellent potential benchmark for 

.humidforest research. No conmparable facility exists elsewhere in this zone. 
A multidisciplinav' team of researchers has been assigned to the Nkolbisson 

and M bahnavo sites, composed of two soil chemists, one soil physicist, one weedscientist, anI one aigriclltural econonist (yet to be recruited). Additional itrA staff 
other locations collaborate to varying extents in the work of the station. 

Issties. Research at the station will aIdress problems of declining soil fertility and 
increasing weed pressure as cultivation becomes tiore intensive with shortened 
fallow periods. 

Populi:tion grovtlh, especialy in trhan areas, has increased demand for food 
crops. 'File nirmal production cycle has been accelerated in many parts of the 
zone redhiing fallow periods and degrading the soils. 

-Farmersneed to have the me;ns to stahilize and increase their crop production. 
The goal is to develop technologies which can stustain increases in crop proCduictioln 
without Ldegrading farmlands. Sisttirtable cropping systems must he evolved so 
tlm stmall-scale falrlnie, do not need to c.ontinue to cleart ile( forest il order to findfertile soil. Firners must be abhe to produce satisfactory hliarvests on land they have 

,,. estn.tion of the remaining forests in the zone isto be arrested.already cleared, if 
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.re (ipS ,I' C01niSidcrcd csWential 
' as :aintn11is hir ' l~haining ,(il ter t iliti'

ritiiiickiig lif' (grig.til i ort'"t WhKi\St 

OcICLtcI the fertile growing,ci iditnins 
Ilitteilef irner seeks;lls>1,M t''l 1 Ci.But the\l itisthMVc Ml; (111 \Alht t lradt 

tile i'iI,t111iIs itr iluitI ingr, .


tl' 'ar
A Ilr intdlIrc.th irng s . lll. 

'lillrlltrv Ii..'M',t dt IlLSi'(irli
e" Vl(.tdInl which Will piividc tile Imasis lor 

,d,VC\ I NI h i, T i10)lil]ut hLItL'h L' ,CS. '1 S 

stirit gic resc;iMl includcs Chihracteriza
tilolth ' ttiriing trnvihinl,,ilelit, 

Sslnirrt (>t i_, prxtesenticfli cite i~t'. 
'la'niing irAlctii.i's. atnd intodelling ofl 
g;rorIrIIcl 'Arid c'Cin llli"pertulliAnc . 

:\ soil Sit flt'rvo I i'.l 1 ( lnrll in 
. wts coi iplettd r I992_ with souppoirt 

The analytical laboratory at Nkolbisson, Yaound6, the capital of Cameroon rion AIstrtli~in lIntcrnaitionrlthe ,c 

I)Dveh lilct A:ssistanc lt' r tu.A 
'egetation sur'veV of' tilec sitc has


Floir nire than a decade, In.'. tha.cclnologics i.l ci i'll)of [lie
ha to l(cdl quirinents.On - tntuienced with file, 

resta'rched basic proce'sses of soil farnt testing will dc,+rinin, whether 
 Carieron National I Icrha;riu an;id two 
ciinsraiiort ;and ;Lgricuhalt ' new technologies (Ia)canl be easily Nigerian universitits: fil'I 'nive.rs it\of 
sistlifability for tie humid forest zonc. aipted I , larinlrs and (l)impirovc lbladan and tie ()atini :\wolowo 
,MUr'ii
cLmiltiponcrit tchlnoli igics have lrodutctivity an1td con1triblute to niver'sitv at le-If. 

alIadV mcciM sustainabilitv. Two instittitions in Calnleroon ;iredCveliiUpd At 1tA'S Ilih 
Rainfll Station ait Onne,Nigcria. Work Currcnt thinking hiolds that in- collaborlting with tileI lumid Fore'st 
at tile new (Callk'lroii stat ion will havc provcd tc1ln lolOgics rav includLe teil Station: IRAandl t'ni'.'itv v Centelr it 
ihe'adstart by in.orpirating those ftollo\wing fcatcl-: I)schang. 'Tit'Ci llaborative Stud'' of 
tecliniili gies aind(ithcr findings in Ceroipping cycles with shoirt managed Cassava i llrica (: ):\ has conductted 
rescu'rcact i\Vitic'.ha lliws of run1Ithiptl-Ptse species (C:llllr StIvev with assistancetile llrotiln 


esearchers ;attilienew statiomn are • crop nfiXtnr..S of pcrnnial cash crops 
 front tie stafion. 'TieC[llaoat.tve 
aitni g to reverst' tditlecliri, in with food crops Group ftor Root And 'l'ube'r Crop0
griC Iitra I priduCti 'iVby ilnprving • long1-ternrllasures to SUtlin soil ln pro.illvllt and Systems Research 

siall-scale crioppirg systelis for tile fertility, involving legitirinous tt'e IW:w1r10 .w'ill [c Cioordinated fron tiei 

ftrested znit. ']'[le will work with species ard soil alirlhndrients to Cmuter station anl develop regiontl projects 
national ilttittfliirs iladaptinig the acidity typical of soils intilezone. on tileiritcgratiln ,oflegumes in 

croppilg systeills. 

Humid Forest Station farm office at Mbalmayo, Cameroon Global benchmark. At tileinvitation of 

te Unrited Nations Itvel priernt 
Prografillnt, st'veral niatioirial and 
rinttrnational organizations., including 

iii..'. havt' sliiitted a1proposal enitled 
"Alteriatives to slashi-aid-lltn" 'rih1 
alit is to hl'lp redtct' glohal warling, 
c01st'r'Vi' hiodiX it'Si.',;rd tlle'.'iat 
po:,tv'rtylrhi tirig tileptin decv'oplent 

I ilttrniativ's tislasi-alih -lirrn 

Fight Ienchniltark sites hatve becen 
ch.iler in a ghbal network fo r 
intesIlve studyS. iiclrdirlg tilehrmid 

'"T'i11I lurilnid l.ircst Station will take 
filet'CA in cLOirdii;llhrig ic.CAR;lli
activities between pairticipating insitut
lions in tile n.regio 
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Inland valleys in Africa 

explored for their 


food production potential 


In the manner of I citv planner who ha5s to look :it a city district or zone rather 

thiin at IndividualI houses. or of t landscape architect who looks he 
 ond iilui%idi 
shrubs or irces, an agiicuIltjra I planner needs to look it total IagrcL)cosysteitis. Inland 
v~illyes are one sticli agroecosysteni On which ir his expended considerahle effort 
over ti le pt two to three years, with encouraging results. 

Is tyeng o .solve complex rblei is ofthe real world, scientists soiiiet iies 

pick ip pieces frt il tie inlledite rality., and adthItheli tip) mtai: larger 

picttir that tcharact nzus the s\stuti s a Whole. Such a chIratterizattiOi provides a 
solid basis f ii understanlding i it cinstrati-ts of the system, and itien resilving them 
gratlutlly thr ugh appri ipriatte technological pr.icict.S. IrrA sci1tists hav, cirried OUt 
Such cIharatcrization work for tl inltl valleys ofSub-Saih:iratn Alrica. in collahora-
tion with other internatiiinal agencies antI natliionll institutins in the region. 

Inland tllt_,vs lrni it lartiular categrovy of wetlands. They are relttively narrow 
atII shtllOW valeyS that OccUr in the uLpper reaches of watrshds. They proiitl a 
high-IN-tntiai trodittioi environmentt for fooi cropS. In suh-S:iliaran Africa. such a 
\'aliley can UxtC tl iP to 2 kiloimieters in Ilength. and its widtlh can iiviar from abhiout 
1(0meters in its Lpptr levels to about 800)Oiieters in its lower stretches. Farmtiers 

cultivtt' [i ith the vtileys and tli' upltld fieltds. 


ThirCc' hvdroih gical iprcCsscs convcrge in the inland valleys: s tepage, runoff, 

atd vertical tluctttiati(ns in the ,'atcr table. 'lopsoil oIIst through erosion that has 

iCcurred uplantl is Ofttn itind in the valleys, making ilicir soils more fertile. 


Numrous crips-rice.,SllgArClllC, GIS.",;i, \':[ill, sweet pottato, maize, legules, 
v'egeta 's, Im;aan and plantain. atning othIivrs-;ire grown in tliese valleys, and 

their poitential vicld.s are 
nLIIihigher hert thain in tpli itld fields ( rice, for example, 
vields -ivs. 1.- tinnes per hlectart' I. The if:lt Soil [OiSlUtre -uringir'.:StiCt' uictUMIC 

pa;rt of the dry scasi in prioitablv expilains tl' wide div'rsity ofcrops grown. 


I)espit' this high potential, only an estiniatetd 1-2' of inl tldvilleys is usL'd 

for crnpping. Reasoiins for this art' lot tuilly under.stid yet. I linian diseases are 

widely prevalent in these ircis, perhaps accounting for their being thinly settled. 
Clearing tile natiurail veget,Iilion anud dc'eloping ild fior f ining is dillicuhI. Ntlner-

1>tlisotiler piroillems have been intiionted: t'rision, intl ICet iy rinof water; 

decreasing soil fertilit v; iron toxicity: pt'st outbreaks; aund wectd infestatioins (whicl, 

in s mie cases. rt'tlucc yields ly ip 
to 60"d, aniong oth'rs. The physical variability 

efthet' valleys, too, tuntis to be high. 


Past rescarch oi inlaind vllvs in Africi 1lis fOcusetd AiiOSt exclusively oin rice' 

cropping. Often. thet ip 1licit ;issulptiion wais l lat ht irrigated rice paddis of Asia 

ciiu Id-I-ir siuiLi t-siIllly be r'proiIuced in Africa io rt'peait tle greci revoluLiion. It 
hi;s ieein cleair from txperience for two dtecades now hiat this will not h;ippen. 

In order t Lind rstand why inid,oirt' iniportanil y, to also understaid how the l 
inlaid1vall t'scan be best lapptd fior food pirodlciion n i sistainahle bi.is, it was 
necessary thitat ;i Sysutnrat it.' Cffirt he tidert;ieken to dfine tlit' va llt'ys ;i tcir 
chrlacteristics in :i practic;il, tiit'inin.,ful wiy. Strategic informatri inw;i,; neetdLed ol 
he types of inl;uld valltys, fit' criop growni on the'i, ;nld tlie typpts of t'chnologic;il 
illprvementshatIllit would be Sltistiinlihle hi CiColOgicillIV :ind cCoit nliic;iIlv. Past1 
reseai:rch ofitn neglected titihr aspet iii cci o1f bias towiardIti it' ilht'r. 

A mtthoidology hlad to hle leveloipetl, which Irr scientists did, in t'onsulttion 
with Specialists elsewhere ( \inarid Staring Centre for Integrated land, Soil, and 
Witer Research. in the Netherlantds, aInd \VARII.,\ in West Africa) and with selecitld 
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national programs where StuidiCs were
nin, Nigeri, irra 

Leone). Surveys \veit' combined with 
vaorioLus other descriptie auldiagnostic 
11S, 1hUild Oil in.Sight1 fron 
pre'ious eXpeCrience." in Ilw' region and 
to characterize Lriniting Systems. trace 

irpiovw priiles aae 
ir\uderlyingt pchinciples andr dile 

for Small-scale farming. 
The principail activities involved in 

thi s apmroa cli fi11 broadl\' into three 
cattegories: (ai) iventoiy and classificai
tiO n; ( lquauitiiiC:tiiOnl of constra i ntis; 
anod (c) design, evaluation, and testing 
of imroVed technologies (see Fig. I). 

In ctarr'ing OLI thSu .ctivities, 
sec(ndarv latai mronti sources.mlerotis 

were used, within le fraitework of a 
geographicaIl information system (GIS), 

often combinld with Satellite imiager, 
to ohtin the detailel information 

needted to deteriiine anId-use patterns. 
Ongoing elfiorts emiphasiz, identifica

tion of the niajor type's of inland 
valleys, sim that their tiop i.sical, 

agroic i, and sociomcionolic traits 
can he verified through direct olsera

tion and other nicans. 

So far, 12 zones (with varying 
agroecological and socioeconioimic 
traits), covering 268 million hectares, 
have been identified, on ilie basis of 
soil type, length of gri iwing season, 

pI)UhiLtiOl densityv, and per ctapita 
incomne. Reuiote seising studies (set' 
biox) have heen completeld for three 

rt'resentative sites in tie zones 
identified. They Ielped estimate the 

t'xten of inland vllleys in (Ie study 

Ireas: Katluna (12.,iW) in Nigeria, and 
Kalhahla . t and Movalba ( I5.71 in 

Sierra Leone. A similar effort is well 
uindler way for Siavi in [Ie Reupublic Of 
Bk'nin, antd stitliCs will be undertaken 
in eight otiier Ilocations, sp;inning six 
othcr countries. 

'O SIpltCi n n iliose eflorts, 

di;ignostic sLrveys, t'xperinients, and 
proct'iess siLIits h;vt' been carried otil 
at re prest'nt;il ie sit es. They inlde 

studics on 

water iii;ianaigt'illcni, to mlixinlize 
drain;igt, Using tiopogriph, aild rainfall; 
• soil t'rilit\'. callling for soil aulend
ntcnits ;pl ;i ppropriitc• pli ii Specit's; 
* weed niliagnii ei, t0 incltil 

"friendlier vegetatoin, such is legtumes 
Ustld as cov'er or Snitliher crops (in 



" Measure land and catchment area of inland 0 Identify principal components and 9 Identify potential improvements that are economicallyfunctions of inland 

valleys, valleys. 
 and ecologically sustainable and congruent with 

" Determine their distribution and land-use * Quantify constraints to sustainable increases infood farmers' objectives. 
patterns and relate these to ecological and production. * Exante evaluation of these improvements.
economic factors. - 0Build integrated ecological-economic models for - * improvements at representative sites andTest 

* Identify different categories of inland valleys different categories of inland valleys, validate ecological.economic models. 
and sites that represent them. 0Interdisciplinary on-farm research with asystems Simulation through on-station and on-farm research.* 

and ground verification,* Remote sensing (GIS: perspective (surveys, trials, modeling). 

Transfer of methodology/technology to national institutions 

Figure 1.Principal sets of activities for inland valley agroecological research 
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(iseses r.eel 10 Ie ,rUlid't ;as Well (:r1)) the rapIiditV in )[litinrig it. AI- research Io rbtain Ihe il'l rntlion lby
 

lhr-S Ca se,1. ihe ;ssI citSCId ix.',,s Ard r iarCS: () t;he t(tlIairlil%' ')tile di.ta. 31d aga inst tile man-years saved in 

* I:i1.1 CI.:rir,g )MrCtic-.,. r(onlake 1hrIr t ri trgh somllIe I)C pCl-night 11Mguehaothelr Ileais. as \,,ell as tile costs
 
less C-peniSive I f' 1C far'nIT., p s;iliV satellite iniate t11) )rli past and prset.,t 
 ini-OlVe' in delaying PrIssile,.. so)lLtions 
witrlin life fInMIUNrw rk ( )f ait nt.gitrat,,.d aIr- expensiV., tht cost nIIusr lie lI) impelding pri hlems of"tie region. 
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the v;rvir g nee.ds (d in[IL,d ViIhCVs.
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ro Iiuil nIni.ls ltN theliColSt
11p1 it 

significmrnit Cll)Mi inHCIIs--h-Iiu1 igi';al
 
;ihyvsicrl, hy1dlr ogit)JI. IrrofoIIiri. ind
 

Si n d h iltnLand-use classes of uplands,d ilan v~llL, s hud u, botto, and valley fringesntu~tt mvalley 

il sdkls c~ir tlhen I)C rsul to a:,ss Watershed area =28646 ha
 
iNAtCnti:1l tChn<IIhoiUS I'("thir
W. 

sustainialIilitv. h)Ith . waterOLuh igical Mnd 
CC()11( )ltIM C. [ wetlands
 

[]savanna type I
 
National inslitrUrio in in SierrI L I sil savanna type 2
 

li\'\ , ;lkc n aictit-_ part in 1211)tls related savanna type 3
 
dominant farmlands
rii Y . Sta, l , jl t) th I'LI e [+ CI(l [] barfen/built-up area 

W:11r1 I) l ip nirI )i\isi )1 ihe Mdense forest vegetation
CO' Itl nl l " S \ ,i t n i S t R ' () t I 'g : t l h t l " '. N] v. d e n se fo re s t ve g e ta tio n ivalley fringeIi vt\ iIr 
Nalti-al Res( mrc.s. :nIl( h rests hav\e valley fringe scattered form$ 
wvsorkd \vith iI I \ scientists i, . valley fringe nocullivationmsallli,,_ 

img d ai cdonoisom stlie] valley scattered frms 
illIgeS aid nartii nWidC ;irillph rt1,ra-

ing _'aild mps.b~tu'd, []valley bottom significant cult. 

oalley boiom no-culfivolion 
phy ah'cady a\'; ilahl, lo Ilheril. Stall )f U semlements 

foodstIe Inslireit "AgriiltrCIIs r,'h rsiadarch 
aid ot Nja:rl I'ni\irsitv hr;1\e Iien How remote sensing is used at IITA 
involved inlqantilfying C(nit ra fts. ard Remote sensing, or gathering information from pictures taken by satellites orbiting the earth, istoday used for awide variety
they 'ill hell in desigdning :rd of scientific applications: In our present context, images fromrwsDsAr satellites have helped gather information onand sPo 
:assessinlg neV teclrihi gies. 'he el I-t where and how widespread inland valleys are, and how their land isused relative to adjacent uplands (see photo). The 
ris Icrilfits Ir un t le kno\vlIedge hcal images have also shown the surroundings inwhich such valleys occur, and where and how dense human settlements and their 

e'xperits hra\e o* rlhe pI-rcod(,iinant transport networks (roads, canals or other waterways) are. 
Itrmrinig S,t ermrs it lie regior. TIreimages have been used to study watershed charcteistics-such asstream density and fequency---nd to 

rrr.,x sCinntisrs I'c-el C il'0id1r1 t ;theC estimate the soil moisture tlhatcan be used for crop production; relative soil erosion on uplands via runoff; types of vegetation;
nirt-thI )d can in ix e used us character- the crops grown and the stresses they face (insect pests, diseases, weeds, drought). Tie composite impression sogathered 
iZ, agi ie')c'isvsress 1 vlr a large area, isthen verified by detailed ground observations at selected locations ( 2such locations were identified in 9 countries, see 
The rrethod (utlters IM,i maj. ir ad,.'an- accompanying text). Thisprocess iscalled ground trulhing. _j 
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]A sciVntistS feel thUItle tIks

Rainfall changes call for ustify heir dCcSitin to 
.l.sa unit o)f
,Je(:; :t t+'(llll)aris()n,
 

dtiMrtirig froivI An :rlie.r practice of 
st udvi ng 30)-ya ''10-ear periods (orshifts in cropping pra ties evenl hnlgert. ill view of tile rapid 
sIrrOIOgciC ceslit-iiidticed 
clinite Shifts incent deciades. It AlSOthe case of Nigeria e"ialIlt ch1CIi ICUS on relt 
Changes ill;miiitl. s.eao(nlal, and 
niionthly ;ver,ges, ;is well as in tie 
itibler (O)fl;linv da\ys aid railfall 

Climate Chaage istodli glohli concern. 
+ 

While hitian societieS hav'e tCfld Il)- il'tenrsitics, which lire pituti larly. 
h imii hiSto ',tile diilvlils h ns of the Current c(oincern are la r greater. Ili nan 
activities, Comtipounded by a rapidly growing workl population, are altering the Rainfall declines 
composition of' tite Elritth's atitvispltere radically in ways that could quickly bring Annual rainfall has dcdined in Nigeria 
aboulit cttuitrolphic changes. 

and ldapted-to dr.ni:itic CiaIges in tileaith's climate over several millennia of impolrtant for agricultial practic.S. 

over h II tive and Slce. While 
Ghihal warming, causd hlitheem itI fgreCniloiSe ga,'Ss reductio(ns of 10-313 millimetersrrfisS is a maijorv 

l,with C(Ii lf Li.aspect of"it t has Iir,.ctprobi lem noruills lencst. )n itat iritiOS cIurred oh rm5 deprlding toIpoIgrapIhy 
h Ir iankind's food suppllY is shifts or var:iations in rairnfall (hoth its extent and and location, aclh of the isohVe'ts 
distributionl) inl chICIiegviin. This aspect has a Special urgency for the peoples of map1ped indicated :i southvard shift 
suh-SAhli'n Africa, wherce per capita foId availability has already dldined I tWa rtl t OL'tl , I)v "7-2()0 kifome
colnsistently 'iver d dCs.the iMst thIireC ,I+a ters). \\hile there appeared to be little 

iltseeking insights that cal be applied to igricultural planrin-g hIr the rgion, 'hatngU ill total1 rainlfall in areas with an 
IIA scientist.s studicd rairfdtll iii Nigeriat over a 30-year peritd (1961-1990), Using +1nntl: uItn ulp\ward Of 1'0t juillime
rainfall dalta available with Nigei i n;tilltlf p igraits. The study yielded several ters. shifts were tfi gretest in low
inttlret ing results. Whi, Clifaiie sulmari.ed trit1s: rainfall airels. This drvinm- trend is likel' 

t 'silig chIL'l Is;a it (If ainnuial rainfall IduIriig 198--199dcaIC un i impirisO. to Iggravate water deficits during yeais 
duClifned iroili Ililt inl 1901-19-(0 \ere vaaritions ill (If real drought, as wittessed hv tleWhile tlhere ithe extent of 

dUdine, the decline ':s Uni'rsal. 
 193 aind 1983 droughts iii Nigeria. If 
e The greatest chii.ges occurred in tle n of(!the season and the extent of trend coililinties, it will iiai drier)fiset aiiiy tile 

CeAl\' r i'n;lll t risk in plhl are:as an1d more duserts in tlie long run.tis increa1ss ting. 

SIsolivets (WiCh are lines joining arelis Of eqtl rainfdll on a matp) at the 1intvial Blessed with abundant solar
 

levels of 900. 1100, 1300. and I50(0 millimeters steCladil\' shifted soitliwr'' (See radiati in, areas it) thitmiddle het and
 
accom(
uvitning figuret). emplilsizirig tilie iced to re-exaiie tile suitahility of crops inl northern Nigeria have a high 
heiiig plainted. aIgricultural prlltlti)nil p Itenti:a. A
 

T lie available crop gro wing period was generally Shortened ly nearl, one redtIction in rainf:ill there. holwe'er, is
 
iiioli.l, 
 likely to haVe SLriilIiS cilSsienlCes. 
- TIhere were fewer wet days and higher ra infallintensities throughout the countryt; ,\lilliuins Of c.attle amd sitiall runiiilnats in 
this CIues e,r ion and enimphasizes tlie need for improved mteasi.ires toI arrest tlie northern Savaniina will likelv find 
erosion (land co.ver, Ibietter stoil and water conservaIii nmethods). less drinking water and fatce sho rt er 
* Persistence of lie currentt reids wotuld me.a i drier areas and niwire deserts iii tile grazing priods.The shift inhaIa ice 
long runi. betwei increasing dry pells atnd the 

Arresting or reversing those trends, ifat :ll it is possiIle, would depend rllioii decreasing wet seatsIn will aIffect tie 
what is d ome to deal with tlum-Iiv researchers, policytiakers, agricUtral crops that canlhe grown ol residual 
planers, and fa rmers alike. soil 1olist ure. It wiild ;,Isorender 

But ,_befoiirecinsideririg what canii iedo e, in either tlie short o-tli It ng term, l)(straiN'yS Ii i CtItiultittion-ci minon 
it lllibe LISefI to xa lliItise findings ill greater detatil, iliLdudinrg sOIie hurdles oil iilatrd vally swallips withi tiie1 lintI 
that had iolie fiaced ill designing tilie rescarcl tand solte fiiet iuIodolgicaI clho ices regii i-extrmtely risk\' wili1tit 
that were made siuppluiiii:itl irrigation. As iswell 

While long-tert ttrends ill rainfill ill Nigeriat 1ae'C gemierallly Ileemi well docti- known, irrigatitn facilitie.. ltC s.''cce in 
mentted hv schola rs iii the regioi, data-gttliering efftorts in receiit decaldes halve tte region. 
iee.n hired hV aIlty ,.t(liillitIlt Or lV civic or ioliticall d.istuirhlimices tsuch :Is Shifts ill the monthly (listributioti of 
lie civil war of 19(6-197()t. Notvithstanding theset irolems, datat \w-ere obtamed raii :ll withi thii rin\v stVi St)llimi 
from the Nigei an letetoro logic;il Service( aMid tlie IlistitUt Cif .\lutei rInlogicaIl W\ere At significa'ii. 1ricreasingly, there 
Research, Oshoid i, L.lgOS, CUyering 23 key loca tions: 18 ofthem had rectIrdls for 25 is lIeei Is1,5, noith oIfrain inl the Iirst 
years or more itf the 30-yelr period. while the ithers had (a:ta ftor 20 to 2S of those L the s5easli, f(llO wcd lV atproportio nal 
years. increase in the sciOIil rotht. IfhUs, 
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shifts ,.ill iik k'ivIt.'lyia ritiic as carih' tihus h.ca 'in It.ss W tcr av:i icb. tI( Will t:taly ,.'sinrila clI crts ill c)tl,t" 
plirutin'i. hctCrics int++rc:ash+Ilv risky. pLants Pour .iocil a11d wtCr iCn.d tohIV C0'cttlrcI's, r_'scitln iiI spt+'i i pi)Mrs 1'()rI),l+vui (1cui ci"rJnls has risc) ICiicd . c IA'Csrvud. t.O!'trgi tli,.c ;tC'tliV 


ho'tri t'cc\'i-g scas g SItrtcr. h 

111C il. Wit iVi\'VIVc

t ic ti t, cn icv.rAiil Anic iL'icciil( cgis to bC t NItl cnmi i alltr'r'htrs.c 

hy iicc t ;I nrciitirt. ihs +ict+rrnlcs CIL\ 1 r w r
it+l )ptd i.lring \ith) :i .\lcM crmisOW cs tIc tCAlso M dliit ik)

W\'iart r(c cm Ic c aclvC'
cJ.)iS he succ'c'csSully glt c.\vl. cI ti A 2rsc t'lrnrti+ illpal ts'Is: rt+is I ) ilit' i ilICinllCri'c CA.I 


Ilic risk t( IlC r"L SCticc llS AII+hcrc...c,T g Ss i*or
.. i i cr'galrir'-laiitter rtgio)n 10ic lll()Ii.nc i A.IC'tnitl.vx :n:ilvI.C and
 
\whel cli,.c cmisicdir tht. Jrivn bcv cctiiL'lt: 
 Ir'tclit irCtRics il :i 'l .'lIlignirc. A 

lll;II'I~~t_'ttl +I~ Lg+>'J. 0• ISC (f)I' vestock t+LIt' Iitiol
' ,  

'oIIutSUlltIC' ll:IIh+ ult't+'ti'V 1 ort+VruVli~lhl,. St+' d),Wu 

tLIsics. illti.' is I)t'in i tdc iilIUc Xistcs:
,(.IlWds- fitCtw(tck . \With tlt'c11:111CIVunci ocgnin

incly \'ht.'rc sc W icasing crt
rrn' ut+d 1) bt. tili+ iltd. iccm iltc dtA 

.nalain tTp. +\l.iZ' r.'dtuirC.s icccrt+ tlic>c crcc)ps nLir ciliIicr:rl tcc il Iin Hu ll I 41hcr st1idiCs.at' r ccsinc ,cr, vh CrIi.CWtcti 

11131nsc ci'.ih i cr nlilici. "l'llis ircTr'Ir.s,.s suit rainla l 
 OI'Lirnt..V'cuds a'cp WCLrtcd110t1app irti 
tht+kprc ch'iility cl pI +ndlil'iMI) Ic'cti' c uniclying rid,. platitinig: aid ritntchm. Bilt t'0ctinucus nrccnitinr'i 
in Va'.lS cr c:ct. \\in idi, i() * ,.isc (cI trI'c.s (r slhr'us as \vindhrcaks, Wrill h ncc-dtcd tiI()C'uIril (r at,.'r ihC 
rl1lri. l( t+c lc.'rl (Mli accc' llt it'III',+.c L as \VclI Js I(c sNIIc+i ilc cr (si\'. cliau -,s. ising itnc-rc vcd lccc.+ WluniriIpIAC I 
ccl hcctii t.'cclccr.Ajcland iuinla \\uVcIta. )I'ict'nsc rainal'l. :rid \It.rc a:aiabik'. Fithc tllat, 0r' 

Il ' tC,c II \ rCaillXlp+ritcrTl c c i u . I'ilrsc rnlcasurt+s. It cvnis Will l t n IIC! rcgici Iaakcn tcc.tilct. t ilpi 

t)2'. \\Ihcrt+a dcaslitiing dh cUg]it hsas cciUld cccnsictiral'civ icsSUn tilic. [)()rsii t 0int int
c(r rctumrn. 

(WctUT' d ic ruc :cSinlil' lrnct+( i lclcts c c1 d s.Crtil'aicii and h cii I v'pll 

actrtt thuccwIc\ ni'iii li l ic()bcicig Not M.ione
crr,. 

L'VCwl c d\c v a r(;2i(Vscsc crSC(SO\vaming. 'lic task is bV ncoc us I.Ai.icaSciCut '.11i take iccarifri imith
 
'irpliasir, ili hu nud i) cc)IiScrv Var. tca.ISV,ButII iVCi 
 pc11iical arid fact Iltat tirc' arc cl()Iaiou il Ilrsc 

\\ irhic. ,t'c:itttr ramrinliii intt,itv r(..iirc+ Sccci cccO'cMtriccnic prcblulrs and tild r':ici c.rlcrts, S vr'aIl intcrnaticnial andcllcct+c c;iruriu .iiici.ntic cccc cc) crr'(, +'Icg i' >lcUctiicccn rt c' iictiin stri'-Sa"i:ih'rc rcgic cri+.lc'. :iri~ii c Ir (i.\c c \\\cIc II'NI+t' 

thu ,tiliaI rsc siiaih \V ill aic ccicll cc i. Ac\i.\i c i V ii i )\td .. (Ilii .\i'ric'. 't ' ],,l . i .\c i '(mH)a c cccic''rrid 
Iia~t cn ' ic':lci cgirs, ictis, rainl- liT.A Sc'cnitirsIs rcc_( cgrni/.c tiIat nciircnd in(cvd ill to crdiiaiing sllliiiar 
sltticrts ca diSC scil 'rIccSir : 1i10'cc 'ra stu.i s \vill h in,+itccicd--gie'. tice StIldics, a1ni ill \'S sSc' inisti[Lut. in ic 
A\\ v\ \iIi nt n stcn'Siti\'itv Lcc'fil'ni IcsC ccrilctsti i111 tIhc Iopsc ii 'iiciOac.-c ccc 0; svsICtcn, iicc [lILt Iccri :i (:ic ',s
and rccduc' til cii's ccr'gatnic-Icratr trenis, andI c(avcoici cergunc.crgzratin. Insaic'i r ticcSccci-Aridhnstitute l 
cciciunt and Waictr-lclgciIIra cai'city. Ihicv i0cc l(tht tuK' r. Treic(iic. r'cpciOrt l IrcIIWI.\ I haMs'arricd cci 

itccpc crtant ac~rcliilicIc lcigic'alIcics in 
The changing rainfall pattern in Nigeria cirin rct+gic 

14ON -Alsc, \ ritcci nI()t h 

atinci l , u iim. 

gLbiai naricling 
MnlIIlcixr'd cisisicr' 1' sIi il-Siica ;al 
:\t'i,'a. ThriA r iticiic';iocis ticat r'aiitaill 

,ial VIiic''casc ill . lh IciiiV 'giols.
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tern ation al, 

Ct
•exp~erienice 

ITA'S principal mlleans of helping to strengthen n:itional research systems ire 
triiiing, informuation dissemnination, germplismi exchange, and collaborative 
research. 

Most of r<'s research activit inivol\,es collabortion with scientists il 
national agricultural resea.rclh hstitULions-in universities, governmiental 
institutes. N(;()s. a11( privte agencies. c )llaboration isdesigned toh'lhe 
st,-engtheil ilational pr)ogirams aind enhance the process of adapting imi
pro\'ed tchcn1ologiCs to suit farm1ing necds in slpecific agroecological zones. 

'Ihle llo\w ing aiticles p(ortlray nitiona Ito regionwide coll-Iorative 
aictivities ,itlh which IITA fllfills its goAIs or nitionaIl reseaucl (levelopmet . 

The SAFGRAD networking experience 
The scientific e+tibh0lislhents in 26 counlriCs of Ihe SaihClian region have 
been streigthenc'd through networking ictivities (luring the 15-year lifespnl 
of the SA:;IAt) Ilroiect. Maize al cowpe: scientists developed ne\\ varieties 
with droughI tolCrince and other (lesirecd traiits. Botlh crop networks helped 
increase availability of new varieties to farmlers. 

Training takes the farmer's 
perspective 
Reseu'chers, extension speciilists, 
and algricuhlurll trainers must be 
atble to listen to furmiers iii order to 
LMndersutnd hiow\ best to hielp thiemi. 
To give such trainees apractical

ill C01lMLmuiC~ltin~g with 

firmers, I,'s inm g siall halVe 
developed atprogram ofldiscussions 
and demonstrations with local 
fa irmers in their \ill:iges. 

Alley farming research at a 
crossroads 
AFNEtrA\'ill sootn begin to shift trials 
fromi research stattins to small-scale 
firmns and ClOU-age l,frlers to 
exlerimntn with and adapt tech
nologies to imieet their needs. 

Research collaboration 
'Ihe year's alcti\itie of FSAII.N, 
SP'AI.A, 'nd the llu/ltal\i.t SA/ 
lBelgiul network for cowpea 
biotechnology re'sea1lrch arlle briefly 
described. Two visiting scientists, 
Togoiese maize Ibreeder Mawule 
Esseh-Yovo and lItalian bkiochemist 
Pasquale Petirilli, share their experi
eince w\ith tIlA. 
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L ai dproject) 

through networking: 

t e SAFGRAD ex ample 


As deserts expand inl drought-prone Africa, news of success in agricultural 
development it the desert's fringe is welcome. 

For the 26 sulb-Saharan coLtntries of tie Seimi-Arid Food Grains Research and 
Development ( ;A...<RAD;t)Project, participation has uralled theni to help create and 
diffuse new teclhniologics for increased cowpca, maize, millet, and sorghtn 
production. I Uring tile lic f" tli, project ( 1978-19921, their scientific est ablish-
ients have heen strengthened througlh training and iniproved in icattionconrmm 

with one anotter a1swell as with iiternalional centers, 


The key stra tegy has been .cientific networki ng, which Ihis .Stismlined their 
growth and will also henefit flurre rCseuch endcavors. lhe ftollo\ ing pages 
describe how netwoirking has soupp itdciC'hint ifi,: aclifeveCmtns arid leadership 
dCevlopMeCnt in .A.FGIRAI contriCs. 

The SAtRAtI prtiMlect was ft llndc il i 9'- ' Unrder tie atispicCS of tle Sci erliftc, 
Technical, and Rescearch Coniiission offthe t)rganiztitil of :African I nity ti(Mt 

stic ),witi principal ftliding bv the I*liic States AgCe'y for IlcrilationalI )c'vehlp-
rlerit (I0 SAID). to ciOtlit er increlasing clrtolglit in the Sahelc in region. 'lIe iain 
ohjecti\ e was tt iraise tlie proctivit v of tle ftiui r .saplC ftod crops of thilt region 
(cowpua, it lize. millet, anmd sorgl i) toil extc'Xnt possile. intorder to reduce tie 
nipact (ofclinatic irrgctla rit ies oi tlie ftod supply in that regh in ard other senii-

arid atreas. 
As :ar interitldaiy ictweern the internalionaI research centers-principaly, HA 

aind tti:R,\t-anid the national progrants, s.\:(;iti aiined to incre-ase the effectiveness 
of natioril progranis in interacting with irternational centers and pierforming 
adaptive rc'searclt. 

Small-scale family farmers benefit from improved technology for maize production 

I as pv on,,1978 to 198 (pliase Iofthe 

iT. initiated research mridtraining acti\'ities oriented to the region, 

woith a v iew iprove ll,+ dto :Inc 
co\,pea \'aricties and dveclop cultural 
practices compt ilble with smll-scale 
fanning in the scm i-a rid tropics.lit'suits from thlltt firstl'+a,.:
troduced technologies Which were 

tested in regional trials by scientists 
front the national programs of the 
SARAO);1mCie'>Cr coutttries. Phase I 
dem(onstrattcd that regional commodity 
networks could help collaborating 
cou nt riCs to dcvelh p and strengthen the 
capabilities of oatiional scit ntists. 

)uring S..,;,AD I'hsc 11 (198(6
1991. direct agricu ltu ralIresearch 
activitits in Btorkina t:iso by irl., and 
ICs..X were phased out and national 
research systemis were strengthened. 
Problems of iofraSructlu re haxve long 
nIlilitaUCd ag:inst screritific cotInIunica
tioin in suih-Sal tarani countries-
Sl ..RAt s ke'y role was to eilable 
scientists in lie region tt conilunic.ile 
in diverse w'ays which wtiuld eltihalice. 
the developient if their reseirch. 

'IT coinlodiiy-sfpecific networks 
were orgarlizc d, for research on rimaize, 
cowpea, and Sol'tlotllll. liT 100k 
responsibility for estal lishing the mlize 
and cowpua networks in \\'est and 
CentnraI Africai and for providing 
coordinators aind technical assistance 
for both networks. u:itsxr was responI 

sihle for sorgmtint.
 
Participating national prograris and
 

lie inlitrrniit ioriI cente rs rilet to identify, 
cOll.rt.raiiits oi crop pirtdLtctiVity arid to
 
atgree on rc's'arch prioirities. Roles were
 
assigned, hasud tin countries* needs
 
and available resourc',_s (hliriai,
 
equipiit, and other facilities).
 
C(tiltritrc's were designated as -lead", 

%associatie", or "lechnologv-adaftiig"
 

prograits, aI'C'ld irlg to their capalbility.
 
'i
Thellutworks eihbarked ol tile 

folloiwirng act ii cs: 

Monitoring tours. 'lear tn.f socientists 
froti five to eight intc'll ber ctountri s 
iradce )icriial tours to inspect field aid 
l i trials in tie region . The experience 

he'lpdcc iilipart icw ideas arid slinillatcd 
intcriciion aionig the different pro
g.ransis. Bletweei 1987 arid 1992, txw'o 
sitCiI iiiituri tlttimrs wec' i lgainized 
v eac'h cl)p netwoirk.L'.SI+ 
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Visits to national programs. in liv I992 a I Cifo more tCimn i() idtC'IlificatilI IOit Ut:a-CaINv' IttiZC 
iddiliron to tile monitoring tours, sCiet'tlts had trlleiiCn 10l+.tlt andrclic's kiitsc isis Iit'ICtill:o \I11n.t Cor 
ni tworking sit'itists Visitd SUCCI..tcL l IV, ISV ti l :Cia' Jii CX(C ii iig 1ii C UltiVaiii ii lC\%' 
national progrialns :tai llTe net'hItworks. \ost ila:\C thost' traint'd ht'as. . 'spt'tcililyto tilte' rt'laici\V (ry
ohiectil' s of' ilhe V'isits wire' (a) tC hClcOit' r!SCiIath iCAd'rS in t'ir S1;danialn ai+.+S \VIhIT'r' til S110illaii 
:aSts,.s til atiViitV.S ofthtW l' rit )liS rcsp Utticc tCiltii._. St'solCl fI C1rmlilyShC )rt-trC traininlg iiprecludtes it.,, t'uia
nlitioCli pro lls 
 ttrL Ih 'I IniC2r SClho!u ill VariLmIS ; jt'UCtt IfIctoI) iilrC CCll~iuilt, lion. Significi + ,xl'NiiSj l in ll:imiz,. 
Ctf*U'ctiV'ii'ss 0Cthtir p'aicil:ilT CCf in tilt' p+rMlldctil, anid Irnin.t sVs.tll is llsroLdIo lII isS C TctLrrtdlorkinail 

-no'twork+, (h) to ;isstss tile irttiniig alsto pr vitdl.,l ItllW Iltali lialit'",'.rtll li C,(FilltIi.'t C(uC LI G ;ti.

't_'l . S,(C) t lta ln Il l V ll iZ Cti Ll IS an d t Ct'Cih l ii i:i lS ill 
 11 t1rt h an 122.1 tr l I > l il li t " ac ti c s 


ICo I'ai Wt'R' utilizC'd h Cully an1d. tountries. As iri'S11t. duriill, tilt' 1980is friltI+.r 


1 ilp J t'Ca r>l' I f r 
haVC ils hC'tii d(T'VtI'CCd for 

wituIl (tLtt'ssdiX.t. itli low tC l+cr C1Al 11t tile nur1 IrIt'St.;irtci)2 t1-rilt, ill Splcific itc tis. "'IiV riigCtS. Xu,I"Chby

C)CfIIli/'C lIttitll, toC liIrkiili; F'astC and (Ghiiia.while in Niger t,' flttCWs htvtI
[10 aild id) lilnttd 

prIlCCi- CCit itlttra t rt'st'arch +,++uliltI St d lC ,Ic'd 


the'ii rtidgVs 
l bUCCMtIwt tilt' ditllnILi r ";i'td" CIinltt'r I S 1C

ill",Iti l i t du\ C._,I-lt'ntI acl,'lict andlt's, p +ll , cal>tre raiiM'ail'r IClliCCff. ailt IllillIIlllIn 
sIniii-scalt, lILT'rS, for aIIIjAlistic Netvork accomplishmetnts tillagt' sy. S iicic iltst'ttiIVtS tl 

tI CUt'tliin aid illip itililitiol ofll' notworks :It'LtIst'td patticai iut'hl gic's with flii
C , grttc.,st signifil
r.tcu"i- tigC;ik. illt'aiin li I sttili tip C ii-,rtltitCv' t '.lt''[ICr f rl Itl l tti\.it\V. 

isIiI IriC IItrnI;I"il'tC l ,lgh \jsitS, i rltititiis itllolg il~tiilliati plgra ills. i,'twork has d \'iC ltIdr iiihe miizu
ivsca:;rt'h ;itlti extenstlioni scUl-'icus' inl ,Lttil i ' it, [ Il l gt hau'ric.r that Ic.S++Cir,.h lI'ditit'> to Ct111Mi~ctOStrVUlntg 

•t'Vt'riJ CCOl iti t' 11J\CVt' ,tn r I'.trlcturt'I l t'xistt'I iIt't\,rt't.'ii atl.Cilg holIlt'nc i [ tCrstit'ak it'Sis,,tltC' ill i[ogoCCari
 
tCIfac'ilait' te I1 CV I1i ll)t'0 riaII francC'l ilt' (,illia
ilC colntlirit'cs. "l'cy hilat' . llo c two itatIc' illtrs ila v a 
It'cIIIohiC ' Ci S 'iliitoI :Clit'., 

11O1w Il R'sCj l r ICClir Sta ihilt ,ilS rtgioia p ily flt' IC ie V'r-

Joint workshops miid senhiars. 'Iih' caiit ' iil CCn i iii l ' t'r htiilM Ci st itaik
ll( oCr titli >illiICfIa 

biuinail \wo rksihops. SIiiiiarJS. ailld dif Ctt totililt'sC,. itl i lliti;',iil R'SiStAiit'CC. thrir glh \ViillIh 1iu ft ilt'lh 
gt'nc'raiCl ,Cllftitltt' t'r'td as tA ill CluI~hiLitilCi. h 1C1t'.CCCnc Tiiut CliliiahOIC riVt' with 11l:i1t_ hCcil aiit'i'fd
 
whiCh Ili ilt ilatliC 1ll SCit iio~t IC uld i r'searci i altiVitiC's, ilatiOill stientists ill tiit it'tegil.
 
rI'pC Cr1aiidti.S( LlS ,It-Vat uilmpuiishlh d hat' il C C 11'ttl'iri- rcslat h skills. Similarly', the six cad cc'iit'rs Cf 
 tilt' 
findiing il all aspcottIs Cf rc'.,crritllc,iC h C It'1 1itCURIt'Cft'tthl l Clt.V \VI'st a.ild ( 'irii Africa cow' ea
 
ilhlCCc' ilt'ttifl;n s l hlliCC tlC'VCi!lilt'ni liltii C tIiirl'adSl till t' ntwork liin lBurkina Fi:is
IIoil to C,(atlicrln,
 
iiiti Clli! SCiCh IIl' I laIlt.iil'C Cf* i'i hI gic', to nll'ilit,'r i lriCtnt's. 
 Giiaiia, Nigtr, Nigeriai, i i St'iiegali

Stii liathIC iinlf)rC0 C'iitCit ill Cl;ritlCLI lt:Ci ht' six tad tl 'it CI f ti lli'tiiiC ' ii \' iCI Imi t' 10i .7rfil,
htavt' d t'ic illii -
)rOCCIiitY '• ntw'oCrk iil Ilirkiiia iikisC, (CilC'oon, r'i.iStil COt\\'I)Ct C!uitxiVr;sf( t0CICL~ght

lt'sc arciti s ainlI CilC iaiis tCti;i .I (lCII'6 Iilx'C irt', (itaia, Niit'ri 
, aiid ic'.SiShiilt titivars, iili. in 'OCli;I)(C'ati~lil
 
C'XcIilt,' CxpCriCI', While u Togo) ' cril 
' 1 ,q II l i \C' It Cl , Ii - withil\l, 7'aliti. isail ttil ar.
 
tiCilli.Sis CoChut, iCht't Cillaturintg,
t St'nse ofe di'oulg11t-t i C Clli it'lraill \Vlrietics, Mlor'Ci ,'- t; it ui\rSr wilh
 

folCf "',iO1):Ci>ll alinli l ift'it licc iln 
 and i i extra-cirly iliit' \ilric'iics. ic(C g alLi )tatllilt o varitlisttc chI l ici
ICIIllili~iiitaill.\hlC' Ih ii 2.5(1(1 o i.. viilJlt;\' lllcItilltndrt'st'arttc'rsiitnti tt'oiilitiil 2,iitt'iitlt't Harvest of extra-early maizL in Burkina Zoits \V iait avaiithit tC iillnai 

i)0glgiIs tiCCCihlose, ill,'!clinill ;I dil bout ,011iulblica-
Faso It'u.lhi fit' illtlork.

Alhotug~h lht l l.l p~rojct unide'd 

l'hiliiltail t'CCrItilil in ilAr sCCiil'i- ill Mia rch i )1) , 1I ,C i', li cliC r aigt'nc , 
InltiCd With iIjtc't activritit'S. ., (;Iia Ctt't ohC ICllilitC. Sll+pp0rling

Ladership through traihihig. [ich of 
 speCific atti\ it its CI iCI' CliliCi/ nt'twoirk
 
tie'iltwo,rks SCu h hCCS tit t htI'nl 
 ii st'itl IC uts il Ii)1) .lilti C.t C 


iatnillio 11 C pc.lnitl lltf Icitdle
.,' ]!t( iu51'CoIfC ' , illlt' ite ti'iii Ini
It'illt'rs. ,ICthat tile' C0Cillt lircit 
 11itlCS It 'ls [ r It'.511 'lli Cllag It'Ctilt, 
rt's'irli ti\Vitit' tilC t'a.ls iVt' nll iCI' Ii it' i\ittitit,'s If Cit' IC lf l t'w ork 
[lpilarCs I hi oill Clt'hilst iC Iill. Will e illCgt'Cit d With tCho5se' I': 
ii'itiCIVil t ll 'tt'd ;ildM'IC'ciiiitV CCfcefnl cile [ iUL • WA llI' IIt-i llS t ll )IiSC ~i IiialilglClt 1i'.SUMVi'c . 
inmpri- iht 'ic Cilldl IIlilVr(l h L of . 

scienti."ii t hrolugh ,cili i. 

a \v'dl-t' iiC'r5 lln CIIitit'-C ,hI;i\'C [allihil)liU[,r t 1'LI sIt C~illct--h1C, h 

hnc'reai,, IhtC an I.llli.,ul ofiili+ 
o)r he'r own1 recmc:ch olut]lut ;llltd sel\-C 

(i:is ;I i,NOURiir son+Clill onl-Idiw-jobl 

Irainiigt I sci'nlific p'rsonC, ill ill 
coilllll. 

, 

tiIt i0t 



On-farm orientation to must etaken OCVLr,ioriO n -ar m n ta io n tointerviews so)that extension stal'f do nt 

answV'er (ILuCStions on lwhlfI ol theifitpiov research and ir,add tt theythe 
imp reove ear h a d armlers IsCAIng frankly about 

their constiraints, Wh'ICIh oioten iiicl tid 
ilaAi statesserice ho01 local extensio Intraiing skills prograims. el'nsion agentslh'e, oil 
1he vhole. bIeen 0peit aid SIlppit)rtiVe 
in trA'sfield work with larners. 

First the basics
 
The aillof' IIIA group training courses is It)strengthen the knowledge, attitudes, Iel'O tr o
titlailc'.,, ,I tilthe fild, StAfT 
and skills of agrictiltoral researchers. Technical Ira ilirg is not, however, all that of IH.Aand Nigcriml ilstitItCs WhOILave 
researchers reed Io do their johs hack home."IThe must also Ibe equipped to set on-fart l'salICltCh experiernc irltoducc 
research priorities in relatiln to the needs of iarmners. And they must bi able to the lie ( work with I a presenitiortim
 
shar'e their new kno\vledge with their colleagaes At honte alter trailling llT.A's 
 infolrlal surveys :ind interviewing
t'aining staff thuts seek It)proIvide technical research skills together with traiining techniques. They provide only general 
:tnd COilllllltillicItiOll skills Cssential flIr _saC;h'ers Whl want t iiltprmVC tile gtlidelines -SOthat the particiiaulits llaty
ef-fectiveness of tlLeir work. tilrnllulate their own ,ppnlq,acit 1I the 

Kuy to achicving those .oals ill tra.iIlin,g coltrscs is a Iioigraiii of clis isslItns mlid field work. Staft cit'ltrige participants 
dc'lonstrati lill )itarloers in their villages ithll tliad:iln area. wher-2 lrlAis to learn firol thie experience' itself and 
lcatedT.The helI CxIStrL',rgiV le ils es( tra iilCCs pIac't icl CXI ill ,'111,11(1 0rom1eCcit OIIter's teetMhack.prielt:C ri-


c:' ing with laIrcrs ill or.cr to learn from them. 
 lThrouhtoi
tle Coutrse, participants 
Par icipints ill lit:\ training cutlrses are imtostly rescarci scientists and lechni- develop their ciolltlilunication and 

Cians. with 1iltIC eXtenlSiOll seci:Ilists ;IInd edtnc'atIrs, titllol stili-Salirinl Africai training skills along \with research skills. 
CLItilitries.. hrs wil ciWilI it r I fOr trailtinng have hid little TheV' pr:IL'iCC written, v.istil, anid oralany ol the resLlcllC iA 
first:lind expCriLnic with "i1 rnTs. whic It ttey necd illi'de: t1oimprove their Cr111,ll itiolicalIl teeli( iCs. Tey 
rLVs(eIrcil pillning.llnCrAcioIn Withi larllcrs helps rese:rc lers Ioappreciale prepare'1,0r the ield day bv colmpolsing
 
Ir~ldition11 practices And lcltnoiogiCS. andltile Scope lfi nw :lternatives ill 
 leilets, poster, .111dteXts with techinical 
ilcling falnilers' nCCds. iltessages fOr ite\\ siCtl, iIand ratlio 

dlissuinininIll. Training :iiocl lilriail
 
Good listeners 
 staflcoacl i thnil intrainit nitiethods,
 
Ivy tie end oIitheir cotIrs, IraineeUs sillid le colvitilcCd tha delll
lihCSC eflectiv'C instrlillIn tclchniques, aind lechnical
 
agricultuiral ruscarc!h begins mid ends with farintl'es. tite tllnitlCI lieneficiiries of their writiig.
 
work. The Irines sliould rotlinC 'ask them~tsel'es "\ltt do I necd toknow I'roln witli fi rlers is tile
iollillitilt'cliitiIn 
tilt-
[artniirs" whenever thev work O1 asolutiion to :i lirltting proileim. Res'archers critical link in lt lprlocess ol developing
 
and extension speci:ilists wtlio h:ive aitcrnct lIolistel to firillers are hetier 
,qUippucd research 1iIIte.lhlological iilprove
toprodILct' i sI Iltitil s itntls il agriculInuIL. .And once re

(insl'.SC
arlicip;intS CiOlutefriti :i :irietvll' Iiickgrotinds: rescal rcl, extension i!ac]irs lli I0c'OililltiCicatle with 
I[rlgrMIls. agrictiitir;il sciCncC CCLuiciil--il Itlic Oililiiovernllentl iitte'rs. canalso co niunicateinstitu- ItiLer 

iolls. Thllv are I1l:\'s ill cillaborative actiVitieS witlIlliOllal prlgrarIRs, flruittully' with OtHer resCaceCrs. At
p:'trlers 

' it r)spIIisilieThev are aiililigiO Cie t')rthleh1 c'tlitrieS igricillttrll Iolicy Ml food Illnli, in thtLir nitil 111:i] progralnis, tile 
productiOll. traine's will need to share the advances 

To :ichieve iTt\'s taigit, olictivCs. the curricUtl:i are fraiaiLd itl tite i)LrSIctiVC in knowledge and praci.Al appicatiolns 
flriing 5\slCllls. AhsiiSince 1990 twh "hGcal [9i{). c , iss 111n r)scI.Src aitI 1k igv Witheh" s. nIldIL' irCOIllcaIgu They shIti 

transl'r ill tLrop produlctioii h t itivIci'rporJcd cOliltltllic:itioIls ilodUls whih tlhereflOre see lhittl'.'es as Irainers, as 
f'ealire: well :is researchers. 

-e infOrii:il inlteLviewswi\ itt frlilrs rly in LC':icLcOlIrsC, 1 h)lp illiianalysis utl 
flarlliers' n.onstranillts and opporluiutilies. On farra
0 f,(Itikitiolt 01, tecillicail lntssags to respondIo fillcliLrs, piob'iles, t ir use ill ai hi tilL eld, ht, iiraillet's fiist liletl the
 
larlleers Held ,CLiv"Itilelcnd ilf
eicl CLI'trs., citirilg which reseirciers and flarltlrs :id extelisioll igeisl collec

farllers Lexchallg! fleclback. !ively. leginning ill tile villige with anl 
tgoing to faitiers tIolhis Cvd 1 ilisten and l;irn, foillwedIly retuining to Ip(ipii riJL \Vc[illC, illtlrOcic'lins, 

Siiltioi c Icaiss:iiacleliSrtC p1os.silIC s.hais I)Cei lniilt itilo coirss 11ii i)lt ciips eyTi:il:ltiI in i if ~pps, iuinAndCxIieS
and vaint ,gri I IIit..s IL'()wp i :icdl soyhm)lVCi,and itlliZ, 1illi 1991. sions of :ippreci:itio. Tile Colplany 

Training stiff il'oliv Ci Iocl :igriCtlrll extension stilt il slctglin Ile( vill:igCs to breaks inti slnalr grLitipS aid IlIOCs 
he visited, :1id ill planilil g aInd conductll i iiie of the fheld :ictivities. E:xtensioll tI individil f'llnusIor :i full pIiClure ill 
agents provide :i linkige with resources fIor supplr Il:mVtliivupIiit bie ecleci. tile larlliing ss'teill. 

iil
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Farmers show and tell the Irinees 
about the conditions they work tinder 
every (diy.The extension agents imty 
of fer a few \Nords :lbout their own roles 
,nd experiences. The complex social 
anL econonic setting of the farm 
comes to life for the trainees, enabling 
them to revise preconceptions they 
111aVhave albout fatrmers and Lm ning 

thtt do not correspond with reality. 
I)uring the interviews, the reseairch

ers iost he alert tt ftrners' biases or 
risk invalidating the results of their 
survey. Inl an interview in one villige 
diuring 1992, the farmers were asked 
how m;)ny of the, i lived there. Count
ing themselv'e,; and :bsgent friends, the 
faruners replied there wvere 12. The 
interviewers isked if those 12 included 
any woen-thc reply cine hick thit 
wOlen were not considered to be
 
firiners. Yet, is the training grop
 
spoke fUrtler with Iith meon alnd
 
women in the village, it becamue clear 
that wom,en had eheendoing atconsider-
able amnount offa muing. As tlie villagers' 
ectntotiic sit. atit in had woirsCel ill
 
recent tinies. itmoreover, wolen hld 

been enlarging their farning roles. 

Getting the real picture isessential for 

reseir hers, particultrly in this case if 

techtilogies will affect own tin(l 

women fariiers differently, 


After the interviews, the triining 

groups meet together in the villIage to 

pool \what they have lealrned ;about the 

ocal fa rining sy.seins aind coIlunlitv. If 
ga ps in inftorn:ition exist, thev return to 
the ftrners to ask fuirther (questions. 

Kack at i.\. the interview dat: 
frvide the baisis ftOr wtirk On silutitins 
f'or farmers' probleims. The results :ire 
pooled ind the researliers forni gru)ups
,around proleius willh i coinioi 
solItio, liy the end of the first week of 
the course, all the groups hav\we pre-
p:recd outlIices of their proposalIs, whicli 
ire vettecl in aIgeneral discussion 
ilng pairticipmnts incl it,.. iuaiff 

scientists, 
Proposed solutions may range over 

iiprovedl crop \'arieties, imiproved 
cultivation practices, rapil multiplica-
tion of phinting miaterials, seed storage 
and(preser'ation techniques. ,ind(new 
met hods of crop Utilization after 
harvesting. The particip:nts (levelop 
their sotlitions Over the rest of the 

-

IITAtrainees showing improved cassava "sticks" and planting methods during a 
farmers' field day 

training peiiod, in tallideni with other 
c,)urse wor'(. [ley gatlher technical 
inaterial from class presentations, 
library resources, :and t. scientists. 
The dual3 challenge of hiis exercise is to 
frmne the technicail solution inl a 
message which can be effectively 
coniniunicttecd to tile ftriers during a 
"f.irniers' field daity" at the cnI of the 
Course. 

IBeftore the field day irrives, the 
groups rehearse :he event for each 
other aind ni.\ staff. The presentation 
lielps theii to ftocus on their essential 
nessage and become fatniliar with the 
miteri:lls and equipmient they Will us. 
'[le rehearsal isvideotaped, so pairtici-
pants catn see themselves as their 
audience sees then and revise inistakes, 

Farmers' field day 
luring tile final week Of [le course, tile 

trainees coinuLct aIfiel day with the 
farmers they interviewed(luring their 
first week. Although the first village 
visit involves interviews with only 10 to 

farners it I titne see and lisciss elch 
demonstrition. They practice the 
techniques and handle the matterials 
themselves. Sanple planting materials 
of inproved v',rietics ire often pro
vided( them. Farmers share their 
reactions frankly with the researchers 
ibout shortcomings or strong points 
thle\, perceive in the proposed tech
nologies. 

After their field (lay, the trainees 
assess what the experience has taught 
theni. Although some of the researchers 
may at first have been sceptical abo, it 
(irect invol'ement with farmners, many 
observe ;ifterward Ilit their experiences
with firners have been imong the most 
valuable of the course. Researchers thus 
acquire aInew appreciation of their 
roles, in fostering a,(la logue of 
probleni-solving and feedback between 
tile haIi and ile ftil. 

Impacts 
ITA prizes its good relations with 

farming communities and extension 
I5 farmers, field days usually attT Ct Liaup agencies. so it iakes )a.ins not to create 
to five tithes as many. expectations thait cmnot be met. Often 

Each group stakes ot It its own arca fimers coniplain thait they (Io not have 
to present ;Ipossible solution to one of ,iCe(ILiatC access to imrl)\ed lechnolo
tile farming constraints. About 10 to 12 gies. basic inputs, and services, mr,\ 
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Iraeining staff thuS tr to enlarge the 
training exercise into ameans of 
strengthening linkages among researclh
ers, extension agents, and farners. 

During 1992, on 'ear aer a field 
day, Ifollowup visit to one commnity 
revealed that the brief intenention had 
indeed had positive results, because the 
technologies introduced at the titte had 
really met farmetrs' needs. °I'hefarmers 
greeted the n1TAreturnees enthusiasti
cally aind warmly. °l'hey described how 
they had adopted some of the new 
practices and showed samphlles of the 
improv'ed maize harvest from the 
preVioums y'ear. T'hey evidently valued 
the much larger cobs, which had begun 
to supplant the less producti'e local 
maize. 

Multiplying the message 
For the past 25 years, trhas trained 
over 7,000 tgricultural researchers and 
other technical specialists. l)uring that 
time nataiona research prognins in sub-
Saharan Afric: have developed their 
human and capital resources-and 
increase(l their demand for further 
training, 

(aisiTr.\ with other international 
centers) can no longer fulfill all of the 
training detoand itattracts. Therefore, 
taking advantage of imlroved technical 
cap:abilities in se\eral countries, trr is 
beginning to devolve training in crop 
management research to national 
pr'ograms. HA will inreasingly devote 
its own training resources to specialized 
research progrms for indiV'iduals and 
groups. 

irrmissharing its training ntethodol-
ogy ind experience vith selected 
cointries in eich region, so tihait they 
can work with iA in conducting 
training for theumselves and other 
countries in their region. In this 
decentralized fashion, the message can 
be difiusec' farther ;and faster than ever: 
effective agricoltural research begins 
and ends with farniers. 

rese 

turns to the farmer 

Alley farming isa way of making agriculture mimic the forest. The goal isto sustain 
the fertility of farmlands by approximating the self-susIinability of the forest 
ecosystem. 

Selected tree species (usially nitrogen-fixing legumes) are planted in rows. In 
the "alleys" between those hedgerows, food crops are grown. Soil fertility is 
improm'ed with nitrogen and other nLtrients from prUnings of the trees wltich are left 
on the ground to decoimpose. Prunings also suf)ply forage for small liv'estock. The 
heclgerows pro%'ide the resioartive processes of a fallow while the farn can produce 
food and fodder on a continuous basis. 

On-farm testing of alley far'ming methodology has been dev'eloped o\er the paist 
three years through intern ational research coo(rdinated by the hey Ftrmning 
Network for Tropical Africa (ANETA). Rleports from participating scientists inmost 
AFNETA countries suggest that the research has reached a critical stage where the 
frner must also have a hand in idapting the technologies to the exigencies of life 
on the farm. In beginning its next project phase, Axrxr Ahas charted a new path of 
pirticipator' research with farmners :nd development support agencies, to bring the 
goal of sustainable agricultUre within reach. 

The idea evolves 
Alley farming research evolved during the 1970s at T'A, as a land use system for 
managing the f'ragile tiplands in the humid and subhumid (forest and savanna) 
zones of sub-Saharan Africa. The aim ws.. to develop a substitute for the traditional 
bush-fallow, slash-and-burn system of land renewal. 

At first the emphasis was on crop production between hedgerows of legumi
nots trees or shruls, in a system wherein cropping and fallow process take place
conicurrently; hence, the term "alley cropping". The International I.i\estock Center 
for Africa ( tt.(A) enlarged the concept to include small ruminants (mostly goats and 
sheep) with the use of hedgerow foliage 'or forage. Known as "alley farming", this 
agrol'orestry system also Sllmpports farming through erosion control, moisture 
conservation, weed suppression, and prodicitioni of firewood and staking material. 
Potentially, tihe system is'scale neutrail"; thlt is,equal lV ap)l icible on large- and 
small-scale frmns-although most research to date h:,sfocused on smallholder 
systems. 

rwo divergent approaches to alley f(mrning exist-alley farming as a "conserva
tional" technology or a "restoraitive" technology. 
- The conservation-al approach affirms the original tenets of the technology as a 
replacement for bush fallows, to prevent soil degradation in areas w'here the soil is 
still reasonalily fertile and secondary or pri1artr. forest exists. 
* '[le restorative approach has evolv'ed more recently isa solution to the problem 
of rapid soil degradation tinder high cultivation pressure to support high-density 
populations. 

The two IiLiproses to be served by these approaches call for different types of 
alley farming ;,ppfications. Both need to be inv'estigated further and \'alidakted. 
work on the restorative approaica has iroceeded much further than research on 
the conservmitional aproach, however. Farmers are not easily iersuaIde( to invest 
their efforts in sustain;bility lIrojects in areas where forest lands remain 
uinexIloited and farmland isothemwise not inshort supply. 
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After a(lecide of developitment, InternatflitIl l)\.l'lC(t hiStit SAWI)) 
alley nanng's main )rcponets ( Ht'A, contributeod sulp'ort for sute ,C llh orl-
I.C.\, ;nd tI(:t.\F) re!,solved in 1986 to tive l)roi-cts with t,.s universities. The 
elepen inv)l\'eintent tocifattiontl lr'l Foundatliiti and thi ()verseas 

agricuIt rI researc svstens in the Ievelop)nent AdIirlttn isttic)n of tl I K 
resea'irch. Tile three ceint ers conceived htave sOUpl))rtcd tnining aictivitics. With 
ofia networking il)lartus for coul:lo- :tile\ f:'rming researc i 1aid ,xtcn.,iol as 
ritive rescatrcht whicl tcould C(ttlhinie its ra ison dl'tre, the network hltas also 
ilte strengtls c a)ll concicrned in :a 	 aiimedl to cnsure tlte relevaince of' lie 
ilutu1al dlc cttlOi'l effort. After three ticIhltolcgv' for sUltinalcle fiainting 

vcyai. of orlinialliilna I aid lund-raiising sysItems, aind t0t-enh:nce its adCpitltti hitity' 
I+)rc pariits. :\i:H.\ "-,'iwsest-rihislic. in for f(ntlers.

FChiruair 1989 With lund inglStig t ii Cotl)l lcd its first tihre v.e 's
i\l:clElNFI.A 

chi eflv fr'ott tie (ainlclialn Ihntermticlial of conli n lntwie ict sity ill 1992. 
I)e'el cj'it-ent:\tcv 11)t lit 	 this fir.rt piisC Sonite 32 nmititcl\). t)iring 

h1itCrnaiion:l I)elenlcien Resca:n11 its in 22 coni riCs htellped
rcilltit 
Centre (11)1c. of,CanidLl), an( tile gencr:ite a hok cl ata l nd insiglhts 
lntern,itional Fundl for Agricuhlural a)out tedgrow lecies andCrtop 
)evelopment r I.c Tlhe l)alnislt Inter-	 iicrt'ioiis, Which 10rn1s lile nut-l ctu+of0 

nitionll, II e l l nt Agenicv (I)\cANt t)c t 	 a3 cc)nl>iter-h'isel '-expert systi''c" of 
SU)irtedt pn~ of tihe ntwOrk's t:akcoff inlfornmlio,; being dcv,eloled, at tlte 
acCtivitV. Tile t nitcl Siles Ag'nc' for I *niverSiiv of I hawaii for tise bv 

netw)rkin g instittitions. AFIrA pitiici-

Types of alley farming research projects by Pants ccnl tittd t~ p:'iclects i0 tlet 
country and region of sub-Saharan Africa principal agroccological zones. Their 

investplitions \\'ere orgainized acottnd I 
sequenceCt issues f'cr deelpit telnnt, isU 

Region/Country suillt arized intilte :acctlll):ilvinig tble),
(:It letli. 

We s ternh 
Ber 3 2 3 1. Screening and selection of 

multipurpose trees for 

Burkina Fasa 2 2 0 0 hedgerows

Cte d 'vTire 2 4 0 0 T'he
essenliail qualities in selection 

Ghana 2 2 0 1 hedgerow slpecies are c~t:ilility for soil 
Guinea 2 0 0 0 fertility 
Liberia 1 0 0iiiipi'cts'itt aidapl'chilitv socil prclleitsin ;Ind0 Itintl ict esals-
Mali 2 1 0 0 othier ens'irolntitint:tl stresses (sutc its 
Nigeria 0 4 0 3 ctuglight, :ihiludt), and useftilless ctf 
Senegal 2 0 0 0 b'VprOCdicts sutic :Is fli'voOd, stikes, 
Sierra Leone 0 2 0 4 for'lge, :Ill(] n c licines. istab lishlui t of' 
logo 3 3 0 1 icdgerows is tilte frilte-rs' lrsti hurdl1e,
 

Central whiid t be crosse-d With tile right
hIISl 
Cameroon 0 3 2 1 chice' trc uspecies fc)r local soil ind 
Zaire 1 2 0 0 oliter conditions. 

Eastern Agroccologica Iccc'nside ',ticcns 
Burundi 0 1 0 0 deterninecl tl-especies for screening :tt 
Ethiopia 3 3 0 0 e:lh site. Sonie species pi-rfrnitt well 
Kenya 0 2 0 2 in spec-ific zonesC. ] tll pe-cies it 
Rwanda 0 2 1 2 pirticulir slithwctI wide aaptl;lihilitv 
Uganda 1 2 0 2 icross viriotis zones, the besttfte 

Southern 	 grwtli ill setiarid sites, ainislpctl'ri r 

Malawi 1 3 0 0 growth in sulunlicl(SIVlllnl)sites: 
two C/ss/a.,t-cics ( C. siesmea:;1ndC.Tanzania 0 4 0 1 ~I~cc).,..(.QZmbi 2 0 0 0 sclt ili.' aridl' in ,Icacia (.1urtlne' rli/o iFilS). I'lte estaih1ishltmiet wa',sZimbabwe 1 1 0 0 rllcNnisic litrillicilllyril Uln- 

Zimbabwe ___I__1_0_0 	 IprobICclheii Cin c1c4:-6.rmu tri~ils, e.Spcci~illy 
Total research projects 28 43 6 18 	 in the hiuititid zone. The datl cllctCd 


tco(Lil' tn Ir-e Iperfrtta iice aiid
 

4" 

(urability arc, however, prelimintnr :1iid 
\\.ill need to he sub'stUl!i:1ted+over thte 
next fet-w \eirs. A parfiCuir issue for 
in\vest ita tic n is tIt,e bttL(Ig"itrcCgen 
tle C1ssia Species, in view of their high 
nitrog-en )rduticti'it\' and :-ll-rctind 
Succe-ssful lcrnt nce, vis-at-vi; their 
inaihiliitv hfix atnloslplhcric nitrogen in 
ilte soil. 

2. Alley farming management 

Proler tita nageitte nt with the right 
chtoice if -tclgeriis expcted tocw tice, 

dcliver tlte piroltise of allcy faritting: 
nii-iam finiene cf'( o il fertilitv. thogethter 
With high ield c Of ft'cc t-r t)S. Tite 
f'armianl ailgeir nist c,)ecide whai fite 
tradetoff is to Ie, in allocation ccf, 
ted1gerov fcliaie for nitiltching initeriail 

ocr l'oddclr. In isssing r-'ese-'cth restults, 
pi'ol'let.s arising fromt purely hiologicail 
lsccts-sulth as ;ce- ;nd bclow

ground contpeilitioi between trees auld 

id crt cps-ituth s rtel frclit 
prcohclemtts inienanble to Itianaigelltet.ll 

Return in crop yields from 
e g r w ru i g n p t 

hedgerow pruning inputs 
on alley farm projects in 
sub-Saharan Africa 
yieid - i p f'vnry q c pu t 
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I)evlopnnal trials hitvc 'iekled 
"" ' :.. diagnigistic info.in't01:tion on la'lninrmg 

coilstralits itd poti.ntial accelailbility 
of, ,leN. fllrnling solutions, :iricl hLe\'C 
illlrodlced sole solitins for fiarners 
to test and adap',t. 

Making the idea sell 
The cotCCt'rls of dex'elopniLntal 
research chiracterize pl~ns for AFErIA's 
next three y'ears. In I)1uiklinrg on tle 
Sresti Is of tihe first prIoject phIa..se, (ihe 

resear'h a'getlda fo \I:tNI"A'S seC( nd 

phase (199.1-1999) calls I'ra neaV 
direction ill strlttegy. Ways liust be 
* 1)tOU1.]to enCttll('age Ialielllers to exleri-
Ient Withi 11 hee}I' adaIpt alle' 

Alley farm under farmer management 
l, uining to leel their needs. To date, 
few of tile farMlLers "vl have ben 
intrO iICedI to the idea hltve adopted it, 

Interactions betveetn Ihedgerow 1more conllittible vith tile hedgerows although ot-sta tiol rcsearcll has x'ielec 
trees a1fd conpaitmionl I<)d.I crioIps ha x'Ve thaIun were \igor'l uslv groing grasses, highly i'oraile results. 
sio\Vr, startlig yet consistent differ-
ences fhOrspecific cro)ps. The accoilpa-
nying ciart <oppIosite) shows prelini-
nary restits irotl continuing trials with 

which nceded t be cut frequentlI 
diuring tile first y'ear so that tile 
htedgerows coilI establisi well. 
Camerotn trials enc(utttereci sit ila r 

lhe new strategy will in\'olve 
fariers as "co-resea rchers" together 
With locil IPu)L1ic or pnvr'ate dedoIp
llent agencies is co-prololers. Such a1 

cassava (I0 cises and cotton (-t estabIiishlllent roI)blenis, but graisses n par lici paitory aIlro aci to the research 
produticed Itlower Croip y-ields on ale} 
fain plo ts than Oin noi-Itee contri ploits. 
Results With cereals (+i cases of maize, 
6 of rice) a:midgrain 1Clules (9of 
co\'pea: were consistently higher on 
alley plots than on the no-tree plots. 

.\lost of t ile cat.ss:Va r'esltls cmllle 
fron1t lie liiilicl h rest zone, while those 
oif maize canle nati l'frmii th l oist 
savannal and saiVina. frest trinsition 

the aley plots had a ihigher proteit 
content anl were greener thai those in 
no-tree control plots, 

4. On-farm research experience 
O11-farnl research isessential in fine-
ttting tile technologies, assessing their 
pr) iductivity un(er 1arnerimanagemient, 
111(I(leterlin ing their itemnti:a adot-

AAbilit\' aind fa'lller's interest il thl11. 

sloulM o ipenithe xv'a AFNLTA to 
tackle the chief dex'e l)pniental concern 
of "adoptab+ility- of alley farming. 

The ap1procitch should lead to 
answers to tile fOlhoxving qLuestions: 

H/lw t1orkabh' is the idea ,deir.lIrm 
couditiollsTlepIositi\e results from 
reseall'il station experience over nianx' 
years are difftucuIt to rep)iduce Oil 
wvorking fbialnns under farller 111an:lge

zones. Otic: crl inpS wvill hi xe to be 
tested on allex farns in those simie 

Txo\ vpes of, on-ful i 
conducted: 

trials xere tlent. 
• Does thie ss/I adldress e./thel/lier's 

zones. to enahlC .r.\t.x to letermine * experinental, .hichli help in validat- ot J'Dprceit edprotlems?Researchers 
whether tile technology as itiiwhole is 
suitalle for each pairticultr zotie. 

ing technologies or testing their 
perfornamice. 

need to exaine xlwhether their iagenlda 
to date has been reflecting correct 

• evel nopnleillalI, xwhich involye asstiimins. 
3. Livestock integration 
Folg e crops shi lti Idbe p1ifrt lItle total 
intercrolinrig schmee Oi alle' farms 
withit li\vesock conip ment. Forage 
research encomltpasses (ia p oiductin of 
[lie tree forage aild ptsture crops 

systeilatic introcluclioii of tecilliologies 
intoit ,irlning COi nlllll itx' anrid assess-
itent of their atcceptilhi!ity toi tile 
lfarmers. 

" rThe Its fr ie raige of 
experiIetta I arid dlc\'CII plnitalI sites 

* tI.cti rls'arcth approaclies 1il1 
e 1(01llrYl o' lrnS 1o Sltart ilugkillt their 
0'1, (Wathtiliols. oidwlt spromolte 
adoplabiili.)/he.Sysien?'I'llepart icip:I
tory alpriac)li is seen ais it key way to 

lhnckirig sohiitionns toilie currett 
between tle liecge'n\sixanrd (b) tlie duiring 1992 oi tleic'xhole Iluwe itiIasse. 
foIdler \Atle of torage crops ii1 ternuis oif 
cdigeslibilitv. putcin contc'nt, liid c'ffect.s 
on livestock pirod uctixit,. TriaIs ofotn l 

inmidict c'tlthat Ax\FH A irii-ri reseacrcli 
nct hid uhugv' riecs ti he firthcr 
devc'Ciped di ring tile nex t phase oftte 

.\Fi:x 

fr(n2-lc'el 
actix' it 

researchers ill strengtheln 
:ic\')ptnlertan extension 

hich M V i i sSeritial in 
type (ta)x'ere CioIidtcC.'d during the fir.t netx'ork's progran. l'xperiiierital trials aliptiig tlid disseminating new 
piSe of xr.NFt. 

Prelitnina ry resuis y'ielI a sketch 
pitture. In iC Republic of I enil. slow-
growing ptltlire grasses seeied to lie 

onl filrlins in Rxx'ancilnai savanna lilnds 
demoinstrated cea rI}' sN.tiperitr crop 
podactio t undcrialey croppiig 
sxsten isthai ill ni-ttee control il-ots. 

lecInologiie. F:ti-1crs ai;d priirlitet• 

agencies xxWilljoin AFNHI ill designing 
resca rch otiotls, atliaptig ex pe mentl 
lec iuIiIgies. a11d cxaIClillilig ile rest]Its, 
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Experiments will shift from research 
stations, where most of them are 
currently located, to small-scale farms 
where the farmers can participate to the 
fullest extent thlt they can. The new 
farl-oriented research :and develop-
ment strategy shoukl help to produce 
results which fEirmers w'ill want to :d opt 

sustain Irmn productivity. 

AF\F..\ seeks to test whether alley 
ftarming is ioicre th, ju.utan ecological 
pipe dream-whether it can provide 
realistic and practical options for 
overcoming prolblems of soil degrada -

Research co laboration 
EAST AND SOUTlERN AFRICA ROOT CROPS RESF.ARCII NETWORK 

New horizons 
After ne:arly a decade of research networking, since 1984, isAt\tx is planning to 
divide into eastern and southern sister networks: tie East African Root Crops
Research Network (I\MNxu)ic)and the Southern Afric:n Root Crops Research Network 

.AI.N\Ic.rl 
E..\VT
ic'will he hased in Kampali and focus on the needs of Buruindi, Kenya,


Makd:gaisca. Rwnda. and host country I g:,nda. Retaining tile
.\alawi headquarters,
s.xouo\Fr will concentrate on 10 countries of the Southern African l)evelopment 
Cooiomu nity (s.)O: Angolt, Botswa na, Lesotho, Nkthlawi, ,\lozamnbique, Na mi bia,

S\wazil:nd, Tanzania, Za ml ia, and Zimhabve. 


The tnited States Agency for International Development ( USAtD) and thieisletAx 

International Development Research Centre ( ll)lCt will continue to provide the 

principal funding for the participatig national programs during this new phase of 
project activity. 

Root crops rescue 
The devastating drought of the 1991-92 ,r(pping season in Malawi prompted the 

government to encourage falrmers to plalt cassat': 
 and sweet potato, staple food 
crops that vithstand drought better than cereals. The National Root Crops .\lulipli-
cation and Distribution System (N1o011))was set up to propagate v:irieties of both 

crops. 


EsAtORlNhas helped inp anting improved ,mlaterialsand innmnaging on-farm 

muIltiplica tion. (:it,
has been providing techica Iassistince for sweet potato. FAO 

Cassava multiplication plots will yield planting materials in 1993 

-. 


0 

*-varietics 

' 
 .about 

-W 

for their demonstrated c,.:trailit'to lion, thereby creating a sustainalle basis 
for tropical ,griCUlture. lXuring the next
 

fe' \'years, .\FEIA'S research acti\'ity Wvill 
become a process of opertmionalizing 
allley farmll teclnologies, profitting from 
tile
synergy of scientists, farmers, and 
development agencies. 

donated a truck to trainsport improved 
varieties to prinmr, muIt ipl icat ion sites, 
itgovernment research stations in the 
\'-rioits regions, :nd secondar, sites on 
farmers' fields. The primiry support for 
this massive effort has come from 
USAII)'s Office of Foreign Disaster 
Assistance. 

As a result of tilecamplign, over I 
million sweet potato slips have been 
distributed to farmers f'or plinting and 
ahout i'hectares have been planted to 
cassava for iuhliplicattion purposes. 
Pinting material from this hecta rage 
wvill be released to farmers during 1993. 

haSorganized training in nursery 
establishment and management for 
extension personnel, to facilitate 
dissemination of the ne\v planting 
materials. Farmers' field dlays have been
organized for extension agents nd
 
their clients, where improved varieties
 
ha've been exhibited and farners have
 
availed thenselves of sample materials.
 

Farmers have been able to benefit
 
quickly from the camlpaign, neca use
 
FAsMN had set LiuPan on-tarm testing
 
and distril t iOm system during the 

preceding three y'ears. Nongovernmen
tal agencies, such as religious missions,
World \ ion, and Sa\'e the Children 
Fund, .ire directly involved with 
ncirsery establishmelt and distribcition 
activities, which has also helped ensure 
firmer awareness and participation. 

IITAottreach scientists estimate that 
r about one-ihird of the country"s farmers 
ha\'e adopted itleast one of the three 
improved c-ass.iva ind sweet potato 

being disseminated. Currently, 
two-thirds of farmers are making 

requests for ctassava anl/or sweet 
pota to planting mat erial through their 
extension agents. By contrist, only 3% 
aldadopted one v;ariety of sweet 
pJ 1991.otlto in 
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TFod:ay cassava isconsidered the 
country's second most important food 
crop for research purposes, after maize, 
according to .\lakwi's agricultural 
policymakers. 

SOIl. AND PIXNT ANALYTICAL 

LAIORATORIES NETWORK OF AFRICA 

Fosteing a maintenance 
cuLlture 
SPAI.N.\ organized a two-week training 
course in e(lUipment maintenince, 
during October 1992, with the issis-
Lance of the I Iniversity of Nigeria at 
NsUkka and irA. !;,ome I Ialboratoir ,
technologists pamicipaited in the course 
at Nsukka, coming from Cameroon, 
Et hiopia, Glina, Niger, Nigeria, 
'I'Mzania, and Zimbabwe. Resource 

persons came from the universities of 
(uelph (Canadai). Ibidanm (Nigeria), and 
l.ou\Vain (Belgium) and from Pulse 
Inst rurlentation ltd. in Canada. 

Finding support for the course 
camne fron tie I elgian Adininistralion 
for )e'elopment Cooperatiion (AGtD), 

which also supports the network on a 
regular basis. French governmental 

project funds supported seven of the 
pa rticipaints. 

11he sPt'\A. course sought to foster :a 
'maintenance culture" among ptrtici-

pants and network members. .\liinte-
nance culIture translates into an attitude 
of care toward equiipinent, born of the 
conviction that prevention makes easier 
work Ihan repair. 

l.aloratory maagers hale recog-
nized that lack of a ma intenance culture 
is a maijor problem with those laboratto-
ries in Africa which function poorly. 
\With the regional econom' undergoing 
stressful limes, expensive equipment is 
More difficuliito replace than ever. 
Moreover, few nainten:,nce and supply 

services exist in Africa which can be 
conveniently called in. 

laioratoy technologists iust he 
able to take care iif ihe Cquipinent 
under their control. h'lieonly way 
technologists can keel ) pace with 
current developments in laboratory 
equipment and proicedres is through 
seledction.lowrg 

While not designed to make 

engineers oit of tie techinologists, tIle 
training course gave them some 

troul)leshooti ng experience in tile 
identification of ault' parts and the 
replacement of simple compo nents )i 
such instruments as tile pl I meter. The 
course organizers had made arrange-
niients with tile l)epmrment if o[silos 
and Excise to Allow iaticipants to bring 
their fa ulty equipment throuigh, so lhat 

practical denionstrations in servicingand repair could he carried out. Fach 
participant \was presented with a 
comprehensi'e tool kit, with which 
repairs were carried out on the equip-
Inent. 

'lhe spectrophotonicter (colorim-
eter) is an important instru muent in the 
soil labortor . used in determining the 
concentration of' phosphorous and the 
cyanide content in cassva a,mong 
Other tasks. One Nigeriam pmrticipant 

had brought a fal lty spectropline r 
which served ii denonstraiting thai 
repairs need not always be expensi'e. 
I pon exmlinntion, it was discovered 
that onlh the photocells were weak. 
When new phiotocells were fixed, the 
instrumilen, which had been discarded, 
could a:gain be used. 

Another spectrophotometer was 

found to have a lainaged mirror, 
prolably because of inishamdling. The 
mirror \w:s replaced with :in inexpen-
sive spare, giving new life to a dis-

carded instrument. Sometimes it is a 
simple maitter of changing a fuse in 
order to put ain instniient back in 
working order, 

The culture of care 

J 

, 

'Ihe pitlicipants turned trainers 
during part of the course, giving a one-
Ihour praictical iii eOlip1ilent maite-
Mince i ,six techillOlOgists fron tile 
I 'niversity of Nigeria at Nsukka. 'hat 
expt.rience was inlended tIo prep;re 
particip:ts to orgamize training for 
other bi;ort itory technologists back 
hom0ute. IndUed. n ret Urning iome, tile
Zilbalbweam participamt orinized in
countr' training to pass on his newly 
acquired knowledge to his colleagues. 

IrrA/rr,\IY/ts~YlU..;IuM cowir.,
 
moITrFcINOI.(i;Y
 

Cowpea creativity: a mid
1992 progress report 
'The cOlaho iti 'e network for cowpea 
bIiotechnology gained a ne"v partner 

during 1'92: the Genetics LIboratory of 
tie lIniversitv of Ghent, Belgium 
(Rij'ttnirvt.xititGeuI, Labora-oritil
 
ror(e'elitca).
 

The networking institutes held their 
annual meeting, the *Joint Cowpea 
Biotechnology \'orkslhie, at the 
Germplasm Institut, of the National 
Research Council at lki, in southern 
Italy, from 29.1une to 1.luly 1992. From 
tile USA, nine p:rticipants caine from 
'urdue tlniversity and the University of 
Minneseta. 'Ihree participants caime 
front tA in Nigeria and one from the
 
Genetics LIaoratiory at Glhent. From
 
Italy came a total of 23 participmnts
 
from the Germplasm Institute, the
 
University of Naples, tile Institute of
 
Nutrition Studies, the Research Center 
on Vegeables for Processing, the 
I Iniversity of ad, tie Institute of 
Agronomny' aMId Vegelable Crops, and 
tie lxperiient Station for Cerea ls. 

Purdue's l.arry \hUidock sUmina
rized the accomplislhnents of the trr,\/ 
is,\ Italy cilliiratiin to date, in a 

presentation entitled "Iright vistas, 
stumlbling stones". Ile expressed his 
confidence thal their inttual goal of 
genelically impro\'ed cowpea was in 
sight, and elumlerated the milestones 
reached :s follows. 
1. Identified ntlierous wild I na 
species with resistance to post

pests of co\\'pea. 
2. \ldc :an interspecific hybrid 

belween I. obltouigq/lia ;nd 11.haeol 
that may serve :is a bridge to bring 
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usuthtresist:iwu gelcs iiti cultivaitcd pldlurc.lnrtI e+ndis thtives Persistencecsti , I+;,irly 

Cc\wpea. IAlsi, lc\clcIpeld in-Vitr'o dcICik's words,despite the
V:ai' 1i1 liizei ':alliis anld will c\Cn surv ive InI)r l'f-

LIhLI C CulMR] cultr..1 Onl rhaicCO CaI;us. RJCucn iZ, the
I 1 uICtIIILis, .c C cciuraging adiances imade to)date, 

thu1 CaIl IL ,Ci illi)rOduCirIg l);iltl S v;lCi t'CAllus in aSsuSsing gUi !hc "stablc (ransornatiin o"c cwpca 
from ircaucrials ihtl ilbciti-intoirisliT- pet-'rl)crirccrnCc againsl insccts. plainls has cluded isthus Ir. 'lianrllsfhr-
CitiC i'lcridi/aiic inald hAiTC.,IcL Ji', 11.Idlcnrihiud scvcrll pli illsvith lilatir inCal hlie atalind, witiout ally
 
arly is (linc. ail'r iOiililiin- ll tc'ntial to iclp plotC'l UL \pulis cltilt, ifwc pursist. It i'sfnIly rilatlltr
clay :'.I 

)tir
3. Impr vcl uinclcrstaclinci ilc' igiiiS cril CO\\ciA iiscCt tc)stS, of,litlne an li i Viald cntiued
 
cdcllular irrcl cvric cll'iiC basis O1 iclurliilg Bc1cjtiiS ( u1riocp,iW crSistal crcilitccili uOil ii1 rl
 
i pc',iIihilit ' Icut cc I'" ir ci u. (-i-rriii Iiirs
ucri\ cL\WpcA aid c'wLciiihihioi. "As rcga ics lhe iLl rid ing inriCsICd ill
 
'cxillawc, rl1v iarur ollol' 01ri pIt'O irlcilNi0I. sic fla, I think it is accurate
Apc)iclcial Ifari sc' lc r.uscarchir 

isuCLt r',iStlincC g'nilu,t(cpc'a 12. r
I . Iid ilihiricl gc'rc's lo I Ci- tc sa' tlhlitcLi)r acciilcplislllilnts hace 
i. Appri-oalccl ck c'i i uiclirtalliig arvlalsc irillilcillir cI-Al I lr ccirrlilon I)cCin whil, hv hiotcchattained tlsirl 

ile basis ofi rc'siriincu. 0! v:riclv (i) Whcat gcrr ill
cic Icc'a rc'. ai,g4utillill nllog' i f-uclrv slaIa rrls, is A 'cr''
 
"l\i 202- fia r irs clii ivCi, tic (i ,aid tI sc'\c ra I lluir/s simall iimustcit inticlccl. the
Niiw, with 

ccwl\' I \\cU\il /cctriling sis crtltyil pi ltuiil C'risis ill
.All oif tirnclintg fi itilurilariril ccrite'rs
 

I .ilc.'ri, cl hC'tir lit' rLItCr, all lhcsc c'alc's arc' Iicel' :ivail;ic ti icic' Is, theCrc is inclic'uiscd c'lipti
irpi ir-ravi *iilti-ntlliitI lial lfatirs in clc'VlLnrt iCiirsll, \\ ilhnlcstrinigls lion I'or
I'ur-lilg scitirceS. Tie sl.iuple
 
I'lltl Spc'cic'!tc ll aS caiccl Iil t[liccL. l_ inlOIpca; ti'ainsiriria- 1"ic' is tat wilil)uil adclitilcra IlClirtg tio
iC, btic 

bcctl Ih' chIc'riciv alldplciscail tiol 
 tic 


p icrtiuc0I' cL\\cu rcItcl itoits i lC 13. Ikid in l)ccspct aclclitlii iril genus ti ro0ccrStiCSS iitliir ulir/its iilcOiieCI,
 
islccccl. lisc' f0r ir I Uri'lcsu , ilcli icing A bicilolc cli1cgv, thce I'cLture is, m cest,
 

cc tlllinai1d cvcri inic:isc tlie 

phy'icil llcuir Iciisitnc. I)ucli ipeid uXpircts, with cOHliiiii flIlll-r1,Mhittcre, c(]irpi cr-a- itl stiies \_l" which we inlma 
idl ricIcOliulacr tcill.il1icsrihC lionti iuke aailkblc Iic cirilucc lic'ir casily Stiimlc. 

gCriul ii ll-alrrrrtclcrc COi highly atlivec, l cwIpca cells, cldilicl /l.Icburi 4 ie'usis "FIeIrIC, with lilitC'd rsiCtirces. it is 
ilclClingrigt tiS. 0c*.if;l.1ri 1cc,fCi1 c ll(Ir.'1c1'011 c'nt*l' u"sliig aga ili iwpa insCt's. vital thaln c'vcr ihat all thoec who
 
IlctiW'1 .1ci'c.a n 'l'h r,,rlts arc plrillisirg-1his gCrn wish tic participate in itis ghod,woc-ck dio
AClCrAt'rll' iLii iartic',, 
(1hrC"i c.AS Well AS talrricil c ut tri aNl ilsii hct nlc aaillC ticd'vcnlI) 'is cciicMiic'itil's bit iscOlla uCre. 

with itlcr i'clIctlcrIctiS sch i cciLiniius ihliiciglh II . All of, iswli, fccr. ycar' flow. hiavc' 
elc'itrcipi iraic crllc. CcWpc'a C tl vC'cCtcr cCcristrtcIs cntaiiirillg \Ockcl tcwarld this g al., warily(IIltlCriC I 

i)Iit caIrrviil. r gcrcs I c'iin ci-l ailidih1) \A.LVSuic wlc'oHic' alnv \\c' shilafrigric'igJ , hi'c. (I I!'(r Wic'wvCclcur 
,.  i)rUcluccl At IlirtiiMi LI Crlc cWic'a Cell rii crcitIi'lcrc tisiilg gladly shla the last clc'tails ccfltira i 

-I )ev'clo ed iilihiquCs fiir cisi rig tlii' t" .. klbiu/'riucii ailld tIlc' "gtln". A uruirccl CX pc'ric'lCc' aind 0i.r hrbst ideaIs auldicc'l 
IciluRe liC,,.i sclc'l-0SpCc'iiCiIiC lhilcail sr'C ntcrials. Ilintuii., we'ask c)ilv for theIcicliig .\ I ilitr tic l)RlIiiclc.c, 
charitlc'ri;c' ccMi pi'a wc'vil rc'sitlaiic ic c'X.irss gc'rc"c ill COWiw ,c'Cds. sanc. Ratlhc'r 1h:n chiplcalirig our 
\c irkcdl ctlirciti ccis l.ir rapid I I)c'c'licpi' riic'tc ccli cli igic'sdiri cifIts ai, inali,ill slli e Ivcpatilig 

"Lr-M of cilgpuO\\l-c,:ic i (luickly iclillif'.ii-i pliits. allc'ady dl pe thasiCds iinfsct trcriic'l \'cik wev' ,weii' 
r.iistithc. ThcV ;irc' 1(. ivtwoicis will take' tlhcir place hesidcAll Aal\Ali'iC hr 'l'rainllrci'il an1 sLidcc'ssftullv 
lr;illst'r c'xpi-' sc'cl tih' .-Al g 'ic' iccii ccoiircl1 Is ld aldtlclc'ir Sli'rntl ti cwari aIrt11Vto III 

new liti8. Ataiincil :\\rsigit ncc ben inlccllcVipcells Ie i' cilocgiialllv il iccial cfl ic.culdT ii\'rnt lrI. rhis he a 
plh\ic'nClut rLc!ilisllips alliclig the at i\'pCric',ini lirc iclAt his gInC' oicist icicst:rctcli iinc irldcid. 

tinfnti c, s prIct'illc ;drscl cili Aaiiilac'cUl ti aM iilllrusiv'C ILgireCC ill "Fhe ke' wviils arc cciniaicliCiti n, 
tcithniC:. -s. ccwpc"a callus linlklges,, Sliiiii , itrrst.lc 1icdiriicil, 
).licr'ai'cl uailitydald 1' ii'\\ iSiglits iici thcA1litit' 1-. Aiaincd aind gOcl Will. Ill te C'icl. We Sichctlc 

ticltrvatul griiplasicwild .ircl L t cgc,'Ma iripi irtanc'c if caricllv sccifrig ite kc'lp in ictiiiI's cvi' Avisilli 01 thC 
A-Ailallc; ilc'scribcc lncharait'rized cc 'glitc\'l) 'l. lfrrl' s :111ciLcrISInMIS illto betrrifi, pi 1cr 
tlc liitac'cl.ls. Clc'arv. Ihi' gClicliOc' ch iscri carllike clcv'c'lclpiig iialilns wlicse lives will le 
ll.e)vce\cccl nfcvi Itcclriliiu's 1h0 ;agreatil ct'if dliferrc' ilIhtC ailittlIc.leir if i' rIccl..suc 


rc.'ailiil st_'S ccl plaint cillIrs tisSLIc's- cItiivCeniCss 01c'CItliill r'sist;ilCe gnes 
fiiiling. rc'ilrcikally. ,ilat tIhcowpca ill prcovidiig plaillpliecticllin. 
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VISITING SCIENTISTS 

IMTA facilities with national program scientists whoshatres its resea.rch 

use then, as visiting scientists for periods of uI to a year, to elnlance 
their work hack home. The benefitls flow two wa\,s: the distinguished 
visitors contribLte insights from their own experie nce to 11FA work, 
providing aI exir'i dilntclliOll i0 JIIIc hillnp 1t ITA.l.cOI )litiise 
The col]lborative experiCnce 'AlsO la's 1bIundation for a riore 
suhstantial piannership betwcen their pn )grirs aind rmrillfuture. 

I)uring 1992, rr.\hItsted severl%[ "ciClltiSts frtm deve'Clofping Itnd 

dcv'C lpUd c rountries. Iesseh-Yov'oThe work of two if them, .\hlea' 
of'Togo and Plasquh.ALe Pl'trilli of Italy, illustratCs the vatlue of the 
collaborattion [0r ll involvcd. 

MawNule Esseli-Yovo joined ur,A'siize iniprovetent progrm in 
April 1992 tor tyear is\isiting sciCntist, with :aspeci;il interest in 
rtize treak virus resi.st.rlC. 

)r lss.,,lh-Yot'o is tie mtize progrtt leader at logo's I)irectorate 
of Agronortic Resmca rtr. After gra duN1irtg fr(0trniversit dotIicn, T tgo, he 
pi rursuCd i ritst er's degre in llpiri:i aid, inr 1979, cirpleted his Pil) dtegree in 
Biulgiri: illplilit genetics. 

)1I his reitlrri i .sset-Yovto"ogo,I)r hc:ded tile develoirent of'his cot nry's 
niliztehreeding progriait wil I):trtuclCr Ce Ctn for )iirucer aid c1ntilirttr 
varietl lirelcrences. I le Also worked ort streaik resistince in rn:lize. All ihong, l)r. 
lsselt-Yor'(t has tad go()d c tllaboraitive relations wilrl IllAind (IMMfr. 

At tirr\, I)r l-sseli -Yovo investigated hociiliiiicties of it ize firoin Be nin, 
Cai, riion, (otc d' \'oir,, .\illi. \lairritiniia, aid Nigeriat, for strrak viris resistlrice. 
h'lielirnis to iltprov'e tietili conlihinig tigli-yielding cltaracteristics and 

dcesirihlc grairn qu~lity, l~teal variiics ind iT,\inhrds wilit stre;ik resistince ;ire 
b eing cinrbilnCd ill tipCross hyhrids. TriaIs ;iresclteduled t0t strr,1 during 1993. 

Resc-crli oi strt;ik :atil1A l newled I)r Esseh-Yovo to devve,loei ithod ftor 
S.,c2,,.ning, whereby plants are inoculated with virus in tie screeniOuisC. bCfe)re 
icing tiaUspil1id il ite fields. The new rtierhod hll yes tire usual failure rate in 
infesting p)l:inrS With viritliferous inscls. 

)r sell-Ytovo also rtodified the streik illOtit ioatn proc,edutre for lise in 
infesting naiz,cila nis w\ith in the screen It.rse.l,-'tqi, 


In tie cou rse of his rescarch, )r Esseh-Yovo Is ieconle convinced rlia farrmrers 
riLtst be inCLidCd ini dcii ioriraikirig ahotul breeding riaterials in the emainstiges, to 
eristlretl:it firia ieult will hiCCeli il i0orSuntr rers and idopted by f irnters. 

The itarket price of ritize is st low h: li 
Pasquale Petri grain iluialI ity mosL ie2 frlly :aCCeli:ilelr ii0 

consulters, or fa ritters 

cinnotiffolord to grow it. 

iiitPasquale Petrilli joined 

tiT:'s
biotechnoligy 
reseairch unit isivisiting 

sC'eiist in AilgiSr 1992. 
I)r Pet rili, ill:ssistialitl 
Slirofuessir and lpritcri 

chmt tistat thlie I ri versitv 
if Naples, Italy, had 

earlier visited iITfriorm 

001(211t0iirto I)cctnor 
' 1 1991, nil wil rtrllill t r 

arill yCar. 

ul)iring his present 
,..-. ,[entire, I)r lietrilli w ill set 

Mawule Esseh-Yovo 

appl]'ing Itroteinr cleriistry rtchniques. 

ittlie bioiteetchntgy resea:rch unit. I It 
1)1l:ns to ilitrOdLIcC new applications in 
protein chetistry to colle:igues a1ITA, 
especiailly those involved in crop
 
intiprovemtient a lte.tIllt Iiriaage,i(d plant 

nitent efforts. This work will support tile 
selection of new ritaterialIs with desir
able claracteristics, Using rnroLolar 
ita rkers and oriter idiagIoStiC' protes. 

MoieculnIn urtarkers are usuilly 

lroteins ( isozyntes or nucleic icids 
whichi are detectaihl differentIbetween 

ind'idutlIs. At imA, such marilkers are 
leing ursd in dleeiin ing relaiiionships 

niong species, aind in confirming he 

ideit itics of pm-euir i d hlie ir lybrids in 
th'teOiitiOn of rtCw cuitivars. They are 
At L.usCd il1Ite ciCst llti in Of gen'etic 
ita s f crops. The resuilting inforrita
tionwill licp in tintroducing ilesiraile 

Iraits friori wild relatives ino crop 

species. 
Dr Peirilliwill work with lT, 

colle:igues to identify lroiteins ir'volved 

ill crop resistincce Iechliisnis, isollte 
known proteinis arid enzyrmtes aind 

cihiuarcterize thlI. 

Toli:ichiC\' ri.se hijcCives, ITtAhas 
reti tv aciiituired ai1d inst aI led equirili

tt foir irotein analvysis. A systemti will 
he set IiJ10 sell irtteiris irsirig 

differ't kinds if'c']lir ltOgrjp]liC. 

sUpo irts, incrluding gel liltion, ion
exclta.lige, amid A finitv coltnmns. 
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Abbreviations Used Report 55andAcronymsin this 
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flows 
Donors 	 571992 
Board of Trustees 58
Professional 	 58Staff 

PublicationsA Stff 61 
Other Iin 64 

R e c o r 	 by 
Publications 

Major resource allocations Values inUS $thousands 

10 	 20 30 40 50 
Resea rchActivity Si1,1 2 6 4 ' ' ' ' . , . . .4. ,e 51.1% 

Resource and Ctop Management $3251 1 	 15.1% 

Plant Health Management $2329 . 10.8% 

Research Support AS1732 I . 8.0% 

Maize $672 1 3.1%
 
Cowpea and Soybean $918 1 4.3%
 

Roots and Tubers $1094 I 5.1%
 
International Cooperation S1130 ! 5.3%
 

Information Services S756 I 3.5%
 
Training S877 4.1%
 

Depreciation S2,722 . 12.6%
 
Administration and Operations B S6,038 
 28.1% 

AIncludesBiometrics,AnalyticalServices, Resources, Forms, Biotechnology, StudiesGenetic Research andAgroecological 

B Net of oo'3head recoveries 

Inventory of Research Projects 
riPoe,il 
 Funding Cooperating 

Sources Insitutions Location Duration 

Crop Improvement Division 
Root and Tuber Crops
Cassa,,a germplasm rtroducton, evaluarion, and disrbution 	 T,core, oAi (:IA EtIVnE'A, nIks Colombia, Brazil, Nigeria continuous
Casso,, a gempasrri enhancement core, DurvDA rAPS, ArJ, V:,nAUr 	 Australia, Denmark, continuous 

Nigeria
inte-nrar;':l coliabociive trials core, rjRs ruPS vat. sites, W &C Africa continuous 
National coordinated research trials on cassava r4s, PRpmc rcnRI Nigeria continuous

Yarn qernnplasn evaluation and distribution 	 coie NARn vat. sites, W &C Africa coninuous
Yarn cermp[asm enhancement core rM'CPi Nigeria 	 continuous
Posrhurest technology Leuven, Ar.,jcore NAPS, mU Australia, Belgium, Denmark continuous 

PvAu Nigeria
U,ihton of cassava for baling bread Leuven 
tchndogies for gerrmplasm distribution of pathogen-free 

AGCD i:u Belgium, Nigeria 1902-1995 
Ghana, NigeriaODA Wye College u,:, 	 1992-1995 

01Lcoreo ,rmS 

Maize 
!/o.e br-v,n; i iro'henvhrnna 

r'ed prr'41ni core 'vp, Pioneer Nigeria 	 conlinuous 
3rr.ipt r,-sistanc. core rcvi/r:, Cameroon l'Jigerio continuous 

5( 
 laote'o fifc i ,'I to funrIThf .r, 
 rrnrersr -oirelaredactivilies 
is'orirn ir, rr !- cr-i issuk, r ,.s for df,,,i 	 n i countries 



--

Project title 

lilrogen use efficiency 

Drought tolerance 

Grain qualit,arrd utilization 

Maize breeding ftar the f,.vest
 
D ),,ony
mi!dew resistance 
Stem b:irer resistance 

H'-,r cver and ,.%cel resistance 

Gram iiy and utilization 


the
Maize creedng' f,-,rmidairirudes 
Yid clenltal 

Dsease resisfn,:e 


Germolasm enhancement
 
Striga resistance inrnajze
landraces 
Characterizai an of maize germplasm by environments 

Gutre ach 

International trials 

Ccollabrative research with r uPs 


Plantain/Banana 
Plantain, banana breeding for durable host 

plant resistance 


Develoing Musa breeding capability and strategy 

Banana improvement far the midaltitude 

Biolechnology for Muso breeding 

Postharvest quality ofplantains 

Genat,/peuoy-cro,-crn1 systems interaction 


Genetic Resources 
pea pi -nen cnrii cat-r, 


Inteisoecc, hybrndl,,; c',',gnu srp 

Cop. c':haracterization 

Grain Legumes
t
Breeding f,,r -aret,M-,or4aucaress pId borer and pod sucking 

cugs In
 
C,I,f:a]
vanetal development for humid forest and Guinea 
saanna zones
 
Cowpea internaional trials 


Nationally cuordirared reseatrch on cowpeas 

Cowpea improvement for cereal based systems of moist and dry 

savanna-mprovernent oflocal v,,arjetes genot,pe < 

environment ana!ysis resisrance t,-,
Sftrga, Alectro. 
MAuca, aphd thris. and hruchid 
Generics of t r.,,ty r'jarid o enol,-gca: adaptation incowpea 
De,'elopmert . i.vaneres I )I %'Y region 
Soybean .r, I,r'e savannac 

Soybean in., :t,: trials 

Studies on tsrt wr s n jdvIaton 

Interciop physaogy ofc:,,,,,rcea 

Develaprnent )v.scea and soybaan forGhana 

Soybean prov:,lssng 'andiilt."rtion 


Biotechnology Research Unit 
P/alecular rod '-, ,r ur inct and 
detecton ofjen, I ,nIn, sp.,.er'r r 
Co.er refvea nrd1eneh tnansfrormation,caanl rtn 

MAon,:cnal antriiv,d,',rid di'i r 5ti' 
Biotechnlogy ;,r: , rnrr'utnarit 

"lore. Ihe corif nA'J.0:i ;e t, c fnd fiose reseanrchrelared adrvites 
essenial in l -,'rnne rngl " ' jrle-t'ves fordeveloping countries 

core, UTC 

core 


core 
core 


USAD 

core 


core/BAC 

core 

core/USAID 
core 
core 
core 


Italy 
Italian universities, 

Italy 

core 

core 


core 


Nigeria 
core 

ODA 
EEC 


core 

core 
HiFTA 

core/TsP, 
cOPt 
ifP§ 

Rockefeller 

Foundation 
Italy, cuow 

Belgium 

Funding 
Sources 

core, C7Z 
core 
core, 

Guinness Nigeria PIc 

core icP&T 
core U)rcV. 
core Univ. of Benin 
core. IAP&T 

Guinness Nigeria Plc 

Cooperating 
Institutions 

L,Univ. of Hanover, 
u 

i.',s/, Hassan I 

UTC,tCRE/PA 
uTC, rICE/PA 

-

SAFGPAD,CIV'Mtr 

SAFGPAD/OAU/USAc) 

tJAPS 

rus 


irJIBAP,FHi11,C;51t, 

Location 

c.Germany Nigeria 
Burkina Faso, 
Mah Nigeria, Morocco 

Nigeria 
Nigeria, Ghana 
Benin 

Nigeria 


Nigeria, Cameroon 

Nigeria, Cameroon 


Nigeria 
Nigeria, 

Burkina Faso, C61e d'ivoire 

Burkina Faso 

Nigeria 

Nigeria 

Cameroon, Nigeria, 
u [euve-n, f iC,'. "i. Uganda 

IDEfOR,
'PAZ,Ut PP 

and other rnA,
USDA/APS, iu [euven 
rJARS 
USD)A/,rS, u [euven 
r11PS 
-

Univ Naples 
Purdue Univ. 

Uf 

NtARS,VV & C Africa 

Latin America 
1AP 


ABU,IAP&T, ICISAT, 

TAPCJapan 
50 (oI 

Univ. of Reading 
SACC:AP/SAC 


-

-

ttitr 

TvPc (Japon) 

C1i 
o,&T, sr r , t t it 

Univ of Minnesota 

Purdue Univ 

Italian universities 
cP' 

Gent Univ 

Nigeria 

Nigeria, Uganda 

Nigeria 

Nigeria 

Nigeria 

Italy 

Nigeria, USA 


Nigeria 

var sites, W & C Africa 

Asia 

Nigeria 
var.
sites, W & C Africa 

Nigeria, Reading 
E&SAfrica 
var. sites, VV & C Africa 
var. sires, VV & C Africa 
var. sites, W & C Africa 
Nigeria 

Ghana 
Nigeria 

Nigera, WAu 

Italy, UcA 

Canada, Nigeria 
Belgium 

Duration 

continuous
 
continuous
 
continuous 

c )ninuous 
continuous 
continuous 
continuous
 

continuous 
continuous
 

continuous
 
continuous
 

continuous 
continuous 
continuous
 

1987

1992
1992
1983
1992
1980

continuous
 
1989

1989

1971

continuous
 

1975
1990

1993
1990
1977
1979
1992

1990
1985
1987

1990-92 

Continuous 

1990-92 

1992-95 
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Project title 	 Funding Cooperating 
Sources Institutions [ocalion Duiarion 

Plant Health Management Division 

Cassava 
Sludes on yieldforrnation arid nter ,j-ns bet,,een thecassava core uc Benin, Nigeria 1982-92 
plaint Iimaie ihritsrcests, and tIe ughout the elrse gio,0,th cycle 
Charcenizaion core, UNDP (7AT,oaspects of the biology and ey irteractions in EMBPAPA, Benin, Brazil, 1983-95 
thesorrzundrng ogneJecosystem o Al tanloa Univ, of -kmsterdam Cameroon, Colombia, 

Ghana, Netherlands, 
Nigeria, Rwanda, 
S;-'ra Leone, Uganda 
Zu.re, Zambia 

Effects offarming practices on thebiological core Univ. of L iden, ETH Benin, Ghana, Kenya, 1988
control of thecassava mealybug Malawi, Tanzania, 

Zambia 
Epdemilgy of Afrcan :assava mosaic virus 	 core, ODA NPI Nigeria 1992-94 

Yam, Sweet Potato 
B< l3j,and conool of yarn anthracnose core rrt Nigeria 	 1992-93

4
,,_-sing potato virusDe,.opmert an ot s,.,eet tciltIAprobes 	 rDRC Agriculture Canada Canada, Nigeria 1990-93 

Maize
 
Analysis of the maize ecosystom with focus on the most important core, GTZ CABHiE, 
 Benin, C5te d'lvoire, 1989-95 
[or,,dconeraus cests of VVest Africa Simon Frazer Univ., Ghana, Malawi, Nigeria 

Univ. of Reading
Srudes on the biology of Strigo spp and their epidemiology; core, GTZ Old Dominion Univ., Benin, Burkina Faso, 1989-95 
deelorpment ofimproved resistance screening techniques; Univ. of Hohenheim, Cameroon, C6e d'lvoire, 
trnprovernenr of resistance leels through the use of exotic tAP,Univ. of Nsukka Nigeria, Toga, Germany 
germplasm studies on the use of biological agents and Tech. Univ. Braunsweig 
agronomic practices for Striga control 
Characterization ofmaize pathogens core - Cameroon, Nigeria 1992-94 
Ecidemiology ofmaize streak virus and leafhoppers vecor biology core Univ. of Illinois, tiPi Nigeria, Uganda 1989-94 

Cowpea 
Feasrnh,/ study f.orte introduction of ecologically and core, SDC ETH,Univ. of [oval, Benin, India, Nigeria 1987-95 
econnomicalli sojnd pest management strategies ABU,ILCA,ICPISAT, 
"Jdaoted to soststence farming systems Purdue Univ. 
Studies,irus diseases oi co. vpeaor-n core AUW,IPA Cameroon, Mozambique, 1990-93 

Nigeria 
Chatazir!e.zatun -imajor pests and diseases in the core rAP/Zaria Nigeria 1991-94 
Northern Guinea and Sudan savannas 
Sreenng ,ovfpea varieties 'at resistance to pathogens core itWAN, Niger 1991-94 
inth dry savanna 

Soybean
 
Iu lies on roje e leaf so-t disease core NCPI,EM.BPAPA Nigeria 1991-94 
Biology ,fred -eblrIrch core Univ. of Jos Nigeria, Zambia 1991-93 

Plantain/Banana 
B- y My,:espharea' fipensis, causal agent of black core - Nigeria 	 1991-94 

i]!-;a d'sas
 
nirj panti and .coinyog bnanafor resistance core t.iBAP Cameroon, Nigeria 1991-FHIA, 

'-tors and agrnomic practices Rockefeller, SDC IIBC,CAT,Agriculture Benin, Nigeria, 1989-93 
'r tat [carar a MeI and iematodes in Canada, Univ. of La lganda 

hghland rinanas and plantain 

Postharvest studies 
Studieson p;rhar,'e ,tst nests ./maze 
St,e on oosthare ,0nserfvests ol copea 

core. ODA 
core 

UtIB,r p 
Purdue Uniu. 

Benin, Nigeria, u), 
Nigena, usA 

1989-94 
1990-95 

Eco",ual studieson tt,-It.du,:edlarger grain Dorer in IFAD,SC., PAZ 4J41" CP,CI,1.1.,t' Benin, Honduras, 1988-95 
stared maize ara cas 
Asperqgius 5As pro 

nd iai th-esurrounding habitats 
r :re;e ard toct, a itern 

EAP,Univ of Gottingen 
0'M1, W,lnpoCCUniv. of Berlin 

Mexico 
Benin, Germany, usA 1992-95 

Biological control 
MANGO MEAYIUG 
BohI,-al ,cetnrl,~2te mang vairarv g by 
theirto-du cedparvsit-,d6vaimdva(,j.tebqg 

SOC Univ. of Leiden Benin, Conalry, C)te t'(1,'are, 
Gabon, Ghaa Guinea, 

1987-93 

quaat.cacon o irnpa:t indinerernt eclog ca tcndions t,figeriaI Sira [ti-,eZarire 

Note The core budget isused It j lh, i risch r,,iied acti Mties 
essential inmeeting thi , by> .'s j',do rig :ourtes 

52 



Project 1t1 Funding Cooperating 
Sources Instituions Location Curalion 

WATER HYACINTH 
Rearing release, and monitoring of Neochetina csPO. ;rBc Benin 1991-93 
eichhorniae, a beetle feeding on vater hya-inth 

BIORATIONAL CONTROL OF ACRIDID PESTS 
Neern ilas i cossibe ahernatie to insectrcde used against GTZ Univ. of Giessen Benin, Madagascar, Mali, 1990-92 
locusts and grasshoppoers Niger
jo)rr o,-lgoial :antril r:iroect against locusts and USAIDCIDA,CD4, DFF'.IfK, Plant Benin, Niger. Maip om 1990-93 
gra'ssh
or, Dci; Protection Service 

of Benin, Niger and Mali 

DEVELOPMENT BIOLOGICAL PROGRAMSOFNATIONAL CONTROL GT Austria uLj[i'ruc 25 sjbSaharan contries 1990-96 

FAUNISTIC AND SYSTEMATICSTUDIES 
De',etossr~rn insect ruseumrstuPti):t Ausria Benin, Cainero-on Nigeria 1991-93 

Resource and Crop Management Division 
Resource Management 
I r,] :01f"ri A"enlrDnmnens iesourcesand -(-onstrainlts 

t/jng 2 ecK.ca! ar jore on: res ource information tIDA ANU W & C Aftica 1990
and - rodd :tive potential or \Vest and Central Africa in a 
resource ri Drrration system (i and geographic 
niorrnaticn system cli 

Characterization ofresources and resource management in - NCRE,IRA,NCPI Cameroon, Nigeria 1988
indigenous farming systems 
Characterization and development of the Mbalmayo site AJDAB CSRO, Obafemi Cameroon 199 I-

Awolowo Univ. ur, 
National Herbarium, 

Adaptabil y and adoptability of alley cropping systems 
Adaptive capabilities of hedgerow trees USAJD 

Cameroon 

Univ. of Hawaii, Cameroon, Hawaii, 1989-

Weed management inalley cropping core 
Michigan State Univ. 
-

Nigeria 
var. sites, W & C Africa 1989

:.Er research projects 
Multipurpose tree screening and evaluation (on-station) USAID ICRAF,Oregon State Cameroon. Nigeria 1990-

Alley farming management trials Ion-station) 
On farm research with alley farming 

Multipurpose capobility of herbaceous and shrub 

IFAD/IDBC/CIDA 
IFAD/IDRC/CIDA 

core 

Univ. 

-

-

vat. 
var. 
var 

sites, W &C Africa 
sites, W & C Africa 
sites, W & C Africa 

1990
1990
1989

legume-cased cropping systems 
Development of agroforestry systems for the humid forest zone 
Determinants of susrainabiliry incropping systems 

core ICRAF,IPA,NCPI,OAU Nigeria. Cameroon 1989-

Concepts and methods in sustainabliy research 
tong term sustainabilhty ofalley cropping systems 
Comparative systems studies 

Development of models and support systems for integrated 

core 
core 
GTZ 

-

-

Univ. of Gottingen 

Nigeria 
Nigeria 
Nigeria 

1989
1989
1989

nranagement oftropical soils 
Integrated rvtrient management for acid suils core - Cameroon 1988-
Nutrient cycling inal!e1 cropping systems 
Dyrnamics o soil organic matter 
Regeneration of degraded soils 

Biology and control of Iniperata cyhndrnca 

core 
AGCD,DGIS 
core 
core 

TSBF 
KU Leuven, ISF 
-

-

Nigeria 
Nigeria 
Nigeria 
Nigeria 

continuous 
1988
1989
1988-

Crop Management 
Humid fLorestsystems 

Chiaractenzat'on and diaanoss of cassava based systems core, Univ. of Helsinki Nigeria 1989-1992 

Collaoorative st d1 of :assaa inAftica 'coc;,) 
Univ. of Helsinki 
core Rockefeller I / 4fri n cc-ntries 1986-

Foundation, rIs;Strategcj rotoom-ragement studmes core J1 Nigeria 1989-1992 
Adaptabli/ and id")crribihlf/,:topping core,of t 

u1,roP, E-.c Nigeria 1986-
Ford Foundation 

DeveloCtenlof rnro oc .:hroi,e; Vo core var. sites, W & C Africa continuous 
cassava ased systerms 
On-firr ,a , r)aorrd 'D'r 1ftr.roed tecIdhogres 106uns var. sites, W & C Africa continuous 

Note, The.-,:reD,a et'S 'sod ;rh Ih-seiea iachr acti,:ivries 
essential irimectnj tre , , :, o tbie s5 ,rde, 1 

0D.] .:vifir5 
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Project title Funding Caoppcating 
Sources Institutronv Location Duration 

Savanna systems 
Characterization and diagnosis of sa.canna s,stems core r.',in 17 countries sub-Sahacran Africa continuous 
Development of improved tochnoloqius formaize based systems 
Impact ofimproved technobgoes 

core 
core 

or 
CPA,CPI 

Nigeria 
Benin, Ghana 

continuous 
continuous 

Integratlon of 'qurim based ithrioojies)rtrlirming systems core Benin, Cameroon, Benin Cameroon, Cite continuous 

C6te d'lvoire, Ghana. dIvoire, Ghana, Nigeria, 

Imrract ,a,'lvir<; or -dipt:s,,sternson Stga core 
Nigeria, Zaire 
ItA,rHAES, IRA,(North), 

Zaire 
Cameroon. Ghana, continuous 

Derermnants anf .:nseqences of nrens,'cairron core 
PASCON/fAO 
Al, C1EIS 

Nigeria 
Ghana, Nigeria conliruous 

Inland alleysfstems 
Characlenrzant n and draqn sisof irland valley DGIS,core Univ. of Gembloux var sites %V&C Africa 990
samp s}stemrs VvADA,It1s 
Manpmg o;ex,_chgcaland economic resources information DGtS "inanol Stating Centre var. sites, W & C Africa 1990-
Straregic eron rnJrvagernent vtudie core Itz icc %',vatsites, VV & C Africa 1990-

International Cooperation Division 

I -P USAD IRA Cameroon (Phase II) 
1986-94 

Developmen of instrituional capacity for r .,rch on cereals 
and facilities for transmittingresearch resudts to hrnmers 

(fistPCIDA Cet Ghana (Phase Ill)
Development of varieties formalor enironments of Ghana 1990-95 

"Ghana Smallhlder Rehabiltanon and De'.elopment Program IAD CRI Ghana 1988-92 
Development of root and uber crop producrion inGhana 

SFGRAD USAID 17 Sahelion countries Burkina Faso (Phase :1) 
1986-3 

Development of improved varieties of maize and cowpeas and 
improved cultural practices ,viih farmers insemi-aid regions 

soDc Cowpea Kesearch Project EEC Angola, Botswana, 1nA, Mozambique 1990-93 
Development of cowpea product on in sACscountries Lesotho. Mozambique, 

Namibia, Swaziland, 
Tanzania, Zambia, 
Zimbabwe 

ESARRH 
 USAID,IDP. Argola, Burundi, Malawi (Phase II 
Ethiopia, Kenya,

Development of improved cassava and sweet potato Madagascar, V'lawi, 1992-95 
varieties for sustainable p-oduction in East and Southern Africa Mozambique Namibia, 

Rwanda, Sudan. 
Tanzania. 

Uganda, Zimboabve
AfJETA CIDA,IDRC,DAt-JIDA,Benin Burkina Faso, Nigeria 1989-94 

Applications of alley farming as a basis for sustainable IFADUSAID, Carneroor, 
farming systems C6te divore, Ethiopia, 

Ghana Guino 
[Iberia, Malawi, 
Nigeria, Rw.anda, 
Sierra Leone, 
Tanzania, Togo, 

Uganda, Zaire, ZambiaOn-farm adaptive research for cassava, yam, rice, maize, cowpeas EEC Benin, Burkina Faso, Nigeria 1990-93 
and soybean in tropical Africa Cameroon,Chad, 

Support for wide mulilocation testing, multiplication, and Congo, C6te d'lvoire, 
distribution of improved varieties Equatorial Guinea,
 

Gambia, Ghana,
 
Guinea, Guinea-Bissau,
 
Mali, Nigeria, Principe,
 
$6o Tome, Senegal,
 
Sierra Leone,
 
Togo, Zaire
 

Utilization of cassava flour inbaking bread AGCD rU Leuven, MA Nigeria 1992-94 
Improvement inexisting technology for baking bread, 
using pure and partially substituted flour 

Note: The core budget isused to fund those researchirelated activities 
essential inmeeting the Cor'ps objectives for developing countries 
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c 

Project title 

:t.tC 

Strengthening of nars of West Africa to conduc adaptive 
research, and to promote increased regional 
colla oration with Arc; 

Posthar,.est 
Design, development and field testing of improved 
postharvest technologies for selected 
villages inNigeria 

Funding Cooperating 
Souwas Instituhions location Duration 

France, c&.F Benin, Cameroon Nigeria 1992-94 

Congo, Gabon, 
Guinea, Nigeria, 
Togo 

Ford Foundation - Nigeria 1990-1992 

Note The core budget isused to fund those research-kelated activities essential in rieeling the coui's objectives for developing countries 

List of Abbreviations and Acronyms 
ABU Ahmadu Bello Universi lNigeria) 
ACMAD African Centre for Meterologicl 
App!:cations I r Devloprnent (HligerI 
AFNETA Alley Farminc Netork for Tropical 
Africa 

AGCD Administration gndrale de la 
ccoperatein au d6v+eoppemenl (Belgium) 
AGRHYMET Centre rujonal de formation et 
d'oppcation en agrorn terologie et 
li~drelogie op6rationelle (Niger) 

AIDAB Australian International Development 

Buieco 
ANU Australian National University 

Agricultural University, Wageningen 
BADC Belgian Administraior, for Developrner 
Cooperaticn Belgiun 

BMZ BundesmninsterIum fur Ziisarnmenarbeit 

(Germany) 

CABI Comrnonvveallh Agricultural Bureau 

International luKI 

¢IAT Centro "lernacic,nal de Agricultura 

tropical 

CIDA Canadian International Development 

Agency 

CILSS Comt6 purinanent inter-Etat de lutle 


lntre IMalil-a s6cheresse dons le Sa-l 
CIMMYT Centro Inlernacional de Mejoramienlo 
die Mati y Irigo 
CP Clegio de Postgraducdos Mexico) 
CRBP Centre R6gionale Binaniers et Plantains 
CRI Crop, Research institute (Ghana) 
CSIRO Commonwealth Scientific -nd Industrial 
Research Organization 
DANIDA Danish Inlernat anal Development 
Agency 
DFPV Deprermierl de formation en protection 
des v6go.tai." lBenin) 
DGIS Dre,.torate Gene' for Develioment 
Cr.,act on (Netherlands) 
EAP Escutea Agricola Panarnericana 
IHo.rdura)vIKUL 
EECFuropear. Ecenornic Community 
EMBRAPA Empressa Brasilera de Posquisa 
A.jrpucuaroa 
ESARRN East ard S othern Africa Poct Crops 
Research ~let~v rI 
ETHF rken:svivch Tehnitrsce H-chsOnule 
(Swttzerlard) 
FAO F,, ad Agro, lure Organizaion of thear, 

United I,eri ss 

FHIA Fundacion Hondurena de Invesligacion 
Agricola (Hornduras) 
WGDPGhana Grains Development a'ogram 

GTZ Oesellschaft fur Technrsche 
Zusarmrnenarkejit lGernany) 
IAR Institute fIr Agricultural Research, Samaru 
INigeria) 
IARCS Internatnail arcuural research centers 
IAR&T Institute of Agrir'ultral Research and 
Training Il-geotal 
ICIPE Intemat-nal Centre ,f Insert Phsilogy 
and Fcoiegy 
ICRAF International Center for Research in 
Agrofurestry 
ICRISAT Intetriaonal Cr ops Research Institute 
for the Sen-Arid Tipis 
IDEFOR Instilut des I (rets [Cote d'lvoire) 
IDRC International Deloprnenrt Research 
Center 
IER Institut d'oenoe rurale (Malil) 
IFAD Internalional Fund for Agri :ulluial 
Developrn;,i 
IIC Internaironal Institute of Biological Control 
fu ) 
li[ International Institute of Entomology (,,) 
IIMI lnternational Irrigalten Management 
Institute 
ILCA International [iveslock Center for Alica 
INIA Instituto Nacoinal Investigacao 
Agronomica VI'zannbquel 
INIBAP Intermat nal -eev,rl for the Improve 
mert JfBananas 'd Plantain (France) 
INIFAP Institute Naceonal d- Investigaciones 
Foresta,es y Aropecuans IMeic) 
IRA lnlitit do a rcherche agrenoinque 
(Carnerooril 

IRAZ Institut do Re(oer.he Agr,rinmqie el 
Zoetechnut.e (BuRnlo'il 
IRRI lnternatinl Rco Reeatch Institule 
ISF lnt iute o ,-I Fthtiy IIVlhlirda nd sIe 

Kathi ole,: Urtvetsitei von l[lliuni 
RVAU Poy,! Veternary arid A,_ hill 
Unsll (Denna l 
NAERLS H aterial Agritultral Fdotnson and 
Research Laison Sriv,e lZaria) 
NAES Hyanrlpalrt Amjitiural Experiment 
Station (Gona, 
NARS Nationat a.]frcultural research sysles (in 
Africa; various) 

NCRE National Cereals Research and
 
Extension Project (Cameroon)
 
NCRI National Cereals Research Institute
 
(Nigeria) 
NiFTAL Nitrgen Fi'alion inTropical Agricul
tura, .egurres 
NIFOR Nigerian Insitute for Oil Palm Research 
and Training 
NIHORT Nalionl Iristlute for Horticu!lural 
Research and Tr(JigrcP il-ligela) 
NRCRI National Rot Cros Research Institute 
(Nigeria) 
NRI Natural Resorces Insittf (I 
NSS National Soed Sevice (iJIqera) 
OAU Orgarrzaion for Afrcan fUnity 
ODA Oversas [D-velopnrtl AUency i(Ui) 
ONADEF Office atonal di cfioveloppeomenl 
des fortd 
PASCON Pan African Stnqa Control Network 
RRPMC Regionil Research Prcler:t en Maize 
and Cassava 
SACCAR Southerni AfIca Center for Coopera
tion in Agricultural Research 
SADC Sou:hern Africa Deovel oprenl Community 
SAFGRAD Semi-Arid Tod Grains Research and 
Deve! prnenl Pio,o ,e 
SOC Swiss De.iloF ent Corporaion 

TARC Trop~ial Agi ctullul Research Center 
Japanl 
TSBF Iropcal SoIl Bioloc , and Iertilily Program 
UC University of Crlikiarnia 
Ul University of ;'i dan 
UNB Unsetrs nat du Bf-niinrtaonale 
UNBRP Uganda rlats ndl Banana Research 
Pig.irorr 
UNDP Urited a'ertns Devolopinient 
Pic gratltne 
UNEP Unt:d I atleorns Fnvirnnrronl Piogramme 
USAID United s Agricy for Interrnatorol 
Dfes,Iprnerf 
USDA/ARS UrlJd States Department of 
AqrieuLtuno/'Acri ltural Research Service 
UTCUnit,;lrIi dinrI C ,rmcany Ir-iyerial 
VRS Vanc 4vie Rieu-ec(rch Station 
VSO Vdunlteer Serwt ( itcrrrnzaotCi 

WARDA We.st Afr otPic Developrnent 
Ass.crater, 
WI Winroc lntI noairal 
WMO World Oe-eiIC rganization 
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IITA 

Statement of Financial 
Position 

3 1December 1992 
Expressed inUS $ thousands 

lITA 

Statement of Activity 
31 December 1992 
Expressed in US $ thousands 

ASSETS 

Cash and cash equivalents 


Accounts receivable
 

Donors 

Others 


Inventories 


Other ,ssels 


Total curr-nt assets 

Property, plant and equipment 

Total assets 

UABILITIES AND FUND BALANCES 

CURRENT [lABIlITIES 

Accounts payabe and other liabilities 

Accrued salaries and benefits 
Payments in advance-donors 

FUND BALANCES 
Capital invested in fi~ed assets 

Capital fund 

Operating fund 

Total fund balances 

Total liabities and fund balances 

REVENUE 

Gorants 

Investment income 

EXPENSES 
Research programs 

Conferences and training 
Information services 

General administration 

General operations 

Depreciation 

Total epenses 

Excess of revenueover epenses 

1992 1991 

12,469 10,196 

6,893 6,968 
1,542 918 
1,041 1,107 

278 201 

22,223 19,390 
31 612 32,241 

53835 51,631 

5,788 6,533 

3,475 2,947 
5,485 3,578 

14,748 13,058 

31,612 32,241 

2,883 2,109 

4,592 4,223 
39,087 38,573 

53,835 51 631 

1992 1991 

35,725 34,274 

271 306 
35,996 34,580 

22,979 21,072 

2,026 2,103 
756 760 

3,924 3,279
 

3,220 3,391
 
2722 3.466 

35,627 34,071 

369 509 

56 



CASH FLOWS FROM OPERATING ACTIVITIES 
Ecess of revenues cver expenses 

ADJUSIMENTS TO RECOLCI[E MET CASH 

Provided by cperat ny crctiies 
Depreciationl 

Reclassfficatin ,, capital fund accounl 

Gain -n disp )sal f assets 

Decrease (increase) in assets. 
Ace _cunts ice ,,cable-donors 

Aceo,,nts rec,.able--thers 

Invent or es 

Other assels 

In,:rease ldecrease) ,n liabilities: 

Payments in advance--donors 

Accorits paable and other liabilities 

Accrued empl,.yee benefits 

fctal adjustments 

Net cash provide Aby eperating activities 

Cash flew used in investment activities 

Acquisition ol lixed assets 

Net increase in cash and cash equivalents 
Cash and cash equivalens End of year 

Beginning of year 

Increase in year 

DONORS 

Austra 
Belgium 
BMZ, Germany 
Canada 
Chna 
-cmmission of the European Communities 

Denmark 
Food and Agriculture Organization 
Ford Foundation 
France 
India 
Internateonal Development Research Center 
International Fund Ior Agricultural Development 
Italy 
Japan 
Korea, Goe rnrrenl of 

Igera 
Norway 
Rockefeller Foundation 
Sweden 
Sv,,tzer~and 
N'etherlands 
United Kingdom 
Urited Nations Development Program 
United Srates Agency for Intornatioral Development 
University of Hohenheirn 
World Bank 
Other contributions (ICRAF) 
Closed and miscellaneous projects 

Total 

1992 

369 

2,722 

400 

145 

75 

(624) 

66 

(771 

1,907 

(745) 

528 

4,397 

4,766 

(2,493) 

2,273 

12,469 

10,196 

2,273 

Core 
Funding 

90 

662 
1,095 
1,635 

10 
259 
348 

-
100 

291 
25 

-

612 
3,057 

50 
25 

761 
304 
350 
907 
824 
700 

12 
5,800 

3,700 
-

21,617 

1991 

509 

3,466 

282 

894 

(555) 
1,437 

8 

(396) 

(1,106) 

(124) 

3,906 

4,41 5 

(2,863) 

1,552 

10,196 

8,644 

1,552 

Special
ProjectFunding 

I, 161 

533 
870 
161 

-
1 362 

99 
87 

159 
-
-

778 
613 
474 

-
-

13 
0 

208 

109 
1.353 

4 
20
 

5,793
 
209 

1 
48 
53 

14,108 

iTA 
Statement of Cash 
Flo ,s 
31 December 1992 

Expressed in US $ thousands 

UTADonors 1 992 
Epressed in US $ thousands 
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Board of Trustees 
Randolph Barker, Chairperson 
Department of Agricultural Economics, Cornell University, Ithaca, New 
York 14853, USA 

Adamu Aliyu 
Director of Agrcultural Sciences Dept., Mirisr) of Agriculture, W ater 
Resosurces and RuralDevelopment, Abuia, Nigeria 


Theodore A. Anumudu 
Director General, Federal Ministry of Agriculture, Water Resources and 
Rural Development, Abua Nigera 

Lukas Brader 

Director General IA, Ibadun Nigeria 


Robert K.Cunningham 

Agricultural Research Consulan, 19 Coleridge Court, Milton Road, 

Harpenden Herts A15 5[D, England 


Vittorio Delucchi 

LinLangstuck 8,CH 8044 Gockfiausen Switzerland 


Jacques Diouf 
Anbassadr, Senegal Mission to UN, c/, World Bank, AFRVP, Room J 
5029 1818 H Street, NW,Washington, D.C. 20433, USA 

Pierre Dubreuil 

Director, E,tenal Relations, CIRAD 42 Rue Scheffer, 75116 Paris, 

France 


Constance McCorkle 
Senior Research Sctenlistand Consultant, 7767 Trevino Lane, Falls 

Church, Virginia 22043-3501, USA 


Joseph Mukiibi 

Secreta,, f,.r
Researci, Ministry of Agrculture, Animal Industry and 

Fisheries, P B.- 102 Entebbe, Llganda 


Keiko Nakamura 
Project Office B, history Research Hall, 18 Mori Building I1 1th floor) 3-
13. Tzra~riron Minaroku, Tokyo-h Dh,;e 105, Japarn1T 

Arnor Njos 
Direct, General, Center for Soil and Environmental Research, PO Box9, 142 A, rlowayJ. 

9, N114 32 As, rwy 

Elizabeth Okelo 

Kabsie House, Stare House Avenue, PO Box 48064, Nairobi, Kenya 


Wale Omole 
Vice Chancellor, Obafemi Awolowo University, Ile-Ife, Nigeria 

Gerardo Perlasca 
Agro-Industrial Consultant viaPrudenziana 40, 22100 Como, Italy 

John W. B. Stewart 
Dean of Agriculture. tJniversit of Saskatchewan, Saskatoon, Canada 
S71,OWO 

, 

Marc Van Montagu 
voor Genethca Rill 

ledeganci straat 35, B-9000 Genl, Belgium 
Ditecltr laboratorum sunivemsiteit Gent, K. I 

Special Advisers 
Luigi Monti 
Cytogeneticist. Unrersity of Naples, Italy 

General Olusegun Obasanjo (Rtd.)
 
Former Head of State, Federal Republic of Nigeria
 

Professional Staff 
Management division 
Executive management 
L.Brader, PhD, director genecil 

S. A Adelunji, PhD, special assistant to director general 
J. Cramer, BA, eecu,.ue assistant t.Ddirector general 
J P. Eckebil, PhD depuly director general, international cooperationS. K. Hahn PhD, director emenus, cassaa 

C F.McDonald MSc, assistant iodirect rgeneral (for research) 
W. Powell, BSc deputy direc,r general, managemen
 
Administrative and auxiliary services
 

R. Enafhoro rianacter, lea guest rouse
 
B Fadirepo, MEd, travel seruvces inariger
 
C InnissPclmer, NA.specialist erglish teacher
 
A. Jac:kson deputy heoad rilernaional school of IITA 
N. Jacksun, head, inlerriational s -r ool of IITA 
G.McIntosh CMA, head, ,nrernl audit 
A. R Middleton, manager, mnerna-ional house
 
R I 01oode, secur5iy Manager*
 

D. J Sevvell, manager, aircraft opealions
 
R W illiams,
airciaft pilot 

Budget and finance 
D A Governey, FCA, director 
B. A. Adeola, FCIS, accounlant 
C. A. Babalola, ACA, manager, financial information systems
 
P 0. Balogun FCCA, finrince manager
 
J. E Bolarinwa MBA, Daroll accountant 
P. Etuk, MBA budget and planning coordinatcr 
R.Obikudu, MBA, materials manager 
0. Sholola, ACA, budgerplannring coordinator
 
S J. Udoh AANIM chief accounlant
 

K. 0 Olalifede, ACA special prioiect accountant 

Computer services 
L.J.McDonald, [LB, corputer manager 

A. A. Al inbola BSc, senior technical analyst 
N. N. EguZo, e, BSc, computer programmer 
J. Foord, consuling coiriputet engineer

D. Oluerni, MSc, computer programmer 

Human0. BadalresourcesMBA, head, human, resources 
J.B. Adenuga, employee servces manager 

F.0. A Alose, MD, niedicil officer 
T. A. Akintewe, MD head, medical services 
J. B. Elegbe MSc, personnel manager 
H. Izevbigie, MI[R, planning/trainirg manager 
F.O'Dvver, BSc, nutse/practilioner 

Information services 
S. M. A Lawati PhD, direclo 
Y Adedigba, MA,head library and documentation 
A. 0. Adeunlc, MSc editor 
R. 0. Adeniian, MILS piincipal librarian 
J I.Adeycmnoye, MS,principal libranan 
K. Atkinson, MS: head, publications 
T.Babaleye, MCA,public inforiatmon manager 
D Haastrup, MCA puh: relations manager 
D. R.Mohar Palr Phi) is,'ce wivler/editor 

E Nwulu, MS: audi ,isualspecialist 
B.0 0urongbe, BSc, production manage 
0. 0. 0sanivi, MIS,principal librarian 
T T.Owoee,MIS, edir 
R.Urnelo, BA, editor 
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Physical plant services 
A. Bharragar. BSc, head, physical plant services 

E 0 Aknto un, research vehicle services officer 

A C. Butler, building and site services officer 

P.G Gualinet, construction site engineering services olficer 
,I Ojuma, BSc tel,- crnjnjrlcat,,n services officer 

M. A Oyedeti electrical services officer 
S W Quader, eleclron,: serwces officer 
D A Rosenz,. eig, hei,,, equiprrent and research vehicle services officer 
Crop improvement division 

F M. Quin, PhD drectcr 

M Winslow. PhD, interim director 


Grain legume improvement program 
K. E. Dashtell, PhD, breeder, program leader 

R,C. Abaidoo, MSc, N1FTAL associate e'perl 

P. 0 Craufurd, PhD, ph'si,-ogist' 
G. 0 Myers, PhD, breeder' 
S. M Oshr MSc: natraal cccidinalor (soybean utilization) 
B. B. Singh PhD breeder and officer-in-carge, Kano station 
Postdoctoral fellows 
S.F Blade, PhD agronomist 

Root and tuber improvement program
 
R Asiedu, PhD, plant breeder progiarn leader 

M Bokanga PhD, biccfhemist 

A. G. 0 Dion PhD breeder 

I J Elanaa/ e, PhD physielogis 

S Y C. Ng,MSc, rssue culrure specialist 

M C D, Pcrto PhD CIAT,'IITA cassava specialist 

Visiting scientst 
K V Bat, PhD, ctgenetcist* 

Plantain and banana improvement program 

D R Vuylstde, Ir,tissue culture
specialist, program leader, 


officer-in-charge Onne station 

P D Austin BSc, research farms officer 

D T.Dede, BSc, farm superintendent 

R Orriz PhD, plantain & banana breeder 

Postdoctoral felloss 
S. Ferris, PhD, postharvest technologist 

Maize research program 

M Winslow, PhD, breeder, program leader* 

S K. Kim, PhD breeder 

1. Kling, PhD, breeder 

isiting scientists 
M. Esseh-Yovo, PhD,maize breeder 

S T. Yoon, PhD, maize breeder 


Resource and crop mcnagement division 
D. S. C. Spencer PhD, dirEctor 

Moist savanna progrcm 
1.0. Akobundu, PhD,weed scientist, program leader 
K. Dvorak, PhD, agricultural economist* 
B. T.Kang, PhD, soil fertility scientist 
K. Mulongoy, PhD, soil microbiologist* 
N. Sanginga, PhD, soil microbiologist 
J. Smith, PhD, agricultural economist 
B P. Vanlauwe, BSc, associate expert (soilfertilily) 
K. Vielhauer, PhD, agronomist 
G. Weber, PhD, agronomist 
Postdoctoral fellows 
A M. Manyong, PhD, agricultural economist 
Y. Moramoud, PhD, agronomist* 
M. 0. Musoko, PhD, soil microbiologist 
G.Tin, PhD, agronomist 
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Humid forest program 
M. J. Swift PhD, ecologist, program leader 
P. G Gillman PhD, so chersist, program leader, olficer-incharge, 

Camrieroon statln
 
M Gichuru, PhD, agronomist (soil fertilty)
 
S. Hauer, PhD so1 ph, sicist 
J.Heniot PhD,s,,ilbi.4c.gist
 
H Mutscers, PhD, ,,gronorirsl
 
S. We se, PhD vweed scientist 

Postdoctora/ lois is 

0 Ndoe PhD agricultural economist/Rocefeller fellow
 
D Russell PhD arstlirojpolcvrsl/Rc eleller fellow*
 

Inland valley system
 
A-M Izac, PhD resource economist, prograrn leader*
 
C. Nolte, PhD aqronorrist
 
E Tucker, PhD, weed scienisl
 

Agroecological studies uoit 
S. S.Jagrap PhD, head, ugroecol, gical studies unit 
0. Osagie, MBA /rnvtdge s steins specialist 
Postdoctoral fellos 
P. S Thenlabail PhD rein,zte sensing specialist 

Postharvest Unit 
Y. W Jeor PhD, postharest rechiologist
 
L S Halos, MSc research specialist
 
Collobora, e studv of cassuj a in Africa
 
F. I reke PhD agriculural economist and team leader 
S. A. Folayan, MSc, crrputer systems manager 
Visiting sc/eritisr 
B. 0 Ugwu,PhD, agicultural ecororisl 
Afley farmirrg netooirk for tropical Africa 
A. N. Atla-Krah PhD coordinaor, AFNETA 
N. Sanginga, Ph), assistant coordinlor* 
International Center for Reseorch in Aoroforestry 
D. 0. Ladipo, PhD, ICRAf: scientist 
West Africa rice deselopren association 
B. N Singh, PhD, VARDA scientist 

Plant health management division 
H. R.Herten, PhD entarri'clgist director 

Biological control program 
P. Neuenschvander, PhD, et iologist, program leader 
C. J. taner, PhD, entrenol gist IIIBC) 
B. M6gevand, MSc etorn.;.logst 
J.S. Yanine!, PhD er rorn. logst 
Postdoctoral felo..s 
P. Bider, PhD, plant protectionist 
C. Borgemeister, PhD entomologist
 
A Paraiso, PhD, entjorropathologist
 
Visiting scientists 
W, W. D Madder, PhD entomologist 
R.H. Maarn PhD, ertornogist 
N. H D She, PhD entomlogist* 

Host plant resistance program 
N. A Basque P/lre,-. PhD. entorrolCgist, program leader 
C. N. Akem,PhD, patticngist 
A. E.Awad, PhD ,tnigboogist' 
D. Berner, PhD, ";trgahi :Igst 
D. A. Florini, PhD, path uiorlist 
F.Gauhl, PhD, patholngis 
L.E.N. Jackai, PhD, entomologisl 
T.Mesfin, PhD, entomologist* 
C. PasbergGauhl, PhD, pathologist 
H. W. Rossel, It, virolog;st 
Postdoctoral fellow 

[. Dempster, PhD, virologist 
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Habitat management program 
NV Tarno, PhD, ecologist, arogram leader 
K F. Card .ll PhD. palhologst 
C Gold, PhD, ertornolagist 
B D James PhD. ccordinalor ITA/CIAT cassava project 
F Schuhhess PhD eclq.,st
Pastaloctofotfe.llo %5 

H Br Inbefrg PhD, entorno'.)ist 

P P lpe r MSc nerrial-.gist 

Technology transfer and training unit 
A I Zf%,ei Dipl nr regional coordinator (GTZ) 
V. I1i Hrnrirond PhD, entomologist 

' Hayjg /Sc mass reaung specialist 
A iV dageneih PhD, training officer, FAO 
4ssci"reeperts 

B( a ,,,d ASc. ecologist 
H A Dre,r MASc, entomologist 
B Krste.sen MSc, acarologist 

Research support 
D C C.uper A/Sc head, research farms unit* 
I A Barn aele. farm superintendent 

V Hartey BSc. research farms engieer 
r1 14(l PhD head, genetc resources unit 
P S igundare HND, farm management officer 

D O3ia,,ode MSc, farm managerrent officer 
S Padulosi Dol, plant explorer 
J [ Peysier, PhD head, anal'ytical services laboratory 

S R Schnapp PhD, biotechnologist* 
G Thottappitty. PhD, head, biotechnology research unit 
P Vall r. MA, biornetrician 
Visrng scientist 
P Petrilli, Dart, biolechnologist 
P E gborogfo, PhD, biotechnologst 
Postdoctoral fello %GhnD H Migncuna. PnD, biotechnologist 

IITA Benin station 
J N\Qa,,.e tvA eader management unit and officer-in-charge 
J B Alenr-,urn MS(- .n , h ueen 
hA VN Berra, PhD c -Iomdtnat.:r, Hohenheirn students 

Hr, Versteeg PhD 'eader, technology transfer unit 

IITA Cameroon station (Mbalmayo) 
S I C!aius,,rn t/&- form m~anag~ef 

International cooperation and training division 
J P Edleb PhD, depur, director general 

International cooperation 
E F Deganus BSc pr sect deelprnent coordinator 
0 M Ogunb /in coord atorno monitoring and evaluation 

P Urn,: hD p rot de -.Kprnrnt coordinatar 

Training 
H rqsr i PhD rJr, ( t:r 
.e A Ade'l u r',it ,: re-se~archii n no spec ahmst

A r, uayningMsoa. rar, specialist 

J [ ,u rey PhD Ir up training co,,,rdnaor 
F P - , . re arlh lra nr . specialist 
C O, af r MBA 'Aidrnwrite ranaFler 
D. A Osri l /i res rh fnraring specialist 
A 0yer6de MA 
R Zafhrnmnn PhD rteis sFC al.5t 

Interpretation and translation 
B F Sail, head rrerpretor-.nrranslation 
E AOlierepreatontransation 
C H. Dia. Interpretef/tronslator 
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0. B. HounVOu, interpreter/translator
 
C lord, inrerpreter/translator
 
V. Pousse, translator 
H. Songre inlerpreteritranslator 

Cooperative programs 

USAID/IITA national cereals research and extension (NCRE) project, 
Cameroon 
E.A. Atayi PhD chf of parry and agricultural economist 
D.C Brler PhD, agrcultural ecricrnist 
N. Beninati. PhD maze breeder* 
R. J. Cay PhD systerrs agrosn.crnist 
J.Detorign,,n PhD 1raurlegurne specialist
 
H C. FZurrrah, PhD farring systems agronomist
 
M. Karnuanga PhD agricultural economist 
D. McHLyh Micr
 
M Moissie, PhD, renor agricultural econornist/TU coordinator
 
A. 0 Osinarne, PhD, farming systeris agronomist 
J.A. Polu. PhD, agronornist
 
G L SerVan tr PhD adminrstrative officer
 
T. C. Stilwell, PhD depur,,, chei of party
 
H Talleyrand PhD. cereal agronornist'
 
C F Yamoahr PhD soil scientist/agrolorester
 

Semi-arid food grains research and development (SAFGRAD) project, 
Burkina Faso 
N. Muleba hD. agrononisl, coordinator covpea network
 
B Badu Apralu, PnD maize coordinator
 

USAID/IDRC/IITA east and southern root crops research network 
(ESARRN), Malawi 
M N. Alvarez, PhD, breeder, network coordinator 
J. A Oloo PhD, ugrononrist'
 
CIDA/CIMMYT/IITA Ghana grain development project, Kumasi,
 
Ghana 
A. M Hossain, PhD, breeder llegurnes) 

0.0 Okoli, PhD breeder (root crops)'
 
EEC/IITA/SADC cowpea project
 
J D. Nail PhD legume pathologis/eam leader 
P malPDcwcaarooms 
R.Arnabe, PhD covpea agronisl
A. L. Deto, PihD, cuvpea breeder 

IRRI/NGER Africa 

K. Alluri. PhD, IRRIliaison scientist and coordinator, INGER Africa 

IITA liaison office, Cote d'lvoire 
J M Faemsin PhD research haison scientist 

IITA liaison office, Brazzaville, Congo 
J.AbalaWhte. PhD. research liaison scientist 
IITA liaison office, Kumasi, Ghana 

J. B Suh PhD. research liaison scientist 

left during the year {1April 1992-31 March 1993) 



Publications by IITA staff 
Contributions by IITA staff to scientific literature that became available during
1992, including research notes or disease reports, journal articles, papers in 
monographs or conference proceedings, and edited monographs. 

Adebitan, S.A., T.Ikotun, K.E. Dashiell, Asiedu, R.,S.Y.C.Ng, D.Vuylsteke, R. 
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