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This reporting year includes tile 
first half of the Institute's twenty
fifth year of existence, which began

D IinJuly. The Nigerian government
granted diplomiatic privileges andGEN EALI S The Presidenlt ofimmunities to in-TA. 

the Federal Republic of Nigeria, 

G ENERA L'S General I.B.Babangida, honored us 
with a visit during August. Itwas miy 
first full year as irector general.I 

--lconsider it a great privilege to lead 
such a dynamic institute. The wide 

R EOR 

R EOP K Irange of program acdvities and the 

results achieved during the year, 
which Iwould like to review for you 

On behalf of the Board of Trustees and the entire staff of briefly in these pages, are a rich 

IiTA, I am pleased to present the Institute's annual report source of satisfaction for all of us at 
.T1A.
for 1991. 

f earedeeply cocerned, however, that 

the reduction infinancial resources among 
all the centers does not diminish the vigor of 
our endeavors. So far we have been ahle to 

continue strengthening our research activi
ties Ly re(lucing overall man agement costs. 
Reducel resources hawte also stimulated new 
thinking aholut hmv hest to accomplish our 
objectives. We starte(d revising the mediun 

term plan, so careftilv colstrtcted for" time 
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1989-1993 period, and decided to make it 
an opportunity for a team effort. We began 
with four Institute-wide meetings to discuss 
concepts on which to base the plan. The new 
plan will cover the \ears 1994- 1998. and 
reflect atconsensus of all scientists and man-
agers. 

Inmv observation this year. team effort 
has coiie to characterize more and more the 
scientific culture inthe Institute, creating an 
environment ii which scientists work togeth-
er to produce their individual best. This team 
effort
also embraces scientific colleagues in 
the various natioiial progranis--the results 
of their work, inthe haids of the farmers, 
determine the usefulness of our nuttal 
enterprise. 

'ltstreigthen team effort and encourage 
multidisciplinary approaches inour major 
research coicerns. we modified our research 
managemnent structure from the beginning 
of tht+year. One compelling reason isthat 
nmultidisciplinary activity must be our means 
for applying an "eco-regional" focus iii our 
work, interms of the main agroecological 
zones. Also. stistainabilitv research requires 
holistic thinkiiig, inorder to accommodate 

tie deputy director general for internationol 
cooperation, we form the research directors' 
committee which plans and monitors the 
direction of the Institute's research and 
training activities. 

I take this opportunity to highlight our 
main achievements (iring the past year. You 
will find that marnv of these highlights are 
reflected inarticles which follow inthe bodv. 
of this report. 

Advances incrop improvement during 
1991 include confirmation that our plan
tain-banana hybrids, resistant to black siga
toka, are ready for testing internationally iii 
different sub-Saharan agroecological zones. 
with the International Network for the 
Improvement of Banana aln Plmntain (INI-

B\P). National programs inCaneroon, 
Ghana, aid Nigeria will collaborate with us 
initially Our uiderstanling of.11uSa genet-
ics. acquired during the past two years, hLs 
eniabled us to produce mew varieties which 
coiiibine high y+ields with resistance to black 
sigatoka aid other production constraints-
at
unique achievement. 

Our cassava scientisLs identified two anen-
ploids among progenies froim polyploid cas-

the complexity of interrelated problems in in sava clones, the first incassava ever to be 
effective framework for action. cytologically confirmed. The aneuploids are 

cassava plants with eight and ten chromo-

r e sea rch somes-respectively--more than the natt-
ral complement of 36 chromosomes, which 
will influence the genetic variability intheirdi;visio n 

I 0 Sprogenies. [he will be useful inauualvzing 

bL I Lesta lised 
We took ai major step inestablishing the 

PlaIt Ilealth Management I)ivision. Centered 
around the successful biological control pro-
gram, it assembles all the institute's plant 
protection scientists anl reiflbrces acon-
prehiensive approach to solving plant health 
problems. \\'e combined the four crop pro-
grains into the Crop Improvement Division. 
Within the Resource aind Crop Management 
Division, work continued along the lines of 
the three main agroecological zones inour 
imandate areas, inresearch groups for tihe 
htimid forest. moist savanna, and inam val-
leys.

'lb ensure close interaction between 
research and management, tie three division 
directors report directly t(ie. 'Ibgetlmer with 

the location of genes aid manipulating 
them. We expanded our gerniplLsn inter-
change with Centro Internacional de 
Agricultura Tropical (cmx), specially eipha-
sizing tie introduction into Africa of 
gerwplasm adapted to the semi-arid and 
mid-altitude tropics. The program will bene-
fit our collaborators inmany African coon 
tries. Rese:irch on the process of cyanogene-
sis incassava gained momentum during 
1991 as two collaborating institutions joined 
us: the Australian National University and 
the Royal Veterinary and Agricultural 
University of I)enmark. Together we are 
investigating environmental influences in 
differential cyanogenic potentials, and sim- 
pie means to determine those potentials in 
the field. With the Catholic IUniversity at 
letven, lelgiui, we developed a bread 
made of cassava, utilizing locally available 

-


ukas Brader, Diredor Generl of Iln. 

ingredients including soybean flour, and 
produced irecipe book in a format for pop
ular use. 

Ingrain legumes breeding, the most dra
iatic news of the year came froim one of our 
collaborators intile cowpea biotechnology 
network, the University of Naples. They have 
confirmed the first evidence of stable genetic 
transformation of the cowpea. using amark
er gene froni .1lroacteirium'luttfCiL'ns. 
II sovbeam improvement. our research into 
cultural practices and resistance breeding for
control of red blotch disease inWest Africa 

should also beiiefit farmers ii southern and 
central Africa. where the disease isendemic. 
Our soybean utilization research with 
Nigerian collaborators was strengthened, 
and preparations wade to expand the prfoject 
to Ghanla. 

Improved maize combining resistance to 
Mir a,maize streak virus, and drought con
tinied to show consistently good agronomic 
performance on site and on farin during
1991. Acomprehensive breeding system for 
maize inmid-altitude regions proved to be 
effective indevelopment of hybrids and 
open -pollinated varieties inNigerian and 
Cameroon mid-altituides. The latest open
pollinated variety showed yields, other agro
nomnic traits, aid disease resistance superior 
to those of anv counercially.available open
polliinated variety' The world's largest coin
mercial seed company took the unistal step 
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during 1991 of producing mo's high-yield-
ing and pest-resistant hybrid maize seed for 
their own market. They also began develop-
ing a hybrid cross between their own and iir, 
materials. I1another commercial develop-
ment which reflects oii the advanced state of 
irr, sresearch, asecond company used mlm. 

hybrid materials for mid-altitude regions to 
produce their own seed stock for tile 
Nigerian market. 

Plant health research and assistance n 

program developmenit extended to 35 coon-
tries across Africa during 1991. Our plant 
health scientists worked with national pro-
grain colleagues iin all aspects o plant pro-
tection against insects, mites, diseases, and 
weeds. Our approach isbased on stostainablelld ecolgicaly's,,llmethods, stich ',is 

biological control, host plant resistance, amid 
habitat imiainagemient. 

Inbiological control we collaborated in 
research, rearing, and release of natural 
enenmies, follow- lip surveys, institution 
building, and training iii 23 countries. kVe 
developed a four-year project on ecologically 
sustainable Cassava plant protection, jointly 
with cir and programs iii Brazil and four 
West and Central African countries. The first 
phase of a project on biological control of 
locusts and grasshoppers was successfully 
conchlded, while preparations began for a 
secOfil phase of expanded experiments and 
national program development. Our work oi 
the larger grain borer, apest of stored maize, 
expanded to include ecological research in 
Africa aiswell as the Americas, to aid our 
understanding of that pest/crop/environ-
Iient system. Ecological research also con-
tinued iii the maize system in respect of two 
other pests, the stem borer and the parasitic 
weedlirtia, to help us develop further plant 
health interventions. Work to develop sus-
tainable protection strategies for banana 
crops ini East Africa got underway with a 
diagnostic survey 

On the particularly pressing problem of 
the parasitic weedSi'a, over the pst two 
years ir.x has established the world's fore-
moist Shria research facility. Our amticdisci-

plinary group of 12 scientists isdeveloping 
inegrated packages for Shia control that 
cai be introduced at farm level. Otur 
research inchudes studies oi host-partsite 
interactions, epidemiology and population.e 

dynamics, host plant resistance, biological 
control, habitat management, and the 
socioecolloillics of implementing new COl 

trol practices. The group conducts training 
programs at imm and throughout Africa, and 
began last year to compile aYirWlqa method-
ology handbook based oi those programs, 

Resource and crop inaagement scientists 

I S u 1m 
IITAS u lti mate a fi is 
H .. to improve the 

nutritional status and 
well-being of low-
intome peo ple..." in 

sub-Saharan Africa 

continued to develop practical ways to opera-
tionalize and meastre sustainability.They 
have proposed the use of a tot.1I factor pro-
ductivity index which combines biological, 
physical, and economic factors to ucasure 
sustainability of acrop or a farming systei. 

Resource charauerization of inland val-
leys inl West and Central Africa vas complet-
ed during 1991. Broad agroecological and 
economic zones were tnapped at a scale of 
1:5,O0ttt)000 and included time parameters of 

Our collaborative study on cassava isproviding daa 

on the rob of women farmers , 

growing soason. major soils. populationt den 
sit'; and average capita income. Incrop 
Management research, ir. and the 
lntel national Center for Research ill 
Agroforestry (Oic\r)jointly conducted anl 
etliino-botanical survey oi Imultipurpose 
trees ili Nigeria. About 285 species were 
identified ;,s being usefiil insoil enrichment, 
as fond or medicine, or for ornamental or 
other purposes. They were planted inarbore
ta at Onne and Ibadan for furth,,r studv for 
use iii agoforestry systemls. Results ,f hmabi
tat management research of the noxious 
weed I,,,,,l:,'J/,'d;i.,losing time 
herbaceous cover crop .Mucuna pruriens, 
were adopted ili large-scale exiehsioin activi
ties iin the Republic of Benin. Over 2,000
farmers were reportedly testing the technolo

g. while about 500 demonstration plots were 
esiablished under the Global 20l0 proiect inl 
Bellimi. 

The training program conducted an 
internal review (diring1991 of its strategy 
and activities, vith the participation of cul
leagues from tile research and management 
divisions, InA trustees, and uliaborators 
from several national institutions. The review 
endorsed the direction of the program and 
called for the pace of decentralization of 
group training to accelerate, toward in 
country or national -level operations. During 
tile year the program included 358 trainees 
in its various graduate research, non-degree, 
and group training activitie., apart from 
those inl regional and in-country training 
courses away from our Ibadan campus. By 
the end of the year, the program could count 
more than 7,000 alulmni since training 
began in 1970. 

li cooperation with the Cameroonian 
government, we established our new Ilutmid 
Forest Station near touinle, tile capital. 
Analytical laboratories were completed, 
adjacent to Cameroon's National Cereals 
Research and Extension (NOel:) project 
headquaiters. The station's farm infrastrc
tiire was basically completed and began 
operating. The year also saw the beginning 
of the third phase of the NCREproject with 
support from irrA and the inited States 
Agency for International Development 
(usAu). NCRiEis a highly successfiul collabO
rative effort with 14 resident scientists work
ing with national scientists. li parallel with 

4 



the research agenda, testing and liaison) units 
work with natiolial extension agencies to 
transmit new technologies tofarmers 
through on-farm testing. andi to provide 
feedback on farn - level piroblems to 
researchers. 

\\'e decided during the year to )place t 
research liaison scientist in each of three 
countries selectedl for their research capacitv 
and impact potential: inCongo (for work in 
the humid forest zone), (6te (I'Ivoire (for the 
umoist savanlia zonle). and Ghana (for the 
torest-s:valna transition zone). The 
research iaison scientists have :abrief to link 
national ictivities having research :uid train-
ing neleds with iii\ programs and services, to 
develop efiective solutions withill a holistic 

perspective. 
larly itthe year we helped to launch the 

new Soil and Plant Analvsis l.aboratories 
Network for Africa n\i.\ 0.with miore than 
100i) 30)African cotui-member laboratories ill 
tries :and abaluse :at ih\. Our two collaboirative 
grotip:, ill root crops research concerned 
with breeding and farming systens issues, 
reslctivel\: joined forces during the \ear as 
the new Collaborative (roup for Root and 
iber Improvement Systems (,uil>). with 

menber institutes from nine African coIn 

tries. c¢mo> began research with members of 
the Collaboritive Group onlMaize-based 
Systems Restarch ((cu)ui) oilincorporating 

legumes iito mprovet cropping systems, to 
maintain soil fertility and weed control. ''hey 

prepared atdatalase on legunes appropria'e 
for different farming systems. 

The Alley Farnming Network for Tropical 
Africa (,FN: ,)completed its third year with 
activities in about 20 countries. Research 
indicated that alley cropping is,gold tech
nology forsustaining maize-based produc
tion ilthe savanna zoie. But suitable 
hedgerow species and cultural practices have 
vet to be developed forroot-crop-tlaseld sys
tenis and the htmid forest zonie. The 
Collaborative Study of Cassava inAfrica 
( oc.A) ex)anded from 6to 14 countries 
during 1991. and its databaise isbeing used 
for analysis of many factors incuding the 
role of women fariers and impact of 
improved cassava varieties. For example. 
:OS(CAdata show that i1-\cassava varieties are 
widely adopted iinNigeria. where they are 
performing better than trial varieties; amid 

tlaat
average c:LS;ava yield in Africa isnow 
above 12 tons per hectare. 

Inconnection with the programntng of 
eco-regional research responsibilities among 
the international agricultural research cen-
ters, we began diaiugues with ':R...the 
International Crops Research Institute fur the 
Seni-Arid Tropics (iusr), andithe 
International l.ivestock Center fir Africa 
(iLCA)on cooperative research in overlapping 
eco-zones of mutual interest. 

As the year drew to :close, prepLrations 
for the twenty-fifth anniversary celebrations 
during 1992 gained illtemnpo, with publica-
tions being compiled, posters designed for :a 
retrospective of research results, and 
arrangemuents started for asylmposium On 

sustainable lod production iinsuli-Saharan 
Africa. Given the current economic situation, 
plhiis are being kept relatively sober. Our 
chief aim isto inform the public, through the 
mneditmi of :aycar-long calendar of events 
with fll] statff participation. about inr work 
and the ways we have translated our scientif-
icvision into :1farnll-level reality 

With the range of research activities we 
have at i-n, we continuously need to redefine 
otr collective ,,lissio,,. Inthat way we canl 
sutstain :relevant perspective on our inmpiact 

in relati:mi with the tproblems we are 
addressing. lspecially consilering the recent 
changes illour research environment, ort-

Many of our program activities are contributing to 

improved productivity for cassava farmers. 

entod toward intcnsilying coopcrtion witht 
national progralns and development of sus
taiiable prodtuction systems, our board of 
trustees rearticulated our mission statement 
as follows: 

;at ahns to inprov'e /1%nutrilional 
status and uell-behq oflo,-income 
people inthe humid andsubbumid 
zones ofsub-Sabaran AfVica b),carry
itg out research and related actitities
 

.for increahg ariculturalproduction 
inasusatainble mann'er incoopera
lion u,ith national adinternational 
,'.lens and instiulitons. 

Our goal of improving the lives of the 
poorest puls our scientific objectives into ,I 
perspective wherein the usefulness of our 
resnlts can be measured. Our perspective 
must coincide with the national programs' 
views, to make for truly effective collabora
tioni. The degree to which we work together 
with atshared vision determines how stic
cessful we will be illreaching the goal. 

Ltukas Brader 



H hree snhlstaiitive dlivisions. for crop) iimplrove
neit, llantheal 11Ltgenlent. ;r1d 

resoirce a1(I crol) iiiai;igeiiieit. A(livisim 
for iiiternwtioiial co()periti()n col(lticts tie 
traiiing prograln aod mnaoti.ges collal)orative 
projects with n'atioial research Progranils. A 
(ivisiojn for mlaagemenlt inclodes sopport 

PER 
services for finnoce, information, oitl gener-P ERS P EC T IV ES 

IITA A N D

AAD11T 

liTA was founded in 1967 as an inter-
national agricultural research insti-
tute with a mandate for specific food 
crops, and with ecological and 
regional responsibilities to develop 
sustainable production systems in 
Africa. Itbecame the first African 
link in the worldwide network of 
agricultural research centers known 
as the Consultative Group on 
International Agricultural Research 
(CGIAR), formed in 1971. 

Tlie Ford :and ockefeller fotndattions 
prov'ided initial plaiiiiiiig anl financial sip-
port for uuir.[le Nigeriai governimiet pro-
vided 1.000 liectares of loud for aiheadqtar-
ters site al research fatrm at Ihadan. 

H E CG A R

Tr E C G A R 

o)eratioos 
coies from the (:(;GiAand hilaterallv from 40 
national anld priv-ate (dooragencies. 

in, isgovernted 1)% 

hIFding for irr.. research andro 

aiiioternatiomml l)oar(l 

of trustees and isstaffed lv approxin*ately 
180 scientists :1(1 other l)rofessioiials froi 
ahout 4(0 coitries, aiid 15,00 stlpport staff. 
Most of the staffare located at the Ilhdan 
caiulos, while others are at stations andot 
work sites iii other parts of Nigeria :and inthe 
connttries oif lleiiin, ltrkiima Ikiso. Camerool, 
Ghana, M"lati. and Moz:tlhiqtue. 

IrA coiticts research, traiiig, aiid 
geriplasiii anld iiiformatioii excliaige aciy-
ities inpartiierslip with regionlal aiid 
ational prograimis in many parts of sth-

Saharam Africa. Research isorgaoized lo 

altdImiiistritioo. 
lie researchlprgrni foctses oi six 

iii, '11 jiallloker ci ol~piigit'or tool cro~s aiit 

systenis ii the liniiid al stolhtliidl ropics 
of Africa. These crol)s are: 
e ctssava':t ai(l .vami-root crops which are 
staple foods for more thao 200 million 
Africans 
9 plantiin-a staple food for an estimated 
70 million Africans 
* Imtize--a iiiaor crop wlose fool aiil 
iii(tlstrial oses iii Africa are rapidly growiiig 
iii importance 
o cowpea aod soleani-graiit leguimes 
which are important sources oif proteini for 
rural aii(1 urhan Africants. 

The reseafcli tgemila tddresses crop 
inlproveiiieit, plant health, and resotrce 
aiid crop imianageoieit issoes witliiii afarni
ing syvstems frniework. Goals of imcre:Lsed 

research farm and residential community at the 
Ibaclan Headquarters. 
tTA 
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Locationof (iml 
18 ' %11%4\\ ItV,\ I. LV It)iL' t \I'II'l3itlt 

crop prodlctivity ild sisti:able re s.Corce 
latalitllltie t r locu.wtsd withiln tie pricti-

cal scope i i' cl S..telllsitill-. ilili i-

IhW
lollhowiig agroecolhgical zolles: 

* huilid f)rest I ellgh gr ih period 

i - 12 illOiilhs, 


* Itoist sivalllia (lelgt' A1golowilig periodi 

0 1) oillhnths) 


* ihind va;ikvs (i fistiitct type o igroe-


ceS.*till ttaloigside atl"tge sstellis 

thottlh(tt colifilenttl .\h'fica I. 

I:olh\ing its 1 t989-2000 ,tistratcgic plail, 

Irr\
fis cncelicentiratedl its research to dite itt 
West ild(:CtiralAfrica. Curreit pluis are 

extetlditi tihe agrc(colfhgic:tl :ipproitCilila 
regilIn-ide sctle, to cover tle eliltire ftitttii(i 
aot(isuliutid zones ofAfricai. iit\ Is ilso 
bgulln odecentrailize its rese:1rch frolt 
Ilbad:ul itmreeprsetliatie locatiojis itt the vat-

isit.zolles, witere r'eairch oitfartliitg Colt-
ditiois a 1n tile crops is iarg'etel. 

Ii agroecological ter'lls. tlte Ibamlain site 
with )('00 l ecttres of experintietlal fields prl-
\ites coldlitins t\ picll of tile forest friltge 
a1i1d tln.L Itas foursa trallsiti it zOlie. ils 

otlir roarch stationis indiffereit zoles. 


Itlltile coIastal zlle a((ttttd IPoil
IIc r .ot 


Nigeria, irr\nestablis."h its llifglRiiliall 
Stltiolti ItOnti itl1970. Scientists at tle 
1(11- ftectaite site colill t reseaich oilplait-

mitaii Ifllattm cr fs. oil Iigiilteilt. 
vatiitiill froppigsysteltis. atlIgroforotry 

:iplic:ttions. 

Il 19 9 irr. blild :ai e-]ictlare Sta-est li 

tioiithie diry attio iniln sava ia zouic, at 

tirtlierit Nigerii, IMittlv with tle htistitite 

for Agricultiural Rusarcl. Ahinaidu Bello 
1ttivursitv'. peca cropping systemts are tile 

( ) notyet established 

main focus of collborative research with IAi1 a conlseiisus e(rive(l frontiaselse of comilmon 
aind the Iternitiolnail Crops Research 
lniistittite for the Seni -:\rid Tropics (iriMS.f'i).


i I99) ii..\ stablisfted its Illid foresl 


Statliol oil,00 hlectires ItMbaiiavo. iear 
YtIoull. tilecapitl of Catlerooll, ilcolib-

oratiotn with the Natiottaf Cereals Researci 

almtl utd Cattterooitiait
Extellsioni Project. IIr. 

scienitits there iredeelttpilig teclilologies 

for sustaiiliable simil]-scale farililig it tile 
lowlnd htlintiIorest ZOll of tropical Africa. 
inralso estIblishlte acenter for Aflia 

wide biological cotitrol reseaiclf and opera-
lionis ait Cotollou, capital of the Republic (f 

lBelil, it 1988. 
Global links. Tie ; w isaiitnformal 

mociatioii of about 10 goveritmies. titer-
tiatiolll orgliziatiolls. ',illf[priva'ite fotitda-
liis. )uring 1991 tteilv providlef ;ltult 

1SS2.i2 ttilflioll itt core ftlttditg. The (;itAti 

siipptrts 18 ititeriatiotial researct cutters, 
wlhose collective goal is!oitttprove tlhe quati-

q tlity of foo t(trodhtcti(lt it 

opigcotries. 

'le (I,.t\l states its ittissillt to be: 

'Tlhrougl imiteritioll resurch idrelate(d 
ictivities, aidil 

titv atiid t devel-

itt partterstip witht iitiotial 
research svstetis, tiocotrifte to ststaihble 
itfprovetllteOts ill ptrodutctivity itf agtilte ul-

turie, fliestr\; :il(fisheries itt developilig 

purpose. 

lachi cnI.-enffiliatl ctter isindxepetdent
and atnoiOUS,with its OWn structure, 

nalidaite, an)id objectives',iaind is overseein by 
its owit hoar( of trustees. Soite centers focis 
OtlOue or two food crops for which the Miave 
global nitdates, wite olhers av',,regioital 
or cological ntaiidites foron or more 
crops.Still olliers pefrforti sjeckilizecf fitc
tionts ill sich fields 'Ls pflntfood polio); 

gettetic resources, agroforesi irrigationr , 

iitalagenlieilt, ild iliiOlltt
igriculturail 

research inattagetet hi developing coin-

Iries. 
Tle (:(;[t[? isserviced 1w atlexecttive sec

retarial, wich is provi(fe(f by ithe World lank 
antd located in \Wzst]lington. Tfte (;Gt.\c's 
lclintical Advisor) Comittittee (',:)Ofscien

tists is drawt equally frotit (l loptcldat 

developing colitries. T;C tttaikes recOltetn

(ltiotts oilresearchi progratns atM )'i(rities, 
and inotitors performnaitce thlrough anitial 
progiam idtiblget reviews aiil periolic 

externtal reviews. m: issuippiorted by a secre
tariat provide(l l)vtte tltree cospoi sors of 
;i!:iAta1id locatel at the teadquarters of i.,.o 

itt Rote. 

Tlte C:I.At ets tlict 11aV'r, Olte i 
Wits]ihtgtoit hiOctober or Novemtiber, and 

els wlere itt l :T'hlecotiltities itt wa's that ethattce nittritioit aidil OlIce imeetitgs review 
\wlell -eiig, especiatlly tiitllg low-intcolle 

people." 

spoisored by tile rld ltrmik, thelimFadi 

ttld Agrictltutre Orgalliztioi of the fitite(l 

Natiois (i\o), an(I the I iitedl Natioits 

l(eeI)it ellt Prograttntel1 (I Nti), tile lC:\At 

opetrales witihout a formal ctrter. rel'intg nit 

program activities iiitertaktn by the ceiters, 
(liscuss agricultural research iiteeds, antd 
alpt strategies toiadlress iti se iteeds, as 
well :Lsreview proposals oilfmtltding ald 

itanaget te t issues. 
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C R O 	 P ~eel)opmentCROP 

IM PI ROV IE M EN. 
The Crop ImprovementD io aims to conserve gvirus.

Improvement genetic 
resources and increase: quantity and stability of produc-
tion of IrrA's mai,:;ated food crops. The Division works 
with national programs in sub-Saharan African countries 
to develop germplasm that is well-adapted to agroecolog-
ical conditions, resists pests and environmeital stresses,
and suits farmers' and consumers' needs. 

RESEARCH DIRECTIONS 

-e. __-.--
• Breeding of new germplasmn to continue. 
for adaptation to agroecological conditions 
inthe hImtid forest, moist savalla, and 
lid-altitudes zones. 

* ,xploitation of exotic cassava breeding 
materials from specific agroecological areas 
in latin America atild Africa to continue. 
* 	 Resistance levels to cassava ealvb g 
id caLSS+ava green mite to be increased, as 

part of a plant health mtanagemient strategy 
SReseatrch will contiioe on cassava physi 

ology and methods of selection for resistance 
to dlrought and cold. 
* Research to contilie oil [ie inheritance. 
biochemitr\; amdphysiology of food quality 
characteristics, including low cyanide con-
tent. and on the stress reactions of the plant.
* 	 Cytogenetic ad 

anulain tecbiteiolia 
niqle:; to be applied incharacterizing geno-
types, elucidating phylogenetic relationships. 
and improving efficienc\ in selecting desir-
able characters for new genotypes. 
* Basic research to contime. jointly with 
advanced laboratories, on somatic embryo-
genesis, somatic hybridization, anther and 
polleli culti:e, atd genetic transformation 
and regeneration, in order to improve effi-
ciency of breeding techniqtes. 
* Investigation of the physiological and 
reproductive biology fyain, and inaniptla-
tion of ploidy levels in cassava and yain, to 
continue. 

K 
0 Investigatiols of brcding strategies and 
methodologies for African conditions and 
constraints to be conttinted. 
* Crosses butween starchv balnanas 
(triploids) and diloids to be continued, to 
provide more hybrid seed for clonal prodtic-
tion. evaluation, and selection in East Africa. 
• l)evelopment of a molectllr linkage mial) 
to begin, incollabo; ation with the t> 

Iel)partmnent of Agriculture inGriffin, 
Georgia. for germplasn nanagenient, gene 
napping. marker-:ssisted selection for 
breeding. ainl management of invitro 
geraipsim conservation, 
• Advanced multilocational trials of black-
sigatoka-resistant plantailIatanna hybrids 
to continue, incooperation with national 
programs in It \'est and Central Afr'icatn 

WetadCnta-fia 
locations, 
0 Survey to assess constler acceptability of 
fruit quality of bltck-sigatoka-resistatt 
plantaii hybris. Quality parameters to be 
studied and (lefined. 

0 Improvement in host plant resistance to 
Sspecies to continue. 

0 Gernhplasm to be sought with greater root 
vigor, to increase recovery of soil nitrogen. 
0 Breeding of resistance to two stein borers, 
Stsania and l/dana,and to the graii wee-
vil Silopbilus. to continue. 

of lieterotic luse p(ltla
tiolls, and integration oope-pllillated aInd 

hybrid breeding into a "Com!)rehensive 
Ibreeding system". to co)ihmue. 
0 "Maitenance lreeding" of agroeclogi

cally adapted gerinplasin to continue, in 
order to maintaiii resistance to maize strealk 

rusts, blights, downy mildew. ad ear 
and stalk rots. 
e Studies to elocidate the pihvsico-chemical 
bases of grain quality characteristics, and 
low to breed for them, to Contiue. 

A of improved maize varieties inAdoptioni 
Nigeria to le studied incollaboration with 

national scientists. 
* Strengthening of national programs and 
regional networks to contine, elphasizing 

collaboration alnd tr:mnsfer of techlnologies in 

breeding research, especially inscreening for 
resistance to maize streak viris anhd r-i',a. 

a limpO l k I1htIbhe iPI t1clit of c) 
talce to floweriiig and postflowering insect 
pests to continue, nsing both conventional 
breeding and biotechnology 
0 Improvement of local cowpea genotypes 
to continue, incorporating astable resistance 
to diseases, insect ,, anests,and Al cc/ru, 
and adapted to mixed cropping systems with 
cereals (millet, sorghum. and maize) for the 
dry saValla. 
0 Improvement incowpea grain types with 
awide range of maturity periods to continue, 
to meet diverse needs inl different agroec)
logical zones. 
• 'lechnical support for national programs 
and networks of cowpea scientists inweste'll. 
central, and southern Africa: enlphasizing
teclologies for inclrporating resistance to 

diseaLses andcinsect pests into local varieties. 
Priority given to collaboration with the 
Semii-Arid Food Grain Research and 
IDevelopment (s'o:i&~o) cowpea network, and 
to s+upport for the Sottthern African 
levelpment Coordination Con ference 
(si ii:C) ciwpea lroject. 

• Breeding to continoe for resistance to 
insect pests and early maturity (to provide an 
SO-130)day range of maturities) with other 
desirable traits, for different zonies. 
0 Simurces ol resistanee to frogeve leaf spit 



disease to he identified, nd the mode of 
iiheritmice of resistance to he determined. 
* Maintenance Ibreeding to retain the traits 
of stable and high yiel(l, good ndilation 
with soil bacteria, resistance to the miiain dis
eases. ,inoe- waoth
str"tge capacity of seeds, 
resistance to bnckling under tileweight of 
hlighl pod yiels, and1L1pod resistance, to shiat
tering auid seed dispers:tl before harvc. : 

• )evlopmient of s ilbeanan ingredient;ts 

intra(litional food prepar:ttions, for domestic 
aiid snadll-scale indtstrial nse. to conitinne 
inNigeria ,id (liaat with iational pro-
grainls, 

t soybean* Joint research on sorghlll tiian 
intercroppi ng,and on crop rotation systems 
with soybeant, to contilitte with the Ilistitute 
for Agrictiltnral Iesearci. Saniarii, anl the 
hteriiatioi:il Crop Rese:trci lstitute for the 
Seini-:\rid 'opics ((i> \'l). testingwith field 
ill sa:tanna.the Nigeriaii (lr 
* lnvestigation of iiitrogeii fix:tion ioten 
titl of free-noduilating sovhbatis to contine 
with the Biological Nitrogen Fixation 
'ILchiologies for International I)evelopment 
(NIIA.) Project. Iiniversity of llawaii. 

PRIVATIZATION
 

OF N IGERIA 'S
 
H YBRID M A IZE
 

SEED BUSINESS
 
ITA'S hybrid maize research over the 
past 12 years has encouraged private 
sector development in Nigeria's seed 
industry.Anumber of maize seed 
companies have started operations 
in the country since 1984, with tech
nical advice and gernplasm from 
IITA. The four largest of them pro
duced and marketed between 1,200 
and 1,500 metric tons of uiTA-devel
oped hybrid maize seed in 1991. 

These I)egiiiiiiiigs iark a new matnirity in 
Nigerian agricnltnre. reflectiig acoinmer
cial awareness that illincreasing proportioli 
of farmers, small- as well as large-scale, are 
rea(ly to grow maize tsa cash crop. The new 
seed companies are (liversifyiiig their mar
kets with hvb rid sorghum and improved 
varieties of cipea, soylbean, rice, vegetables. 
atl( industrial crops. 

Of all the registered coipanies interested 
hyrid maize seed business, finr had pro

ductive operations in 1991: 
ill 


* Agricnltnral Seeds Co., Lt(I. (established 
inl 1984 at Zaria. KIadtna State; bought tip 1 
Pioneer ill1992) 

Pioneer Ili-bred Seed Nigeria Ltd. 
(began produtictioni in 199) at Kadinta) 
0 iA( Agro-liiditstries, of (.:ofNigeria Pilc 
(initiatlly tcontract grower, began oI pro
(Itctilin and distihutioi inl 1989 at Zaria) 
0 i 'tcNigeria Plc dbgatn prIo(Iuicinig seed 
formid-altitudes region in 1989 at Jos, 

llateat State). 
Ilvrild maize Colnbines qualities most 

(lesired by farnuers and consimners. Itcaa 
pro(Itice snbstantially higher yields with 
highly tuifoilrm grains, important forilltis
trial consutmers. Olier characteristics can he 
tailhrel to suit growinig coiditions ins)ecific 
areas; for examuple, resistance to specific (is-

High yields from hybrid maize make it an attractive 

crop for farmers with accessto seed and fertilizer. 
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Aharvest of young "green' maize. 

eases and pests. '.lidtolerance (ofdrought or 
other stresses. lhowever. hvbrid ii:iize brings 
overhead costs totilefarnler: iew seed outlst 
le pmrchased for each planting. The seed 
produced by ahvhrid inaize cro) isgeneti-
callv different frli tileparent lyhrid, and 
loses its high yIds and desirable character-
istics. 

The mmaize traditionallv cultivated 
throughout the deeloping world isopei-
pollinated. Its omi seed cali he used for tile and the natiomnal services forseeds, extension 
iuext crop. unlike luhbrid maize. It fit, easily 
into tile systems of tradition.,lixed croppiiig 
:tl
Aflrican agriculture, and can produce close 
to its full potential harvest with less fertilizer. 
labor,or other inputs than can hybrid niaize, 
Subsistence farmuers \value these ecomiomnical 
requiirements. 

()pei-pollinated uiiaize call he improved 
for higher yicds, pest resisanice, and desired 
grain qualit: Bhit. after cultivation over sev-
eral seasomls, the gerniplasi loses its yield 
potential and other traits through cross-pol-
liniationi witl other varieties growing ill the 
vicinit\ Ilence. farimers must seek liew seed 
with ahigh level of the desired characteris-
tics, if tihe aire to continue to realize the flull 
pltential Iua vest. The need to renew seed 
colies less frequently with opeil-pollinated 
thani with hvrid iaize. But the rewards are 
greater for opting for hvrid niaize, with its 
sulstantially higher yield. 

Savanna boom. During the 197ts, tirrx 
breeders developed high -yielding, inproved 
open-pollinated varieties called Pl,building 
on Nigerian composites. ReletLsed to farners 
late in the 1970s, ra varieties were resistant 
to tilemajor fuigal diseases and highly 
adapted to conditions inNigeria's moist 
sav'annlla '+ which has arainfed growing sea-
son of fotirto six months. Ahonn ilniod-
ernlized mlaize farmiing hegan: rza spread 
rapidly across the savanna during the 1980s, 
as federal and state agricultural extension 
services made fertilizer and advice available. 
:\ nationwide highway systemt created new 
lilnLs for tilesavanna region with imarkets in 
the populo(us south. These developments cre-
ated opportunities which farmters could 
exploit With hvhlrid maize. 

.l.
scientists expressed interes, during 
1977 inthe possibilities of developing hyhrid 
maize varieties suited to tileniation's nieeds, 

which international centers were not porso-
ing at the time. luring tilefollowing years 
irlx challenge aidireeders took up tile 

scale of demand are changing. So, for hybrid 
naize, the governnlent decided that privati
zatioln of tile allowedseed indhstrv should I)e 
to evolve, ilorder that production and dis
tribution networks develop elficientlv 
Private-sector seed quality would Ihe more 
likely to conforml with larner requirelnents 
than would seed quality from agovernment 
agelmcy, hecause aprivate firn's survival 
depends onl culstomercl satisfaction. 

An essential role for the government does 

remain, however, inenforcing quality stan
dau'ds foir commercial hvhrid seed, and ill 
inoviding open-pollinated maize seed for 
resource-poor farmers. 

Entrepreneurial investments in the seed 
industry are proof of success of ptuhlic-sector 
investmenmts in agriculture. The public sector 
needed to put op front tilerequired research 
into hybrid maize and its oin-farm proditc
tion, as well as tilein frastructure: the exten

sion systeln, subsidized fertilizer, and roads. 

Btecause of their high costs and lack of 
immediate commercial return, those govern

begaii crossing tile best available geriplasnill mental investmeents are aprerequisite for a 
with ime+.maize streak virus-resistant popuila-
tiois. 

Nigeria's federal governmemit declared 
hvid maize ahigh-priority crop ill1981 
and contriluted I S55,0.0OO to iri\for 
research. By 1983, Nigerian scientists from 
three research institutes, three universities. 

viable agricultural iMdustrv with private par
ticipatioti. 

Entrepreneurial perception of tilefeasi
bilitv ofaprivate seed hiMsiness in lvhrid 
maize also marks acrucial stage, aconing 
of age. inthe coumtry's agricultural develiop
ntent. lProspects for growth are enhanced 
when farmers recognize tileinportance of 

and accelerated food production joined Irr: pure, high-quality' seed as aregular input ill 
iii lhvhrid selection trials. By 1984, experi-
mental hvhrids started on -farmt testing. 
ltiring that year, the first hvbrid imaize seed 
cimpan:\Agricultural Seeds. prouduced 80 
toiis of seed under it.\and National Seed 
Service su)ervisio. 

By 1990, hybrid maize farmers were har-
vesting 3to i tons of grain per lectare, a 
yield advantage of about I' over the earlier 
ilmproved but non-hyhridized varieties. 
Ivridimaize covered nitestimated 100,000 
hectares of the country's 2million lectares 
planted to mmaize. 

At first the federal government had to 
organize prodiction of open-pollinated 
miaize seed foti'the state projects to niultiply 
for distribtion to farimers. But ireaucratic 
operating methods are usually not well suit-
ed to catering for seed needs in ,dynamic 
nmarketing situation, where location and 

th'ir protltiction efforts, and when tile\,are 
lrepared to take the investment risks for the 
anticipated gains. 

Success forimJ'\fronmi its own research 
investntem: has cone, so fair, illthe general 
perception of h\bwid naize ,Lsacrop for 
farniers indeveloping coumitries. laving 
plrouved viable inNigeria, m+'s hybrid mtaize 
technologies of varietal characteristics and 
seed are being propagated through natiolnal 
programs inother West and Central African 
countries: Cameroon, (Y6ted'voire, and 
(hana, aniong others. 

P'rivate ald pullic-sector enterprises iii 
East and Soithern Africa have also utilized 
lirA gerniplasln inideveloping their hybrid 
maize varieties: inEthiopia, Kenya, Malawi, 
Tanzania. Ugaida, Zambia, and Zimnhabwe. 
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Y BEAN wherevSOaIgroccological conditio sftvored New l~ot lirtim ket for local so'

prodtction. Late inthe 1919s the British set beans canii athont inthe id-1980s, ill the 
pamarketing board which imrchase(l soy- turin of governmentdtl iacroeconolmliic poli-

PROD U CTION !,eauls c\; which ptlledfor export. ,,nprocessed. tihe pirice of the crop. Inl 
By 1960, when Nigeria achieved its in(le- 1986 the Nigeria!. goverlinent nmtlertook a 

it ,l strnctrtitn program (s,) toSU RGE IN 	 pfielc e, become anianr worldl 
exporter of pani and gromndout oil. Palm oil stimnlate economic recovery The naira was 
and grotndttoilwere being processed for devalued by 7i'",,,to 4.(0naira per rsdollar.

IGERIA local consumption at village level and for Its value contintued to slide, reachiing 9.2i 
export. While sovbeaiiis were still leing nairt per i sdollar hw 1991. tinder .1,S,agri-

HOW POLICY CAN 	 growi for export, ther! appfeals to have been ciltiral prices were deregolatel andtimpor

,,o 	 tation of major lod comtmdlities banned
coinstIllptioli of soy pirodtticts. incliding staple grains, edible oils, ant sov-

TECHNOLOGY AT THE Over the following decades. dunrig the hean neal. The ban had its inteiided effect of 
RIGHT TI civil \vtr and theii giving a IbOust to local fruinluction of veg-

PROMOTE THE RIGHT significant village-level processing or 

the new wealth from
petroletium exports, soybeami fanning etable oil and oilseed cake. (Eveni though 

iedned. iniports of ti processed soybeans were init 
As the market grows in Nigeria for L.ate in the 196)s civil wai broke otit, balmtlA, local soyheatns were inore cheaply 
oilseed products, small-scale farm- which hindered internal transport aod the av:illle andlhenice received :tboost froim 
ers are finding soybean an increas- export of commodities. is Iertimemt of the kill.) 
ingly attractive crop-more so than :\grictilttire records show average aumamtl Besides th:.t policy )till ,drolght duiriiig 
competing oilseeds such as ground- smmbean exports from Nigeria of about 1983-1984 pishiel up prices of :ll agricul
nut. Soybean does not require fertil- 3,:()(0 metric toils tmiral cuimmoditics. and increased stlbstittijtist before the civil war 
izer to produce an adequate harvest, (1904- 196,). Prodtction declined ultiring tiui of so be:as iniadav,a prouictiin 
while its labor requirements fit well the war (1907-197)) to abotit 9,000 tois pier which could be stlpplied more e~tsilh than 
in the cropping calendar with the veair. l)riug tile years after the war throiglu locust beans. And during the mid- 1980s, as 
needs of other crops. At the same 1976, average animal exports aiuioutmted to tightened tileSAl ecoiuonuic belt, public 
time its market price has risen 3,51,00 health amid(l'oils. From 1977. export igires lecliine charity orgalizations caim 
faster than that of groundnuts. And to zero. paigilel to promote conisuititii of sun,
irr.A-inmproved soybean varieties have The petioletm "boom eatrs' illNigeria. heans for their ititritiomal valte. Sombean 
been available with higher yields, from the mil-1970s to early in tie 1980s, firdticts began to become ihcorporattel in 
which have reduced the cost of pro- brought a pr<sperity which wirkel against traditioml diets :aid processeul foodts. 
ducing the crop. agrictltural development. The limta was With these market stimli, atechnical 
The increasing demand for locally grown overvahled, at greater than parity with tile us 

sovbens stems from go\verinim)enltal policies dollar. ihtkilg iiimoports of oilseed l)rodtlicts Partially defatted soybean coke isbagged at aBenue 
tocombat Nigeria's ecoimnic ills. The factory forless expeiisive than local etdllivaleits. Exports use asanimal feed. 
matiolal cturremcv the llaira, has tlevaloed uuofsovbeans antI edible oils ceased, :tnd 
drastically, which has iiicreased the tttrac- exports of oilnliu kermmos aiid grotimdntits 
tiveiiess of homlegrownt over imiporte(l decliiuel. After having been aii exporter if 
oilseeds. ltriig the pasi five years nlporlta- edible oils for (ecales. Nigeria became an 
tion of edible oils aiiul soyleatn meal has been iliiorter--i cretsiiig demnd+l for oilseed 

bained. which has stinmlatd locatl proIic- pirodtcts was met hy il rts, which incltt
lion of vegetable oils and oilseed cake. 	 ed gi uindunt, pallm, and soyeami oil, 

Policy has given :aspecial boost to soy- sovieal, and grotmnlitit cake. 
beaus over other oilseeds. (overlunnelut a1ml T'lhe iiilurts of so\oil in(licate that its 

lrivate groups have proimoted soybean lfor its utliestic acceptaiice had begu., althotgl 
nuitritional vatl , as atprotein sorce, siiice the cheap imiplorts discoturaged loiestic " 
other sources snch :s lmeat alldeggs are flroutictioti. Asimall market for soybean uliul 
heyintl reatch of most peolle. develoip lite iinthe 1970s, however, ill 
Moneymaker. Soybuan has been growii in Kad tma state. lI'e tmakers of (laulawa, a fer-
Nigeria forthe past half cemtury The British mientel seatsolning, starteul to substitute soy
:auhninistrition iitro(lucel a Malatvyan variety be:a froloctist bean, the traditional iigrehi 
aisan export crop dutring the 1940s. ini eut. Althotugh limitel, this source of (leimmdai 

area farmed by the Tiv people ilBenume state, for soybean helped to nmaintain pruuuuictilu. . ,• 
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advaltage which soYbeai enjoyed came tift; 

play y,earIy i tIt, I l; Is,IiT.\ ad achieved 
:t research breakthrough ill collahoratioi 
with Nigerian research alnd extensim orga-
itizatious, llottblv tile Inlstitote for 
Agricultural Research. tile National Cereals 
Researcll Inlstitute. and tile Institte fo' 
Agricultural Research and T'aining. IrI.\ sci-
elitists succeeded in breeding high -yieldintg 
sovhean varieties that could accept tile bac-
teria folnd in .\fricail soils ald noditlate with 
themn. Before this ch'aracteristic of "ptimmis-
C1titos tiidtilation" tad heel trailsferred to 
high-viddiug syivbe:tns. tile seeds had had to 
be illoculated bef4ore platttittg, itt a process 
that was too expulsive atdulcilIplicated to 

permit smmall-scale African farmers Iogrow 

so\heans. 

Otler prihlemts had also beenl solved 
through hreedimg: ctirbittg tile teidencv of 
pods to shatter aid disperse tile Iatts hefare 
tile' coumld he harvested, amid reducing tile 
tintle reqttirtmnent for time crop ti mtatt'e 

hiich was too lotg ti suit railiall patterns ill 
saVam ita areas. 

rechnuological advaices fromItr", tiogether 
with collahoratitit with iatiotial itistitites in 
adaptilig dIe new varieties to htcal growiug 
ciiditiis. enahled faimers ti make use iof' 
the.e itmprmved varieties. ['armiers cold 
Tesiiid ti the iicreasiIg detitaid for 
oilseeds by producitig high-yielding soy-
heais, keeping their pll'dtctitmit ciists low 
and their prices coputipetitie with tihose of 
imported so heatts. ,xpatnsiml of simbeatt 
cultivatim\was feasible because it required 
little ahor M',nd fertilize', amid it was clitnpati-
hle with existitg ittercroppittg svstets. Otn 

tile other hilad, grotidittits were stifferilg 
f'im disease problemus which limited thei' 
expatsiotl, and oil paliti ---heiig attree 
crp--cottld iot be asily expatided. 
Sovheati prodhctiot cmld thus increase as 
its profitability hecaime appart.t 
Back to the finttire. Suveral irr\ surveys of 
soyhean -gr witng villages ii Benue state, 
eastetti Nigeria, mid~ of sioybean mitarkttig inl 
tile townl of Ihadanl ill souithwesterni Nigeria, 

have showiIlwu'sovbeat produictioni has
flourished withini acotnducive policy etivi-

rtlillen1.. 

Bentie was chosemi for the prodtictim 
study blecause its history ofsoyvbean ctiItiva-
tiol, which dates from colonial days, affords 

a perspective on effects of policy cliaiges oil 
prodtlctiol trelds. :rd tile Tiv farmers there 
have become experieniced sovilleat grower 

In 1989. sovheanl was beitg cultivated in 
7',.of tie Si randomly selected villages. hll 
was more widespread ill tile Tiv area (90") 
th:.tm iin tile titi-Tiv area ( l2m)htostote-
half tile Tiv villages reported sovbean to he :a 
major caLsh crop. whereas it had been so ill 
less than olne-third of those villages hefore 
tile civil war period, sotme 2S years earlier. 

\Ihile profitability was tile tttaitt reasott 
given lor pt'oditcig Sovhe:lns ill imost of the 
'liv attd tloli-Tiv villages. tlt. second mst 
poltlar ttotive %%as recogtition of svoyheans' 
lumtritional vahue and food tise. Siivheat was 
sulbstittuted fiir locust bean intile preparatiot 
of dadawa attd for cmwpea ilt sevemal dishes. 
It is cheaper per weight than 'opea, alld 
muchiore available tham liclist Ietll. 

Asamttple of 7f farimiers gro\it,,. svmbeanm 


in 199ff had produced a total of f -I itetric 


TOTAL SOYBEAN PRODUCTION 
BY 70 FARMERS INBENUE, 
NIGERIA 
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tolls of soybeans during I1989. The accolpa
wying diagram shows the farmers' view of 
their owin prohcliotilfllfnI ( to 1989.
 
They claim that tiley prodocd haf th cur
rent harvest before the war. Iltoting time post
w:r period, their total production declinted to 
1.4tolls arotid I9i alld rose to 4. i tolls ill 
tile 1982- l period. just before the nairap8' 
devaliatioli. levaltationl appeared to have 
had a tottic effect--- prodltction had swollen 
to IS.8tolns by 1987. And two years later it 
\is Iearlv dolble that. This picture of pro

dttctiol trentds fits the I , govermtental 
record for tile I 0s ttid 17is. 

Tie produictiol stlri\ev results iidicate that 
fariers itt the Tiv (eastern) part of Benue 
state were c Imaetly g )f,.000 tmetricuIarvestim 
touts per year, from virtually tnothing after tile 
civil war. Expaisionm lIrgely occurred 
betweett 1986 atid 1989. whem three-quarters 
of cutrtunt pridtce's heganm cultivating tile 
crop altd llaly of tile established prodttcers 
(two-thirds) expamnded their productiml. 
Sovheat was also spreadilg itl tile tnt-Tiv 

(western ) parlt of Bueille. althugh at aslow
er rate. \While tile sur'ev ishased otl farmers' 
iemories, aclear picure emerges of large
scale iicrease and treids citisistetit with the 
1Sdata. 

The tilrhall tarket survey iul lbadan, the 
ttwIt vhere 1rrx is lcated, revealed that sov
heais were beitg sold in mllv two tmtatrkets ini 
1)87. h, iti 19 tmaukets by 190ff. Soyveat 
retailers iin those markets expanded from a 
total of foir t i il ). 

Before tile ltaita devalltatiit il I9, otmlv 
i~lte of tile ctrrelit etiterprises ill Nigeria had 
heei prt'dcitg soy oil atod seedcake, with all 

attitnal capacity of'of 10metric toils, (Actual 
productiitt figures are it available. ) By 
1)8) six citmplanlies wete prodtcitig oil atid 
seedcake, with over 117,fffftoils per year of 
capacity Other companies were using Soy
heams to make traditimial atrmidiew fnds, 
itichtid ig heverages. breakfaest foods aid 
baby foods. 
Pivot. 'lhe Nigeriani experietice illumstrates 
hmvw governmenlclt policy call. blytilrnI, impede 

f)rOdttctiil :mid time:d0iptitn of itimproved
varieties themi stittto(ate detitatd aild 

lcOImiag'e farillers to adopt Ilew Vrieties. 

But, while lhe folrtImlles ifsovleant over time 
decades have pivotted I!me niationi's ect<t 

lmuomic and social pmlicies, other eltememts 
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gave vital support to tht i)henoinileial expail-
sion of the crop during the past four years. 
Am assessulelt if soVhean's future must take 
into account the policies iswell as the other 
economic and agricultural factors. 

Inniiport lans oi1oilseed products led 
Nigerian mills to use local oi!.seeds, while 
currency devaluatiol made those oilseeds 
more attractive illthe market. flut soyhean 
could becomne more competitive thalltradi-
tiouual grotldnlit aiid oilpalm hecanse of 
ini)rIIved, high-vieldillg arieties. Iesearch 
had iade these iiew techlliologies available 
early iii the 1981)s. I)  lut farumers took them 
oly aflter demiaiid had grown aiid when 
prices would not he depressed by additional 
production. So :texpanding market gave a 
push where policy pulled, and research pro-
\ided tile enlarge theirieaiis for farmers to 
response. 
Ill
deciding to expand production, farmers 

have considered the nuerits of sovheai in 
terms of their own economy Soybean liiav 
iiot vedd as in lch othler crops foprofit as dio 
time s:iiiie aiiotint of effort, but it may attract 
farmers because it suits their particular cir-
cilistauces. 'they filid tilecrop aconivenlient 
one hiltennue,
where land isahunldanlt ht 
lahor isnot. Less labor isrequlired ingrowing 
sOvbealms nlamthat for groumdnltts or rice. 
Benue farmers also learned, after fertilizer 
Supplies gi ew scarce during thel1980s, that 
soybean yields an adequllate harvest without 
fertilizer. 

Soybean llayappear to be less labor-
inttensive because of tile timing of its labor 
requirements illrelation with the schedule 
for other crops. Soybeans are planted before 
the peak period uofgroundntt and van 
planting, aiid are harvested before tie yani 
harvest peaks. 

Besides timilng, its conmpatibility illinter-
croppinlg with other crops attracts farmers. 
InBenue, soybean isintercropped most %,itli 
sorghum, which isplanted at low densities, 
and to some extent with cassava, which 
grows slowly anl doiniiates the field after 
thle soybean isharvested. Farmers find it 
benefits compaiiioi crops atsagrouind cover 
against weeds. Also. as anitrogen- fixing 
leginne, it provides asource of nitrogen fer-
tilizer from the plant material discarded 
after harvest. 

Intracing the connecting elents 

responsible for the recent soybean phe-
nomelnl, itisclear that increasing industri-
al demad has driven the expansion of soy-
bean.within the framework of conducive 
polic aid with the right varieties forifarm
ers' resources and cropping systems. 
Farmers could take advantage of inproved 
soybean varieties, once economlic policy had 
Made the market favorable for local prodtilc
tion. Inturn, rapid grmthl of soybean sup
plies after thle nnid- 1980s encouraged the 
mills toirely mithlemi ii oiland feedcake pro
ductiol. 

\Whethler soybean crops and industrial
 
production canl cou)tinue todevelop inthe
 
same direction will largely depeid oitime
 
policy environmnet't--will tile
industry be 
viahle, if oil and feedcake import hans are 
lifted? The market for local soybeans las 
shown signs ifastrong growth potential, at 
current production cost levels. 
Reinforcement. Promotion of local soy
bean products Ihts suphelped, in Nigeria, to 

i port rising market trends within afavorable 
ecullillic elvirollillent. (overiMllltaland 
private groups have popularized sovheans is 
a source of good and low-cost intrition, 
while traditional alternatives have priced 
thlenselves bevonl tilereach of most. 

Promiotion and pilicy initiatives appear to 
be working hand in land inother areas of 
Africa, to develop asoybean iMdustry Inl West 
Africa, a(manaian national cimnittee is 
caiiipaigning to increase production and uiti
lization of soybeans. 'lihe crop has heen 
grown inlsavaniia areaLis of the country for
 
many years, and isbeing expaided iliithler
 
parts. Women sgroups, among others, are
 
sipporting the national campaign with local
 
activities. Inneighiboring C6te d'lvoire, the
 
government isstimulating pIroduction inl
the 
moist savallla. 

Insouthern Africa, small-scale farmers in 
Zambia have been expaiding production of 
soybealls with support from the government 
and cottom growers groups, which are also 
promoting lMotuliold and commercial uti
lization toprovide amarket forthe crop. It 
Zinmbabwe, soybeain has long been acrop for 
large-scale farmers. Now a local researchers' 
group isiiitroducing ways for snall -scale 
farnmers to produce it. 

Success fur soybean lhas been the oiitcomiiie 
of asynergy of forces: economic, technical, 

and social. The current favor:f-hle environ
nnent will eiable increasing numhers of peo
pie to enjoy tilehealthful henlefits of this 
goldeni heanl. 
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A CCELERATING as develh)ped tifs techulohgy for transmfit- :,et of proce(lures is )eiig revise(: "ost-flask 
ting geniiplatsiu which satisfies phytusanitary managemellt" of the cassava plantlets in the 

reqiireients. Plantlets are also an efficient recipient country li)o often tile tissue culture

TH E FLOW OF fo field research, hecause vege-lrin for use in mttterials are lost int,,nsplanting to nursery 
tative propagatioi isthe easiest wiy to repli- lMeds. 

aveCASSAVA cate the particular set of genetic traits of a The plantlets arrive inflasks whMih 
desirthe cassava \ai ietv provided a stet ile. humid enviriunelt. 'lhev 

Plaittlets are prodtced in,the flasks I), are at ateiter stage oif d(eveluop,ient andl 
culturinig the growing tips of selected cassava must he conditioned gradually to the drier, 
genuotypes ina sterile mediui. Next, each harsher cun(lti)iis of a research nurser,: 

Cassava scientists at IITA are develop- lflaitlet issuhjected to aprocess of "'iiTs Thlley must )epermitted tu adjust to a norial 

ing ways to accelerate the delivery of indexing" aid(quarantilie ilispection, after growing enviroinenlt, and tu devdolp their 

new cassava germplasm to national which it may he declared virus-free and dlefieises against lcal patthogens. Four to six 
programs. Biotechnological tech- ready to ship to itr collal'orators. (The chart weeks are inrmallv sufficiett for a piatlet to 

niques may be able to replace more opposite depicts the time scale of the tissue estahbisli itself int utrser' hed un(ler 

time-consuming procedures culture atnd virus-indexinig process.) research ciilitiiiis. 
required for disease-free certifica- Conventional virus elimination and inde.ing Witli every shipment irr provi(les jiffy 

tion for international shipment. take at least eight inths, which puts a p)ts" with a transplanting medi umiof peat 

Techniques are being worked out for brake oi the flouw of nmterial to national iiioss and vermiculite, t highly water

managing the establishment of cas- )rograiis. But quiarantiiie regulatiuns iust ,)sorhet filler matterial. Each plantlet 

sava plantlets in nurseries and fields he niet, for :he emiefit of all cuncerel, so should he transl)laiite(d into this inediuin in 

in-country, to promote survival of any means :a;,ccelerate u the jiff' pot as soon as it is reioved from itsthe flhw llust 
materials for adaptive research. involve certification of healthy plantlets. flask. Tile jiffy pot shiould in turn he planted 

Il recent \+ears. tIT\ has heen lreediig llew n'khaIs lhegum to investigate alterlatives to ina larger )Ot, or directly iiitO the nursery 

genotvpus targeted oil fatrming niee(.s in the the effective hut lengthy indexing process. el, where itwill gradually (lecoil)iose, lea'

main gruwing a"reas. Careful selection for The hiotechnological tecliliques of polv- ing the growing plantlet to continue its 

dlesirahle chliracteristics over the vears has merase chain reactiin (CR) CeN.\ prohes'i1and deveo)pnment in the chosell research site. 

l)ri(>uce(h a large nuimleruof genotypes rea(lv are promising applications. Such screeiiiig lProlemns arise where the transitioii from 
for delivery to iiiatiunal program+s. \Witl the techniques ima, I)e ahle to help complete flask to pot and external environmelnt istoo 

help of tinammagemuet" s,)ldtions to reduce virus indexing within a fraction of the. time al)rtpt hecause of envirotunmeutal or luau
delivery ti nic requirements, Imn's catssava previously require(l. dling proleinis. The comsequence inmianly 

prugraii liupes to huild its delivery rate ul Inaddition to use of hioteclolugy to instances isa l)lant survival rate too low to he 
iplro\ed gerinplatsiul up to 50 cliies per sl)ee(l up the virus idexirng process, anuother of uenefit to the receiving program. 
ealr for eacii of the umain zones ill the region. n'.Ahaus hegumi to address this maalge-

New iipetius to stel) up the fow (if Adelicate cassava plantlet ready for transplanting reilt l)riohlein+ 1y exploring wa\ys to adapt 

germnpiasm has cone froml the results uofthe and conditioning to anormal growing environment. methods of estahlishing plaitlets tinder spe
(ollihiiorative Sti.v of Cassavia inl Africa cific local conditions. Aluw-cost humidity 

((:<)>,: releatsed dtring 199t'and 1991. :osCA chamhler iskeing designued, to he llade olI 

coutfirshavat c:tsuv het. Ieco!iieiore th site of ocel taiilane cnr nlaterilals, whicth 
just it[)ANkvard crop)to keel) hunoger itI i)ro%-ide the niewly-trnsplantedl cissaval withi 

hy-it is at cashi crop for many farers andi( suie trauiisitiunali lprmtectioii. 
atluw-cust fuudt staple f,-tuwn -dlwellers. Long-term goals. Thle ciirremt adjust
]rom the r sults it is also clear iha thie nuiii- -nlents in nIA'S del.,,y strategy aire ain(l at 

heit and extent of niew varieties heig culti- two lomg-term goals. One isto exteiid the Ise 
vated 1v fariers trails hehind the amouit of of imtprov(d cassava genotypes in research 
inproved germuplatsm ready' fur use ini iii- rprograms in all catssava- helt cOiutries. The 
cotmtrv research. lIence. cassava researchers N--- otlier isto (levelh)p natiommal capahility in 
share a new cuncernm to accelerate t,:e pace of . .I)reeding in)ro\ed varieties fro,-i seed. 
iiiip eiii res frica's which ermits a range of genetic 
he t"coiitries (see oiap on p. 16). e Itio)n. 
Delivering the goods. Gernuplaflisin iii-\r has hred iiiany\ ie\ cassav;a gen)types 

emuhaodidig a iew genutype isusually C:; - to )rouce high Viels under differeit grow
veved to nati)walu progrtnis as a plantlet, iii t ' iimg coiditions inWest and Central Africa's 
(lisease-free state inside a sealed flatsk. irr".\ - ' ' main agruccological zones--the Ihmid for
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THE CASSAVA TISSUE CULTURE 
PROCESS FOR VIRUS I Cassava stake 
ELIMINATION approxinmatefy 15cm 

SpounSSprouting 
month 

m 

Ihs 

"I4-5 

. . . .
 

1hu 
month 

I 

', ,:,tics 
I 

remaining nodes 
from some parent 
stock ore cultured, 
multiplied, and 
maintained invitio 

4-6 
months 

.
 

. 
: "' 

." j> 

.............' 


1foriln 

. . . 

,,., .Certified plantlets for distribution 
to national programs 

inpots
inscreenhouse 

ptselmnHeat~itreatment5Hteat 

inheat chamber 

Apical lips removed from plantlets 

Apical merislem culture 
in laboratory 
tip size =0.5-o.6mm

tip sze =0. 5-.6mmtucles,will he estahlislhec l t l,\uiiihwe illMalawi during 1992. hecause ahigh propor

est, tile forest-savanna transitiol, the oist 
savalla. Breeders arc also developihg new 
genoypes foc other Zoles, \ here Cassava 
production has recently shown increases

coaslal areas, mlid-to- high altitudes, and the 
dry' :;atvaniahd. 

Areas ty\pifling all these zones can he 
foond inNigeria, so rn+\ hreeders have heen 
ale to develop genotypes which can le tll

other col nto siililte nvintries with tll , iile kinds or~fietqtireinleiis. 

itIT uses breeding sites inNigeria represent
tng the hinicld fIoest region (it (n1e), the 
forest-savannat transition zone lhadan), tile 
moist savanll (Zaria). the drv sinillia
(Kano). and the mid-altitudes (los) 

Ano site, characteristic of higher alti

sill7-ah 
plcnlet size. =7-1&cn 

Initial multiplication 

single nodes 
node size = Icm 

Batch numbered and divided 

plontletsize 5-7cm 

Virus indexing 
test batch istransplanted, haidened, and 
established inpots, inisolation 
(200-2500 and subjected to three 
virus-indexing procedures: 
-observation of virus symptoms 
-inoculation of other, indicator plants
(e Nicotiano benthomino) with sap 

from cassavo test plants
-1us. (enzyme-linked immunosorbent 
assay) 

pln3nt size = 35-S0r 
Quarantine inspection and 

phytosanitary certification 

tudese l= she atlirinwei 
tio of the cassava of eastern anid soithern 

African countries iscultivatediat nlid-to
high altitudes. 

Resistance to particular cliseases-for 
example. cassava hacterial hlight anid Africar 
CIaSSaI t nosaic diseatse--arilmore recentl)v 
resistance to tire insect pests cassava nlealy
hg and cassava greeii Mite. rave heen high 
anuong hreeders' prioities. Early maturity of 
tile crop has hecomne an irnpiirtanl charac
teristic iln hreeding cassiva fu0rfarmers w\ho 
will sell their produce. 

Processing and eating quality characteris
have joined these hreeding priorities as 

consumler. preferenices have hecimnie niire 
wiclel knuin. For example, most inl)rved 
cassava varieties grown ili Nigeria have a 
firn and smniooth or "waxy" texture, which is 
suitahle for grinling into flour ii'the polo
lar gari". I owever, incountries \'ere cii

suniers huil aid eat their cassava, they prefer 
tei flesli to have ainealv rather than WLV 
texture. 

Eventual Ivreeding research iuist grachl
tile froni the early test sites to targeted areas 

rof release, in order that clones of iliproved 
gemiotypes can he adapted to hieal conditiuns. 

The genetic material ieing delivered luist 
suit the needs of recipient prograls, must h' 
ill
stufficient qtuantith: and nlust Colie ill a 

within tile recipieit's capacity to devel
oil.These are tie issues whichl rrA's ca.ssaia 
iriograll iscurrently addressing. 
Best from seeds. 'lhimake the nest possi
hle rIse of the vast genetic resources availahle 
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from ir., cassavaibiceders shotill be able to With the help of technical support frlom country network links (levelopment projects 
work directly with seedt populations. (:assi\° irr-\ al(l allied institutions, a numbnler of ald activilies throghoout the coulntry ill 
seeds contain the genetic raoge froio which countries have alrea(ly developed the Cal)a- ioultiplying and distrihuting iew c.ssavta 
hree(lers cali select arid prodtce new geno- l)ilit\' to use cassava seed il producing e, v:arieties to farmers. Rw\aodan researchers 
types for their particilar ne(Is. Seeds are varieties foi, release to their farmers. The have disseminated their material wi(lely 
also the easiest forio for transmitting proninent exaniples in the following para- aiong colleagues ill the other 10 nmemher 
gerinlplasio froni place to place, aod the graphs have also heen able to provi(le coontries of the Last and Southern Africa 
safest ill terms of (isease preven:iol '[he dif- gerliplasi or finished varieties to neighlhor- Root C'ops Research Netvork (EsiN<ix), 
ficult.: ho\ever, lies incoping with the vari- ing coltries vith similar iieeds. which lrr helped to foood inthe mid- 1980s. 
ahility ingeoetic traits expresse(l incassava ':aioeroon h:Ls ise( inproved cassava S Sierra Leone has iportedl irIr- illlprove(l 
frolm one generation to the next as well as seed froio rr.\ aod locally collected c,.sava seed an(l usedI it together w\ith seed 
inprvi(lig for the galillt of facilities and germtplasm to lree(l ne, varieties. which frlom their local collections, to pro(duce 
expertise which isrequired inbreeding fron yield insome cases more thai double the genotypes \vhich are adapted to their agroe
seed. harvest of the best local varieties. Ani in- cological conditions. Sierra leone caissava 

Most national programis can take asemi- cointry network was established anong scientists were able. in1991, to plan atpro
finisld, tissue-cultured lroduct throigii the research groups, development projects, and gra: to help colleagues inneighhoring 
final testing stages, and release it if itfills farmers, to transfer technologies to farn Guinea 1y 'eling semi-finished material 
their needs. Holt it takes five vears for irr\. in level andI addres, isstles intrainilig. on-farm for their own field trials and selection. Sierra 
the first place, to select anid iro(10ce ageo- testing, Iutltiplication. and (listribIution. Leone teals have mIa(le advisorv visits and 
type as a tissue culture. for transmittal to a Caieroon has shared its expertise and donated germplasm to (Guinea, (Glinea
nationll prograll. Moreover, the recipient is gerniplasm with other Central African coun- Iiissatl. lld the ll bia. 

restricted to the set of genetic tritts expressed tries innetworking activities, and has sent * Zaire has utilized inproved seed materi
in that plantlet. roi's goal isto enhanice the some of its genetic materials to FEquatorial als from rr.\ inpro(ucing high-yielding and 
breeding capahility of collahorating African (Guinea anid (entral African Republic for disease-resistant varieties which became 
programs. to enahle them to exploit the their research use. popular with farmers for good eating quality 
availahle genepool on an in(lependellt basis 0 Rwanda hLs developed its own improved of tubers and leaves. Zaire h:s provided 
hy using seeds. Thev' can therely save years caissava populations on inextensive scale. germplhsro to the (:ongo, and aZaiean 
intire selection of genetic nmaterial best stlit- from gernnplasn collected locally a(id breeder ishelping to develop the cassava 
ed to their nee(ls. importe( from iirr and elsewhere. An in- program inM'ala\i. 

AFRICA'S "CASSAVA BELT" 
....... • •a.. / 

GambiG./ ,. M... . "a.,a .igerChadChadDjibautiaa..... ,. "..,.,," 
Guinea Bissau GuMO F ,g 10.. . Sudan 
SierraLeone 

1•'Ie Bei"~lBea 
m 
croorr .. . .. . ... .. .: 

l4,",,.;t"" 

Ethiopia ... 

Liberia logo '"..t. 

Equatorial Guinea .... (Co* , {l Kaada _ wEquat / zi~o 
S•.ar :- Burundi 

CabiaTaanla 

-....... Malawi

is' 

.l l ,.que Mozamb 

Namibia libobwe l o am ia 
NmbaBotswana 

Swazilandouth Africa 
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Research inZaire has produced high-quality tubers 

from ITAseed materials, 


* Inaddition, national roo:t crops improve-
ment programs inBenin, Gaboi, Ghana, 
Liberia. Malawi. Nigeria, and Togo hav; :lso 
effectively utilized seeds of in:%-improved 
cakssava inbreeding their own varieties for 
widespread release in-cowntrv Farmers fromt 
these countries and others inVest and 
(entral Africa are participating with scien
tists intesting clones of improved catssava 
from irv.xand national sources. Scientists, 
farmers, and extension agents are being 
trained inrapid multiplication techniques, in 
order to increase availahilitv of planting 
materials of improved clones. 

Indeveloping its cassava improvement 
program. ii has exchanged germplasm 
with Centro Ihternacional de Agrictiltura 
Tropical (cl.vi)which holds the world's 
largest cassava ge,'mplasm collection..\ 
and CiT are irwroducing genetic material 
from different environments inSouth 
America. the home of cassava. as well as 
hbrids with Asian gernplasmn, for adapta
tion incorresponding agroecological zones 
inAfrica. 

Cassava improvement inAfrica links many 
countries itdifferent stages of program 
development, incollaborative efforts that 
have already scored notable successes. In 
order to accelerate the pace of selection and 
release of new varieties for their farmers, 
they should he working with alarger volume 

and range of gernplasml than they are 
receiving, including seed and vegetative 
materials. Mane' of then also need help in 
managing the on-site establishment of test 
materials. iT.Acassava scientists believe that 
their most impartant task now isto address 
these practical needs of their coliaborators, 
inenabling them to expand their own capac
ities 
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PLANT HEALTH 
TPostharvestMA.NAG E U Tl 

IITA'S Plant He.alth Management Division engages in basic 
and applied research on crop/pest/environment interac-, 
tions, in partnership with national programs of sub-

Saharan African countries. The Division develops and 
implements ecologically sustainable interventions for 
African farming systems, to provide solutions to today's 

plant health problems and prevent those of tomorrow. 

RESEARCH DIRECTIONS 

Reorganization of institute-wide plant 
protection activities within the new tPlant 

lealth Management )ivision. E'lmphiasis on 

holistic understaldilg of pest crop eniviron 
ment agroecosystemts as the basis lor prob-
emn-solving research. Approach based oin 

systemis allalvsis with sinIlatioi models, and 

interventions in biological control, host plant 
resistance. aid habitat manageilent. 

Amajor project on environinentally
SOtlll,ecchitlicall) sustina.bl plaitl hr dec-

cassava tc legin in foiur African 

couintries and Brazil Ijointly with :lV1. 
e (;assaiva iiealvbug: followup wourk ill 

areasalradv contrclled. Special effirts to be 

incuinted ill 

tiol for 

iewlv infested areas. 
* (Lssava green mite: releases of predators 

ilain agroeclgica! zones. 
Multipilication. release, and monitoring 
activities tobegin ill 

iln 


several national pro-
grains. 
* African cassava iiosde virtis aiid cassava 
bacterial light diseases: research oithe epi-
(leiiocgyaiid nature of their threat tic CLs
sava prduictioi. 

* Eliipihlsis on host plant resistance to and 
epideniology of black sigatoka disease. 
0 Assessiient of iimpact of weevils and 
inelatodes and Iotential for biological con-

trol. Project to continue ipro'iding basic eco-

logical, biological, and socioeconomic data 

*Neem: use of neci oil against grasshop

• pest i,+,pers<bidCO 

studies: study of interactions 
between pre- and postharvest pests in local 

storage system also, socioeconolic inlu
ec'es ( and storage practices. 
* Aspe,;i, lls/Iaius: sorvey of incidence to 
le condldcte(land aflatoxin extraction 
inctlhod to Ihedevelopel. 
* Larger grain borer: ecosystems research 
and exploration for natturl enemies in 

Mexico (areiof origin) and londtirasasa 

asis for abiologicil and integrated control 
program. 

* Locusts and grsslioppers: developtment 

of microbial control of locusts and grasship

pers. Multiplication techniques for 

most important production constraints ill pathogens to be developed for transfer tooil 

Central Africa and Elast African highlands. 

0 Elvaltoation of research needs, xised Oo 
review of constraints and capacities of 
national programs, 

* Research ci resistance meclianisms and 

cf host plant resistance tci stem bor-
ers. ill 
po)telti'il 


coiibination with biological control. 
0 Maize streak virtis: rcsistalice genes tobe 

introduced into liew varieties, pairticularly il 

southern and eastern Africa. 
0 SIIr/g: research ol the biology alld eli-

deniiligy o"the parasitic weed and its dis-
tribiticm all iliipact. 

txoilonW 

mass production, nd host plant resistance. 
* l)ownv niildew: research oli 

-0 

0 Emphasis iii frogeye leaf spot and red 
leaf bhltch diseases. Other diseases ald pests 
aid their potentiallimpact to le sttidied. 

0 (o)Vlea pest c(inlilex: develipment an0d 
execution of asustainable. ecologically 
sound cowpea protectioi project liased on 
data from nianv colntrics Explhration, 
quaralltie, initroductioii, and experimenital 
release of natural cienlies of cowpea thrips. 

national prograis. Large-scale field trials 
adoptability studies to le conducted.oand 


* Mango mealybug: followo) on results of 

biological control by one parasitoid, ai0[ 
introduction of a new parasitoid from India 
for areas still infested. Impact to be issessed. 
0 Water hyacinth: introduction and release 

enemies to continte. 
0 Weeds: Assessment of biological control to 

suppress major weeds. 

of niatura] 


* 

National program suplort: special fund 

ilng available to assist Ii contries. Emphasis 
resomrce development through 

degree and technical training. In-colntrv 

traiiing courses, involving researchers and 
exteiision workers, to le offered ill 

oilhtlllall 


addition 
to specialized courses atheadquarters. 

Sulpport services: insect nnise(in and 
seed health services to be develiped. 
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PLAN T H EALTH 	ailit to:achieve its olptiil'nlli health level 
1Ind, therelore, greatest possile lroductivity 

Ecologically mireitetd lalnt protection is
FOR bringing together ecologists. emitoinologists. 

pinllt pathologists, and weed scielitists tw 

SUSTAINA BLE address pest utbreaks aSp,'blens of 
ecisvrsteni iianagelnelit. Pest oiitl)rcksA GRI c ULTU RE solt no be treated ilcrenieitlly asp)rob-AGCRU L U R titI) ln eitne ihgicail 

cmilrol. or tgroiimnic practices mid habitat 
Guided by a concern for practical imanageient.' The ieed for self-sistai ning 
measures that national programs can solutions to pest pl)lens has inotivated the 
adopt and support, itrr interdiscilliim' effoIrt. lierventiouis thatisdeveloping 
its approach to protecting crops disript ecoliigical ftuctiouu, are iniiiized 
through the management of plant iii favor of techmologies \ hich pminmte eco-
health. The focus on health reflects logical statbility and atgrumoesstem 
holistic thinking about ecological sys- resilieiice. 
tents, while a management approach Such an apl)roatch also accommodates 
invites technological solutions. ictiois toirestore aid sustail the natural 

The cicept 1f plait health has evolved resource base, which isrtpidly hecinimg 
fromi tie \steilcis Iperspectives deve lied I degraded tiuder crlip pmhlductii Iii inahpry 
ecolgical thiiikinig ad experience. Plant l juiate techimologies. New pest prbletMs iure 
hmealth plaits abilit\ to reatl-fostered where inteiisified priductiom isper-isjudged by tih 
ize its iotic p tenti:tl withiu coltstraiutls mitted to erode emuvirommuental stability---
iiiposed b\ tilevatrious eliiemts aiid cmulli- especi:lly by mniimocroppiig varieties ttI 
tiolis ill the groiMlg elviomne it..*\ 	 narrow gemetic base :ildplnts high ineeds fir fer-
health caii be umeasured by its suscepItib~ility tilizers and pesticide:-. 
to. or hulera:tce ol'. tlepreltioii by l)ests Right for Africa. This approach to plamt
imcludimg imsects. iiiites. menmatodes. dis-	 health inanagenemi isparticularly suited m 

eses. and \weetls). Il such alperspective, 	 :agroecosysteins iniAfrica. where simill-scale 
plait pus)tectill ellrts take the roriin of farmers produce tdiversity iflocally ad:pt-mta:Mgeiment of tile 	 ed crops with few Iesomrces other thatn theiragoecos.stenm Coii-

strits. 'Thea[i isto prolliotle the plait's 	 own labirm 
__._____,_£;:r *., 

Tv,..w 

i:-, a,,,'.:,. -ci 


Plit health mnagement isu asetac 


ting aitiS to timtintai gool Crop iVJodctiitV 

within tile dvtmaiic bMtnce of 1irces inthe 
tgriiecosvste n. tusilg tColliuil:tutol plant 
breedtig antd svsteins managenient strae
gies. This ecoloigial approach to crop po
tection seeks to eliinuate the need to use 
eiiviroinettally iazatrdotis pesticides, whose 
toxic r-eshdues ieqomrdize tile httiegr-ityof tile 

food chiin and purity of water resources. 
Pesticides. a hMiirchased iiiput that wold 
coulsti\tlv have to he renewed, cam Als be 
all
ecUmntnc burden lr farmers.
 

Moreuier. tile
eculogical tIlproach works
 
to collserve :ild
eui hutce the efficcy iifthe
 
Iests' natLral eiieiiies. Pesticides geierally
 
have ainure (ev:statiiig iill)act minaturatl
 
enemy ppqulations tami on tile
tatget pest-
tle\, destruv those "Irienlds iof the fairer" as
 
well as deprive then of their foold source, the
 
pest itself.
 

Ilhere, platlllhealth mn:gemeit differs 
frimn iiitegratted pest nanatgelelt (Iri) ,sit 
iscurrenitly p)rtcticedl. imtintegrates genetic 
resistance, I~ioligical control mid cuilttual 
plractices with time jidicius use of pesticides. 
Plant health isthe logical evolmtion of II,.mu 
tilard a nmoe susttinable ecologically aid
econmnicaly siund approach. 

I umaging plait health fro ainecolog
ical peispective, the first step isto gain all

understanding of the dlnnics aiid the hiot

iiteiitiatls of hothi plait :aid pests illthe
farm settiiig. and their key imteractiins. 

Which \ill retl oppoirftmmities ior mnamiageil llimll.
ltlV The r-esearch shlttld he it 

teMull effort, aiiioiig scieitists ifvariumus dis
cil)lin.s as weil as etesinl agelts atd 
client flrmers. Comlputer-based siumlatiumn 
inuttels help illthe aillvsis of tle agriee
cosvstem with its pest )lant fitriner'interac
tiots. The nlodels can help develop a"pio-
Iriate technoligies to achieve plait 
health- --that is,to keel)hest poptlations at 
helow ecomumnuic damage levels without any 
ladditioial iitervntimn. 

Protection I'licassa\a cr-oipsinAfmica, 
where cassava has heeli iitruiduced froniln its 
native Suiuth Ainerica, was iilially based on 

Researchers explain to aBeninoise farmer how a 
"trap" crop planted heside the main cowpea crop 
attracts specific insect pests and thereby protects the 
cowpea. 
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breeding improved varieties with resistance 
to the two major diseases, African cissava 
mosaic virus diseLse and cassava bacterial 
blight. The results have been alasting coil-
trol over these former scourges. 

But the need for abroader management 
strategy grew during the 1980s, as two exotic 
pests. the cassava mealybug and cassava 
green mite. spread indevastating waves over 
the countries of tropical Africa's '.cassava 
belt". The mealybug and mite come from the 
saime environments inSouth America as cas-
sava. There, their populations d(o not grow to 
epidemic proportions because natural ene-
mies hold them incheck. The solution for 
insect and uite pests was foulnd inbiological 
control. which approximates the original 
ecological equilibriutim between host plant. 
pest, and natural enemy populations, 

The success of iM\',s biological control 
campaign against tile cassava mealybug had, 
by the 1990s, turned the project into amodel 
for environmentally sound and economically 
feasible protection for important food crops 
inAfrican farming systems. The cumulative 
experience with adual strateg., of resistance 
breeding and biological control, has provid-
ed the practical baisis for effective plant 
health management which isdurable and 
sustainable within the African agricultural 
setting, 
Evolution. Research, training, and imple-
mentation of control activities for several 
crop pests have helped evolve the current 
mnaigement strategy for plant health aimed 
at Irr\s long-term goal of sustainable food 
production. In 1979. the need for an added 
dimension to resistance breeding led to the 
formation of an Africa-wide biological conl-
trol project at irn. which had grown by the 
mid- 1980s into the Biological Control 
Program. In1991 these developments culmi-
nated inthe establishment of 'he iterdisci-
plinary Plant Ilealth Management l)ivision, 
which isdedicated to sustainable plant pro-
tection. 

Sustainable plant protection technologies 
can be grouped into three types of interven-
tions: biological control, host plant resis-
tauce, and habitat management, 
0 Biological control can follow three strate- 
gies: (a)classical biological control, where-
by ecologically adapted natural enemies are 
introduced from tile area of pest origin to the 
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target area; (b)conservation of natural eie-
mies present inthe ecosystem, through cul-
tural practices that enhance their actity 
and (c)artificial augmentation of local nat 
ural enemy populations. 
(I Host plant resistance, using the introduc-
tion of various plant ch,:racteristics through 
breeding, iswidely used and was once the 
backbone of plant protection research at uuuv 
In recent years this approach has been 
strengthened through biotechnology appli-
cations, which hold promise of accelerating 
transfer of useful genes within and across 
plant species. Biotecluwlogy iay be able to 
assist inovercoming matural barriers in time 
improvement of plant resistance to pests. 
0 Ilahitat management and agronomic 
practices for enhancing crop production are 
well known. but those for controlling pests 
are poorly documented. InAfrica the\- have 
hardly begun to evolve as means for coping 
with the threat of exotic pests and diseases. 
although traditioial sklsh-and-burn crop
ping evolved partly to help overcome weed 
problems. Systems research and good agro
nomic practices already point to t few 
including selection of planting material free 
of pathogen and pest contaminants, or high
quality seeds. Fallow management can 
reduce undesirable weeds, while maintaining 
desirable refuges for natural enemies. 

Many ecological and socioecononic col 
straints to crop production also affect plant 
health management. The weather varies 
umpredictably Water isinsufficient insome 
places or sea.sens. Farm sizes are small. 
sometimes fragmented, with uncertain con
ditions of tenure. Ilarsh living conditions 
engender poor health aniong falrmers. 
Women farmers are suhjected to less certain 
land tenure than men, less access to credit, 
and greater restrictions inmaking decisions 
about their own crops. 

Implementation of most plant protection 
technologies requires help from farmers and 
such agroecosystem managers as extension 
agents and researchers. Such acadre of 
managers, properly trained, isneeded to pass 
the knowledge and technologies along to the 
greater farming population, and also to 
complete the feedback loop to the scientists. 
lowever, given the day-to-day problems fac
ing farmers, their involvement mu1st be coin 
mensurate with tImegravity of the biological 

and socioeconomilic constraints being 
addressed. 

Ahopeful sign isthe considerable national 
capacity inbiological control which has been 
assembled throughout sub-Saharan Africa 
over the past decade. This capacity provides 
abasis for new work inclassical biological 
control and for developing other plant health 
interventions. Such activities ineach country 
will contribute to the development of enlvi
ronmentally sound plant protection all over 
Africa, on which the future of sustainable 
crop production depends inlarge measure. 



TH E SEA RC H _ 	 entists to einiark on an Africt-wide biologi
cal control project against another matjor 
-- g (PheL'acoccuspest. tie cassava mealyb

FO R THE RIGHT raneboail)bTile 	 is Aso native to 
Sot Aierica, but was discoered 

Zaire inl 1973. fow and when itcame toMITE 	
_"_________"l== 	 Africa is nt known, but itspread rapidly 

FINDING NATURAL 	 throoghout the Africain cassava belt after its 
Typhlodromalus limonkus, apredator mite of the cas- discovery TheiIA-led caillpigl began ill 

EN EMI ES FOR THE sava green mite. 	 1980. Withill 10 years itreduced the cassava 
inealybog threat to negligible levels inmost

CASSAVA GREEN MITE 200 million people depend on cassava as a of the affected cotntries, 1y establishing nat-
IN AFRICA staplle food. or,tl enemy species from the pest's nativeIN_________________ toll issevere-oup to 80% yield redoc- land. Biological control of the mealybogAFRICAThe 

tion ininfested fields. The Ipest now threatens continues to(lay inthe form of a "firefight-
After seven years of effort at biologi- )ro(ltlction inareaks where cassava mlay be 	 ing" force, to lend help to countries when 
cal control of the cassava green mite the only food ill drotght years. Itfeeds on the 	 fresh outbreaks threaten to get oot of hand, 
in Africa, where it was accidentally tonderstrface of yotong cassav'a leaves 	 esl)ecially ailonig the leading edge of the (is
introduced from South America, nTA throughout the yetr sometimes causing 	 persing population. It is also mobilized as a 
scientists have established two of its them to mottle, dry out, and drop. lleavv 	 training resource for strengthening of 
natural enemies, mite-eating mites, attacks call (efoliate a Ilant, but rarel kill it. 	 ll:tional progrms. (See article entitled "New 
in representative areas of Africa's Early efforts to control the cassava green 	 support to sustain, the success" inthese 
cassava-growing zones. Their success "lite. during the 1970s, included use of 	 pages.) 
has stenimed from application of chteicals and preventive cultivation prac- In 1983 research begfn on the biological 
ecological principles in searching for tices. as well as breeding to improve the cas- 	 control of the cassava green mite, with a 
and selecting natural enemies of the sava plant's resistance to the mite. After a 	 focus on suitable candidates among natural 
pest in its homeland. decatde's work had yielded no )ractical 	 enemies ill its original environents in 

\\hile control of the )est iav eventually results, however, tnew al)l)roaclt was clearly Colombia. As was the case inthe cassva 
involve acomiplex of eneiiiy species. the needed. mealybug project, serendipity led exploration 
achievement iiiarks ascientific break- Case for biological control. The explo- and selection at first-othing was known 
through: the first time that pre(latory mites sive outbreaks of the mite lring the dry at that tinie about Neotropical natural eie
have been used inthe tropics against a sen - season inparts of the cassava belt suggested iiies of the cassava green mite. Unlike the 
otis mite Pest of a major sulbsistence cro. that local enemies were few of not well good fortune of the earlier project, however, 

Farmers, especially those who )lant mite- a'tdapted to it.An ecological imnbahlce few of the initial enemy selections survived 
:iliscel)tible cassava varieties, will quickly be appeared to e.ist, which classical biological their African releases for long. Wy\? 
able to aplpreciate the imlpact of this achieve- control could redress. This puzzle lromlpted trA to characterize 
ment intheir fields. Ii Soutlh Allerica, Firstl\: ,s an exotic pest, tile cassava green the iattral enemy coiiiplex and identify 
resctich has shown that iiatural eiiemies minte woutld l)restiial)lv have natural eie- camididates for experimiieiital releases that 
lirotect cassava crops froni oie-quarter to inits homeland which could be illl)ort-imies 	 would suit the plest situation inAfrica. The 
one-third of the loss,:s normiiallv inflicted b\ ed to control the pest as they did back home. 	 tactic was to relate ecological principles to 
the catssava greeii mite. hii Africa. experi- Seconiidl,, biological coiitrol lose(l an ecolog-	 iriA's in-depth understaiidiiig of the key 
iiients i(licate that the )est attacks reduce icallV safe, pesticide-free siolution. Italso 	 interactions inthe African cassava agroe
yields of iil)ro\'ed cassava varieties by 30% seemed to be ecoioniically viable, given cosysteni, gained over the pIecediiig five 
at 12 months ,after planiting, and by inore focused leadership by nir, essential coordi- years, ill the search for enemies ine(lilivalent 
after loinger )eriods. mnatioll with iiatioll aid global institutes, envirolinlents. Finall, by 1991, after adjust-

The cassava greeii mite (,llononchLhls and filidiig prospects from intereste(l iig the foreign exlloratioi Irotocol alld 
lanajoa) isthought tolhave come to Africa domnors. Fimiall\y the exlpelielicy of abiological slifting emphasis to niortlieastern Brazil, rAx 
froiii Coloii bia. ill a sipmient of infested cotrol olerattioll was coiltpellilg--tlle scientists succeeded inestablishing two 
cassava l)laiitiiig iaterials. First sighte(l ill widespread niature of the problelii called for species of predaceous mites inarange of 
Uganda ill 1971, itquickly spread up and a solttion with iinimal interv,:tions 1)\ African cassava habitats. 
dow tile East Africall coast aiid within eight farmers, or by government extensioi ser- Getting the right mite. Acomiplex of 
%,arshad penetrated as far west as Nigeria. vices, becatse neither had the resources to efficacious natural enemies, combimed with 
"bday it is found inalmost all the comitries devote to a conitrol effort. raiifall and locally alapted cassava varieties, 
of Africa's "cassava belt", where more than Similar reasomling had earlier led iuTAsci- prevemts the cassava green mite fromi dam

21 



aging the crop inl South Aierica to the 
extent itdoes ill Africa, where efficient ene-
mies are absent and local v'arieties have not 
been selected for mite resistance. The mail 
pr'tbleit\was to select the right enemy species 
that would fit inthe :\fricai cassava agroe-
cossteiuis mind do the job. 

1ht1983 iT.6' l:tin Aierical si,',tcr insti-
tite, Centro Internacional tIe Agricultura 
Tropical (O'l r), began coopertting with VI"1 

inasearch for suit:lble enemies, Over tile 
next five years. (:1rsent to ill\ ,aselection of 
promising species of'predlaceous mites of the 
l1hvtoseiidae fiuiilv froi Colombia. 
hltoseiid niites have geiierally sh,'lu\ a 

good capauivIty to coitrol plaut-eatiig niite 

species. Aprt froii phitoseiids. other ilattlral 
eiieiiiies incluide spiders, iiisects. illd 

Priority Search Zones . 

inSouth America 

Pt~ionlone 


1 Piori two 


Priority Search Zones in Africak 

Priority one 

pathogens. But often they are less effective 
control agents since the attack tie cassava 
green mite only when ppolattions have 
reached relativly high densities. 

r..\engineered an elanbate iiteriiational 
network of activity to select and send phyto-
seiid populations front South America for 
mnultiplication anlld release inAfrica's cassava 
belt. All shipments of phyltoseiid enemy mites 
passed through quar:tine facilities in 
Elrope before being lorwarded to if., fol 
lo\\ing guidelines ofthe hnter-Africaun 
Iltvtosatnitarv Coiuncil oftlle (irganizttion 
for Africain Initv' (iot). iii\developed proce-
ldures to support mtass rearing of phvtoseiids 
iniAfrica, aid protocols for pack:aging aiid 
shipping thei for' experiIneiital releases. 

Field locatiouis for Africaun releases had to 

, 


R.,Priority 

Stwodry 

meet tcninlinalion of ecological require
nients. The release sites were chosen to pro
vide athigh diversity of vegetation apart frotm 
planted C:Lssa\'a, inchudin, other crops, 
weeds, and trees, which would help the 
predatory mites survive by .aflording themt 
alterntive food sources, The sites were also 
selected for the presence of moderate popl
hation densities ofctissaiva green mites. 
Releases were often timed for the beginning 
of the di seasont. when the predators would 
have the best chances lor survival oii an 
increasilg prey popillatio. Ide:ll the sites 
would be farliiers' fields with more thai30 
cassava planits of the sanie \ariety The cassa-
V in the release fields \\oilld usually not be 
reatdy to huarvest for amtther six to 10 Iiuontfis 
or iore, during which tiite tile establish
iienit oif the new predatolr popilattionu could 
be IllOllitored. 

Stretchillg its pruduction aiid logistical 
capabilities il ttremendous tetal effort froit 
1984 to 1988. irr\ with its nationual cillabiira
tors released :ltiut ,.i million i:idividiill 
muite:., frmn sevem diff!erent species of 
, ii,:olibiiiu origin, iin 1)African countries. 
Four of the species were foumd for atihe 
during dry seasons. but invariably disap
peatred duiring wet seasoiiis- iniie of thme 
predators ever becatme estaulished. 
Ecological keys. As ir\ aid ci 1scientists 
studied conditions governing outbreaks of 

the cassava green mite iii Africa. their 
uinterstaiding of the pest's biology and ecol
ogy grew ald could make uttlra] enemy 

selectio nore effective. Tllis knowfledge of 
poteiutiahilv liiiitiiig ecological factors fuelped 
to ,let crucial selection criteria: incidence of 
caididate predato'rs mmcassava crops, their 
prey prefereices, and their climatic suiabili-

As atresult of these agroecological systems 
amalyses, explorttioim ii Siutlh America 
probed niew areas whit corresponded. in 

areas inthe search for the natural enemies of 
the cassava green mile inSouth America (above) 
which are homologous with Indicated areas inAfrican 
cassava-growing countries (below). 
These areas correspond with habitats of the cassava 
green mite on both continents. Priority one: lowland 
forest-savanna transition and moist savanna (4-6 

months per year). Priority two: lowland dry 
savanna (7-9 dry manths per year). Annual mean 
temperature isgreater than 22 C in both areas. 



environmental terms, with African area 
where the cassava green mite thrived. These 
ecological "lhoniologues" were defined by 
agrometeorological conditions: temperatture. 
solar radiation, rainfall, and soil moisture. 

Il tile new exploration phase, in.aiid CI.r 
were joined by the Finpresa Brasileira de 
Pesquisa Agropecu~iria (tx:c\m.) of Brazil. 
They focuscd oi phytoseiids :ssociated with 
tile pest inboth tiiime and space, and which 
could feed and reproduce successfully on 
this prey. By 991 these explorations had 
identified miore than ", phytoseiid predattors 
and one pathogenic fiiiigums as potential bio-
logical control agents. 

The new stratv iminmediately yielded use-
ful results. ErMBINow:s able to locate two 
Brazilian predatory mites, .Veoseiu,/zts 
idaeus alld Iphlodmulls limoliius, 
which ill\ multiplied and begam to release 
during 1989. Through 199) aholit 1.9 illil-
lion of tile Brazilian phytoseiids were 
released at aItotal of t133 sites insix coon 
tries. with the help of national programs iii 
\\est Africa Beinin and Ghana). Central 
:\frica (Zaire), East Africa (Burlundi ald 
Kenya), and southern Africa (Zambia). 
.'iother 1.1milliom of time two species were 
released ili Benin. Burundi, and Zaire duriig 
199 . 

Success inestablishing tile exotic phyto-
seiids was confirmed by routine follow-up 
surveys during 1989. 1990, and 1991 which 
Iiie"Nured their survival at earlier release 

sites. N. idaeus and T'lim icus were 
recovered in\West Africa (Beenin and Ghana) 
and Ea.st Africa (V ideus inKenya, Z' 
Iimoicus inBurundi), 

Confirmation that an introduced species 
has established itself inanew environment 
comes with recovery of the species inthe 
release fields after several successive cycles of 
potentially limiting conditions, such isdif-
fercit selsons, shifting Ilod sulpplphabitat 
disturbance or mon-hiological catastrophes. 
Known as time recovery frequent}; this pro-
portion inBeniii for ,. idaells was 0.61 
(being recovery of N idlaeus in61'.'i, of all 
time release field,). Recoveries coitinied to 
he made during amean period of six months 
and amaximlm of (thus far) 18 months. (At 
aconservative estimate of 2.5 generations 
per mionth intile field. atsaimnle recovered 
after 18 months would he inits 41th genera-
tion.) For lmmicus., the recovery fre-
quency inBeimin was 0.71. with aiean 
recovery periicd of fioir mnonths :lid aitiaxi-
mum of II nillonths. (That would he its 28th 
generation. ) 

The recovery frequencies for the 
Colombiall plhytoseiids were significantly 
lower and indicate that nolle was established. 
The two highest recovery \alues foi- poplla-
ions frolm Colombia were 0.,50 for 'limmi-

cfs (CI.\.F.\) ill olV two fields and 0.47 for 
X id,us inmore tMhan 5 fields, but never 
during the \wet seison. The results for 
Brazilian and Colombian species aid l)opli-

lations dre compared inthe accolpanying 
chart. 

Recoveries from some hut not all releases 
suggest that tile different populations of 
)redator mites had different degrees of suit

ability for specific local conditiois. The most 
important conditions seem to have heen 
availability of alte'native prey and sufficient 
huliditv intile predators' licroeiiviroii
ilment. The variation iii recoveries also reveals 
that plivtoseiids of the same species designa
tion are not necessarily tile same ecological
ly-differen tpopulations of tile same 
species do not adapt equally to tile same 
environmental conditions. hi this case, the 
differences between tile Colombian and 
.razilian populations may warrant distinct 
species designations. 

The first evidence of suhstantih, Iimpact oif 
'limonicus oil cassava green mite ipoptla

lions recently came from a release site at 
l)ogbo, Benin, ol cassava which had heei 
cro)pped with maize followed by caissava oil 
poor, sandy soil Colltnuiiiouslv for ISyears. Ill 
this first impact assessment of an experi
mentally released phytoseiid, the predator 
had significantly redoced its prey population 
by 25, after only three months of interaction 
inthe field. 

The ltlti -seasoll anl multi -site results 
are promising for further achievements in 
the hiological control of the cassava green 
mite. Experimental releases of the irazilian 
predators continue. New colonies of these 

RESULTS OF CONTINENT-WIDE EXPERIMENTAL RELEASES OF ENEMY MITES INAFRICA, 1-34-11990
 
Species (population) 

Neoseiulus idaeus 
Tvphlodromalus limonicus 

Amblyseius verialis 

Eusius concordis 

Galendromusannectens 

Neoseiulus anonymus 

Neoseiulus idaeus 

Neoseiulus colifornius 

Typhlodromalus limonicus (ourA 
Typhlodromalus limoniCs (MAR) 

Recovery frequency 

0.61 1 Brazilian origin 
0.73 11 

0.00 Colombianorigin 

0.00 

0.13 
0.30 11 

0.47 11 

0.28 11 

0.20 _ 
0.00 

Typhlodromalus limonius (lEmNAA)0.50 11 

Typhlodromolus limonicus (rivyuo) 0.00 

Typhlodromalus limonius (cuieRA) 0.33 
Typhlodromalus tenuiscutus 0.00 
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exotic phtoseiiCIs are periodically staluted 
from field specimlns collected inAfrica, in 
order to maintain awell -adapted population 
base. Other [roiirig species and popula-
tions of phytoseiids froi differient 
Neoropical locations continue to be import-
ed, to widen the pool of candidates for test-
ilg. Frost-tolerant phytoseiids are being 
identified for eventual release inthe cassIva-
producing highlands of central anisouthern 
Africa. 
Afungus, too. Inanew experimental 
direction, ir, has begun :o pursue a 
pathogenic fungus found attacking the cas-
sava green mite in Brazil. Selected strains of 
species of the fungus .\eo: 'gies will be 
iiitrodticed into Africa during the coming 
three years inaproject to develop another 
ecologically sound, self-sustaining control 
for cassava green nite. 

I)uring the first year, inuculom will be col-
lected from nite victims of the fungus, for 
testing on aranige of cassava-inifesting mites. 
Suitable species of the fungus Will be selected 
for further research according to their speci-
ficitv for and virullence on the target prey 
(oilcirretl%: developineilt of iii-vitro pro-
(ItItiiotl techniiules will eilable .Veo-vgiles to 
be illo'k'e to A\frica. 

InBenin (ltiriilg the second year of the 
project, the efficac of the variotus species 
Will be deterliniled amiiong Mite popullatioIls 
of different densities ill different enviroil-

e'i~,u comlbitiatitois of teoiperattire. 
lltlli(lit. ail(l light. .\eoq'Yites ctltUres Will 
be iiiltiplie(l inl preparation for mass pro-
(ltictioii aiid experiiiental field releases. 
Scientists aild techniciais from collaborating 
ilatioilal programis Will receive traiilhig iii 
insect patlologv all! field release technilities, 
to be used later intrials intheir own coti-
tries. l)uring the thir(l year. the selected 
.\'ozlri/lt'.sstrains will be releasei ill Benin 
at appropriately tiinedi periods, to leteriine 
the optiial climlatic, agronoinic, aiid eco-
logical colitions for sLbseptaent oil-farm 
evaluations il otlier African couttries. 

A BIL O G CA
A B 
SO LUTION TO 

TH E LOCU ST 
_most 

SCOU RGE 

Swarms of locusts and grasshoppers 
are among the oldest threats to agri-
culture in recorded history, from 
West Africa to China, causing 
famines and migrations of the affect-
ed peoples in search of food. Not 
until the second half of this century 
did mankind devise effective means 
to control massive swarms before 
they inflict much destruction. These 
means are, chiefly, systems for early 
detection of potential outbreaks, and 
persistent chemical pesticides. 

The use Of persistent pestici(les is,however, 
no longer an acceptable solution, because of 
the long-term toxic effects of their residues 
inthe enviroiinient. 1)ieldrin. tile Most effec-
tive chemical for desert locust control, las 
beeni baiiedt inl all countries whiere conitrol is 
nleededl. Less potent imnsecticides afford iad
equate coiltrol aiinl reqiire Ilore frequtent 
applications, ieilce iilcrease the costs of con 
trol and lead to risks of tii(lesirable side 
effects. 

Classical biological control, wiereby all 
exotic natural enemy isinltrodiuced ito the 
pest's environment aiinl establisied for lonig
terill coitrol purposes, las claimed omlly oine 
suiccess: agaiilst the rice grassliopper ill 
Hawaii. Sonie iilsect ilatural eilemilies can 
effectively coitrol solitary pest popula
tiolls-Ilt not locusts iniligratirig swarns, 
wien thiey pose their greatest threat to crops. 
While some of tile locust's natural emlemies 
minahelI) terminate sici swariims, tleyo(10 
iot appear able to prevent them. 

One biological possibility loldts promise as 
all emviroinmemltally friendly alternative to 
toxic ceilicals-a "biorational" soltitiol to 
the probl,,n. Microbial patlhogels can be 
manipulated to suit variotis requtireillents of 

Returning from the fields with astring of locusts for 
family consumption. 

large-scale application ill place of chemical 
pesticides. P1otentially useful pathogens 
include viruses, nematodes, protozoa, bacte
ri',, anl fungi. Among them, however, only 
bacteria and fungi can be cultored on the 
required scale. Of those two, fungi are the 

promising-fungi can act as acontact 
tlesticile, which saves steps iii aprocess that 
must be accomplished quickly inthe harsh 
enviromnent where the pests are to be inter
cepted. lBacteria, on the other han(l, must be 
ingested b~l the pest before their action can 
take effec,. 

InOctober 1989 jr-,joined the 
International Institute of Biological Control 
0tiO) in the t K indeveloping innovative bio
rational means to control locusts aind 
grasshoppers. iiitt. had already embarked on 
key research on the use of afungus as a 
biopesticide. Field work Was planne(l to be 
conducted in Benin. at the iir., Biological 
Control Center for Africa, and ill Niger, with 
the 1)6partement (IeFormation en Protection 
dies \'gdtaux. Four (onor agencies agreed to 
contribute to the three-year program: tile 
Cantadian International l)evelopment Agency 
(cuID),,l)irectorate General for Development 
Cooperationi (u;is) of the Netherlands, 

-
1 
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Ov'erseas Development Administration (oD.) or conidla, are hydrophobic and thus diffi
of the UK, and the US Agency for cult to disperse inwater, but they can easily . ' . 

International I)e\'elopment (sAiP)). be suspended inoils. Asolution ofAI. 
Biopesticide. From the outset the project flavotiride conidIia inoil adheres readily to 
focused on two candidates from the insect- the pest. The oil protects the conidia from 
infective group of fungi kno\vn as desiccation by the air, and spreads to parts of 
deuteronlwcetes, which fulfill the require- the body where the fungus can penetrate atnd 
ments of a biopesticide .lle/arhizium and do its job of killing its host. 
iBeav'eria. The researchers aimed to find c)- istile application method of choice, for 
species of those two fulgal genera which both locust control organizations and farm
,'ould: ers, especially where water isscarce. 
0 be produced cheaply with low-teclnology Spinning discs or cages are used to produce 
facilities inde eloping countries, aspray of fine, evenly sized droplets, usually Spraying of the fungal condio suspended inkerosene. 
* be dispersed inan alppropriate meditm of al oil-based liquid such ,iskerosene 
1y aerial spraying technology for locust con- which resists evaporation. 0 environmental impact studies 
trol, or Iwhand-held sprayers for grasshop- The project research team at the uirr cen- Impact. While the research te'eii expects no 
per control. ter m:Benin were able by 1991 to produce a significant environmental hazards as aresult 
0 survive the harsh environment where the fungal pesticide, or mycopesticide, against of future spraying campaigns, tile risks of 
target pests are found, under high ultraviolet the grasshopper/onocews argiealus,a mycopesticide tIse oust nonetheless be 
radiation and low relative lutmidity locally prevalent species which had shown assessed beforehand. Tile foremost concern 
* cause rapid morta).lit, greater resistance to the fungus than others, isthe hazard to life forms with valuable eco
• be host-specific, unlike their chemical Conidia of.!../h'oiiride were cultured on logical roles: the insects, reptiles, birds, and 
predecessors. and not threaten other life in rice inplastic bags, then formulated in other creatures which serve as pollinators, 
the same elvirolInent-a vital desiderattlin goundnut oil with kerosene. Tests of the tox- natural enemies of pests, or benefactors in
 
in a biopesticide. icity of the mycopesticide inthe laboratory other ways.


Ingeneral, research plaitinig adopted :a and field vielded overall high mortality Experience inassessing environmental 

firefighting approach-that adult locust among the target grasshopper and other risks with mycopesticides islimited, but the 
swarms are the most viable target for inter- Sahelian species. including the desert locust pathogens involved aire not known to cause 
vention before they reach croplands. Ideall, Schisocena ,iregar/a. environmental problems where they occur 
however, control action should be aimed at The fir:;t field trial took place intile Lama naturall\ No fungal infections have been 
newly formed hopper bands before thev are forest insouthern Benin, during December reported to have spread from loctists or 
able to fly But the current political situation 1991, using rotary atomizers t) spray the grasshoppers to other organisms. Moreover, 
inthe countries where the bands form mili- mycopesticide on Z. mrhiqaluspopulations the environmental load of infective fingi 
tates against that approach. feeding ol the tibiquitous weed from spraying may be less than that of nato -

Field work began inBenin during October Ch'Iomolaena odorala. More than 90% of ral epidemics. The strategy for risk assess
1990, with ecological studies. Monthly stir- the grasshoppers collected after spraying had ment for the mycopesticide will be to define 
veys of pathogens present ingrasshoppers in been killed by the applied ftiigus. the potentially significant areas of risk, to 
Benin's fotr southern provinces, and occa- The project hosted aworkshop ol the bio- eliminate the inelevant ones, and to address 
sional visits inthe north, turned ipa range logical control of locusts and grasshoppers in the remaining risks with existing testing and 
of protozoa. nematodes, bacteria, and fungi. April 1991, attended by over 90 scientists evaluating procedures. 
Of p)rticular interest have been examples of from Africa and elsewhere. The proceedings The focus of research will be consumption 
the ftingi .lelarhi:umflar rirideald have been published by CAB International mm of infLcted locuists and grasshoppers by birds 
BeaurUai bassiana.Others doubtless English and French. Inorder to introduce and other vertebrates. and effects o benefi
await discovery1 but to date .1.ikuori !eis the use of the mvcopesticide to Africaii scien - cial insects '1rothers which iav mltdtiplv in 
the most effective as abiopesticide agent. It is tists, aseries of antial trainiig courses is fuiture intlme absence of control by locusts or 
highly infectious aimd can easily be produced plarmed, starting in 1992. grasshoppers. No adverse effects om peoiple 
on Itlarge scale and formulated for aerial Research inthe second half of tile project are anticipated, inl light of experience of 
spraying. will include: these fligal pathogens and experience with 

Project scientists have imwestigatedlL • firther ecological studies on grsshop- earlier use. Potentially nauseating effects of 
.jlaroviride,among other fimigi, screening pers and pathogens the solvents used inproducing and applying 
them for effectiveness against the desert 0 development of mycopesticide production the fingi are to be minimized and carefully 
loctist and experimenting with various for- facilities il colla': .rating countries monitored. 
mulations for controlled droplet application 0 field trials on Saheli ngrasshoppers and Apart fron these mycopesticides, the bio
(ct)u.) locusts logical alternatives to chemical pesticidesat tultra low volume rates. The spores, 
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~RESEARCHheinig researched ,ill take seeal datys to kilR 
their hosts. This solutioii will work where theE 
pests rie lot il iliiuliiate threatt to crops. 
With the (leveloptlent of eaI'ly warting oct-
works at the locusts' origios. ootreaks can 

ill flttie he (letected ioti me to elhle teat-
benlt with ell\ irolmentlly safe hiopesti
cides. far fioio the croplands we seek to pro
tect. 
Biorational. While classical biologictl 
control reminins the method (Iof choice iii crop 
protection, that ,tpproatch will lit llw.yts soit 
the ittfre of the prmllem ior yield gool 
restilts. ANiorationtl toemtns of control pro-
vi(les ow}ealte'nati e, e.'ntatilin Ise of .a plant 

extract, a[patlhge(, or al ilsect. 'tIe iora-
tioll:l rese:archer will (iee(I to (I iiiore work 
iu prepxarilig acailip:tigii tliaii ini o'rgaiizitig 
aIiological co ntrd lproject. ;tad tich iiiore 
\Iork thai i lir atchem ical pesticide operattiml, 
IhevetIl't(e:gils hol(ld llol than repay 
the .xtra effort. \\ith lltch-redolced en\'i-
ro(olettl damage, alid no hard currency 
co)sts, these tgllts light to he welcolned as a 
ilew tchndwllgv to relieve African agriculture 
If all :tlciellt scouIrge. 

TO
R T 

D EFEAT TH E 
STRIGA TI REAT 

Professor S. N. C Okonkwo of the 
University of Nigeria at Nsukka, 
an authority on the biolog)'of 
Striga, Is investigating why)), nitro
genfertilizersare observed to 
reduce Striga attack in thefeld. 
Among Professor Okonkuo' con

tributionsfroinmore than 20 
years ofStriga research are tissue 
culture sYstems that enable the 
parasite to be grown apart from a 
host-anessential techniqueit, 
tackling the complexproblem of 
thispest. it 1991, dtitring ayear's 
-abbaticalleave at mt, he began 
In-viirostudies Zo assess the 
effects ofnitrogen on Striga In the 
absence ofa host. 

Earlyfindingsfrom the studies 
Indicatethat nitrogendoes direct-

ly ihibilt Strigagrouth. 
Confirmationof these results 
could leadto development of some 

form ofnitrogenas anotheroption 

for control of theparasitic"witch-
need". Such a solution would be 
welcomed as cheaperand less 
environmentallydisruptivethan 
most herbicides. 

In thefollowing paragraphs, 
ProfessorOkonku'o provides some 
insights into the complexites of 
the problem, andhoe, current 
researchis approachingseveral 

prospectivesolutions. Theproblem 
in foe West African savannais 
describedin subsequent pages, 
togetherwith the urt program to 
defeat the Striga threat. 

'
 

I
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Prof. Okonkwo (right) with Dr. Nkem of Notionul 
Cereals Research Institute, Nigeria. 

What is Striga? Wthal loes it do to a 
*fiirm.and bow does it threaten agricil
lure in ,+fiica? 
Ilrofessor Okonkwo: ,YTrai,,,a i,atparasitic 
llIwerilig plait which inhatbits stvaialla 
grasslands over n(ltcli of Africa. Being a 
gree.n lllit, with a shoot aldlroots, it is 
solleti(lies called t p:trasitic weed'". '001 

\,'il]llo((t realize it was parasitic uinless y'ml 
(log it op and saw how its roots were 
attached to the 'oo(ts of its host plalit. Of 
gre:test cOlicerlI tol[s are those S/ia'd 
species which evoived t p:irasitic relatiollshifp 
with itIolocIts, or grili -Ihearing pllanlts with 
leaves ha\ilg lxttalllel veins ---cefe:ls il par
tictular. Other iliiportalIt ,11rl?,, species 
lriied evIoltiolllary "attanclilents", so to 

speaik, forI" broad-leatved pl:lts-sichi as for 
cowpea, or ill I.thiopia :tiid East Africa, for 
tolliacco. 

Beilig t parasite. ,,',a diverts its host's 
lutrielits to itself--in (((ost cases so effi

cielitlM that its effect ol its host ishighly 
debilitatiiig. FarIliers caln experielice losses 
ill their graili yields of al)out liie-thir(l, ill to 
their elitire crop. depentding ol the extent of 

the ilifestttion IThe threat to Africaul agrictil
tire istherefore treoleildIs. It is especially 
grave inthe liloist savanna of Nigeria and 
other parts (If \West Af'ic:l. where liiatize is 
stipfplaitilig other grain crops, the traditional 
staples of sl}rgitnli :d nilllet. Maize is 
mhllcli iliore slsceptilile tl S/rm a than they 

Maize isa 'New\\'orld'" crop which has 
[lot vet adapted tII/r m the way the ililige

ilItlS graill crops ll\e. S iille slrglilli) tl(l 
millet lies have deeloped a degree of tller

aice or iIlinltinity tYi tr, a,anod farioers 
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lave iianaged tolive with the level of (ltin-
age that itdoes to those crops. Maize, howev-
er.
isattracting farmers Ibecauttse itcal pro-
(It1ce higher yields thaii the other grains, 
wheni given the right amounts of fertilizer 
and other inputs. A:nd umaize issucl a versa-
tile conlodit ithas many uses andobrings 
good innies t farniers whluo have access to 
the right iamrkets. So,.imany fitriers ii the 
tlmilnust otntii tilesavatilila wlo C:tl fertilizer 

.)ndseeds atre switcliiig to maize. Tlme 
exp:tisinn ofa susceptille ne\\inst inatel-
aielv rief titte greatly incre:tses the poten 

til .r,,(a to expand. 
Acrucial :aspect to the threat lies inltile 

nature of reprnductinl. First nf all,'SIrW,, 

an cultural practices which can, redtuce 
them. 

\\''e iieed to kiiow muchi nore thaii we do 
alout tileway tleS,/bga plant fuiictioiis. 
Even the chemistry of germination is not yet 
Iully tnderstood--it was only in 1972 that 
we were abil'to characterize the main reac-
thlt caiithat stilltlates geruminiatioin. If\\e 
replicate this stillililus. we Cal trck tile 
VYrioa nito gerlinlating intileahseiice of a 

hlst. \\'itloutit a iost for its fond supply it 
niust die, for tie seed stores nIllyetiougl 

t(10( to carry the rootlet through its attach-

inlent to a host. Ifwe caii inthis manier 
reduce the S/r1,,w seelhaik inthe soil, fewer 
hIllts Will iiierge diiriiig the filowing Set-

Sir.a seeds are iiicrnsc)ically sm:ll --- ad the liust crop will fare much better.tilesoni 

hugest (iie ever iie:stre(l, Ibelieve, was 
half atillutnete. A\.' a Plait produtes 
tlou,,:ttld.of them each seuso. They lie on 
0 ntrder the soil surlIce and will [lot gerilli 
nIte. iiitil they clnlie iluto contact with t 
clheical: exuded 1y tIlt .(losoifa stlitable 
hust plait next totleni. Tihe newly gerili-
iiated '!'tla prIices rontlets. which are 
able to (isnilve the w:[lls of the host plaits 

)(it.n te conluictiig tissues.pelietrate t 
These I)ecuiie tileflod source for the grow-
iiig pr:ti.site. So one p'it if' p)obleitile is 
the longevity ifso inaii'v tinyvsee(ls, \hich 

calil reiain duintumamit for ttiy year's ad still 
be able to gernlinate. Time otiler part is time 
de;tstalillg uature of the relationship 
betweem the parasite aId its iiist. 

Io .)'ou see all'ypossi!ilil.'o a researcb 
h,'cakI,rougl.' thal could belp stop this 
mnaceo 
I'rofessom Okonkwo: Research to cutliqer 
the threat should take a nulmer uof 
appruuaclies il ortler orto yield asolutiili, 
Comiilliation of sohlutiolis. Itwould lie wronig, 
aiid iiscieitific. to rely oilasi;lgle ueais 

Amnog the aras inal iitegrated 
apprnach which shoul yiel an early break-
tlilOiigi. jutginlg froni tilecurrenit state of 
pIVWICeSS, isbreedilg of resistance to ,,.a 
intile!lost crop of muaize. Resistaice breed-
ing coli )rovide itiost econmniical aiid 
practicable coltrl ieastore. Uld its beiiefits 
cmtild be extended ol a large scale. 

Another ilportalt areat, which interests 

pelsoitmuistile mtfritrogiatilel980s ioemnable farnierslls: se fertilizerIaletialized I)v

isa Stippressant. Time effect of nitro-',,,a 


geii apil+icatiiiiis i fmers' fields, in reduc-
iig time emergeiice of'S/r/*,a, has been 
observed for sonie ve:ars,but we (hl't really 
kiiow vet whalt we are seeinig---ire we 
strengtheliig the bost platllt. which il turn 
hecnies better equlple(l tii resist S/r4q,? Or 
(lhes tile stippressnitrogen act (lirectly to 

S/Tr,,a? Nitrogen applicatiioiis couid lie 
anoither practicable control leastire. plo\'id-
el tile rec lllllended levels of iitrogen were 
uot too expelusive, lo' great einoigh to 1)ol- increasingly each year'over tilepast deca(le, 
lite the environlilent. The'y wol lhave the partly ill place of the traditioiallv cultivated 
(llttle alvanttage of ilicreasilng crol) pld(ulic-sorghumm and uithier crops. 
tivit%; wIiile imllibiting t/i at time slle 
tinie. We are develnpihg al iin-vitro s\stem 

such as resistance breediig to aro\i'lidefor assessing the effects of varied levels of 
sohitioii 1y itself. 'lb succee(d illai attack nitrogen ion S/r/a. 
against inenenlm: you slhold learn is iuch 
ats can about vulr eieiiv" resuiurcesyoutl 


befoe \,ii leci on vour strategy aim(l 
laiuclh an attack 

The bilogy iof the.7t.,,a plait ispart of 
the essential researcl, alomg with the inter-
acti isbetween parasite aulI h1ostpla1it, 
Field studies of.'~h,,a effects oii crop yields 
are als very iil)olrtauut, to assess yield losses 

THE STRIGA PROBLEM IN 
THE W EST AFRICAN
 

SAVANNA, AND IITA'S 
PROGRAM TACTICS 

The phenomenal spread of maize 
farming in the West African savanna 
since the 1980s carries the threat of 
its own destruction, in he form of 
the parasitic "witchweed", Striga. 
Improved maize has brought new
income to farmers, but-as an exot

ic crop-is highly susceptible to sev
eral species of St,Iga, a parasitic 
weed that has coevolved in Africa's 
savanna lands with indigenous cere
als and legumes. Sriga saps the 
vigor of its victim crop, decimating 
harvests and sometimes tting 
farmers to abandon their fields. 
tirecent (lecades poptlition pressure has 

forced fIarners to work the land ever iiore 
intensivel: to keep their farns viable itad 
feed inlcre:sing nitilibers of peiolle. 
Folttito sl.: tle right circumstances had 

toI)
begin inodernizing their agriculture: 
apprllpriate techm ogies as inputs, amiagri
culturll exteiisin system, griiwing urban 
aid illitistrial mimaukets, aId road networks 
fi' tralSpoi tatioli i those markets. 

lTie right crop for this ripe eciinuoic situl
ttion was ai iiipriived maize, develolped by

gtheitioscientists (uini l7 (s-high -yield

ilg. resistant to the n:1ior (liseases, and 
highly adtpted to growiig cillditions illthe 
iloist stallva ited mmaize,. Fariers have :1(11a 

Intensified falllliligof asiingle crop has upset 
an age-old agriucoligical baliice. Lemugtlw 
fall low Jueriolls and a (liversitv olcrops used 
to restrict pests, including '' species. to a 
moderate presenice aid level of (haulage. 
lntelnsificatinll has re(dumce(d or elilinatedl the 
fallows, ahonmg wilh their benefits of restaring 
soil feiilitv and umintaintiig tseetltak of 
competing flora. The Collbilitiuil of 
re(dtmce(l (i'ersit (ecliimig fertility, and t 
particularly stsceftihle crophave olue( the 
euironmentalis tism,S'r,,a priuhiferatilim. 

27 



The irig'a threat can be measured by the 
extent of cultivation of susceptible cereals 
and legumes. Inthe Nigerian moist savanma, 
for example. sorghum isgrown on approxi-
mately 5million hectares, millet on 4 nil-
lion, and maize on 2million. Cowpea is 
intercrol)l)ed with all of those cereals. 
l)ifferent species ofSl,ga are estimated to 
have infested 40% of all fields of those crops 
inthe moist savanna by the end of the 1980s. 
S,i.a also parasitizes other crops such as 
ul)laMd rice, ''hungry rice" ()qDilaria), and 
sugarcane. 
Strategy and tactics. Early inthe 1980s 

Ar\scientists began to combat the )roblem. 
initially through breeding of improved mniz,. 
varieties resistant to 91h'/1a l)'esitisi, and 
later throuigh other biological ald agronom-
icresearch. Iln 1989 irx decided to combine 
the diverse efforts in a concerted thrust. By 
1991 anmltidisciplinary group had grown to 
encoilpass 12 scieiists working inrelated 
al)proaches toward acomnmon understand-
in of (a)what settimigs and conditions are 
most propitious lor different .S/i'traspecies. 
and (h)what control measures are most 
effective against those species insuch env\i-
ronments. These scientists coordinate 
research activities with national programs 

' *' .,y- , 

--g 

throughout Africa and with universities and 
research institutes inimany parts of the 
world. 

ir.'s S/riga research grout) focuses on the 
following areas of activity: 
* Biology of Siriga species 
0 Epidemiology and population dynamics 
* Host plant resistautce 
0 Agrommic an1ldcultur,1l mianagement 
0 Biological control 
0 Socioeconomic studies 
• Training and technology transfer. 

Scientists from many disciplines compose 
the S/iga group. which isbased inmW's 
Plant llealth Management Division . Other 
scientists inthe various ur.\ programs for 
crop improvement :mod resource and crop 
management collahorate inS/,a-related 
socioeconomic sttdies, agronomic amd cul-
tural management, ad training and tech-
nology tranusfer activities, 

Striga biology. Several S/r,,a species 
idigenous to West Africa cause vield loss in 
maize and other cereal crops to varyinig 
degree: Xhermonbhica.S.asialica. £ 
aSera-,adS.Jbrhe'Sii.Cowpea issuscepti-

ile to ,. gesnerioides. 
Infestations of these parasitic weeds 

depend jin timely germination of their seed. 

. .:,rediuce 

Y ~-' :~<44~ 

F, 

j; 

'extends 

Control methodologies might be developed 
by manipulating the dynamics of seed dor
mancy and germination. Researchers have 
succeeded inartificially stimulating the seed 
to germinate. The S/rqa germnling dies if it 
does not encounter aroot of apotential host 
within afew millimeters inthe ambient soil. 
Similarly, certainlaiit species which are not 
Sirigahosts can stimulate its seed to germi
nrate, whereulm the germling (lies for lack 
of asuitable victim. 

Such 'trap' crcps could provide an eco
nomical meanis of control. Some have beeli 
selected and, together with low-cost materi
als for implementing the strateg ; are being 
hut inon -farm trial packages. 

An alternative strategy would be to protect 
the host from attack binMhihitingS/riga 
germination. Aprotectant for the host seed 
could turn out to be another economical tyfpe 
of control meatsure, so development of this 
possibility has begun. 

Aseed elutriation or sel)aration facility 
was set up at Ivrm'during 1991 to isolate anid 
count S/r'ga seed in a given amount of soil, 
before and after differeit experintetal treat
merits. s/riqa seed isespecially difficlilt to 
examine, since each seed weighs anl average 
of 5millionth of agram. Several legumes 
were evaluated together with maize for their 
combined effect inreducing the Sir/ga seed
bank inthe soil, incomparison with fallow
ig. Soybeai and a fodder legume 
(Aeschynome, hisix)were found to 

S.hermonthicaseed levels in the 
soil. 
Epidemiology and population 
dynamics. The occurrence of S/riga 

pecies intime and place, and their interac
tions with hosts and other plants and organ 
ismus, occupies much of the S/riga research 
groups effort. Ingeneral, Sirigaspecies 
occur ineconomically significant popula

tions in 'ie savanniia areas in est ald 
Central Africa, and inthe eastern and south
erri African highlands. 

InWest Africa, all Siriga species do not, 
however, occupy the same agroecological 
habitats. The southern extent of S.hermon
lhica isthe moist savannia, while S.asialica 

even farther south, inito the forest 

When Striga strikes some fields, farmers must 
abandon their crops. 
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margins. S.gesnerioidesoccurs indifferent 
forms-each iLs an affinity for a specific 
host plant, and so has a specific habitat. The 
niches for the less well-known species such 
as S.asperaand Sf/orbesii appear to be 
even more restrictive. The governing mecha-
nisms of those distributions are still poorly 
understood. Eventually the explanations will 
be usefll indesigning control schemes. 

An "expert system" isbeing developed with 
three interlinked mo(lels. One of the mo(lels 
has beeii designed to orienit research on the 

population dynamics of the various ,Sir/qa 
species. Another will relate the growth of dif-
ferent *hrga populations to (ledine in maize 
growth and crop production. The third linOks 
yield performance with a(loptability of 
Singa-specific teciologies. (See paragraph 
on Socioeconomic studies".) 
Host plant resistance. Mechanisms of 
resistance andI its genetic souirces have been 
studied because resistant crop varieties are 
promnising ecoomical technologies to ,dd in 
control packages. The group has, developed a 
method of.qSru,a infestation for screenhouse 
and field use which yields consistent infesta-
tions in resistance breeding trils. The 
metlod was put to use in field studies of yield 
losses in maize iiader different infestation 
levels. On -farm trials investigated bow 
S,qr/ga-tolerant maize varieties suippresse(d 

,'/ri'ia in farmers' fields. Thie(amiage 
5/r/,ga-tolerant lines showed significanly 
greater yields under ,S/raa pressure than 
no,-toleralt lines, while onilyslightly re(luc-
ing.Y/r a emergence. Farmers* reactions to 
the uI.materials have been favorable, 
Agronomic and cultural practices. 
The ir* group developed a survey methodol-
ogy to analyze the impact ofS/r/ga species in 
the farming system and estintate crop yield 
loss. Research characterizedSir/ga environ-
meits wwith analyses of crop choices, crop-

ping patterns. prevalence of sorglm, and 
pro(luictioii systems. 
Sh'l,,a farms intheenviromnents oii 

northern moist sa'vavina inNigeria have been 
intensively studied over the past three vears, 
collarlorativelv with the Institute of 
Agricultural Research, Samaro. Ageneral 
objective isto study the impact of changing 

prodluctioin systems, particularly intensified 
maize farming, on the (lifferent S/'iga 

species. 

During 1991, data from that exercise were 
analyzed to determine (a)whether some 
farming systems were less prone than others 
to develop S/riga problems, and (b)what 
control strategies would be appropriate. Field 
results show that cereal cropping with a high 
proportion of sorghum isthe most affected 
by Sir/ga of all systems, because Slriga pro-
duces seeds when sorghum is its host. A 
combination of factors seems to militate 
against Siriga reproduction with ar aize 
host plant under farm conditions. Ilence, 
under the right kinds of farmner manage-
ment. intensified farming of maize without 
sorghum may even reduce Sirq infestation 
levels. 

Other research (luring 1991 showed that 
intercropping of cowpea or soybean with 
maize reduo., Slr/ga emiergenice signifi 
cantl ; inl comparison with monocropping of 
maize. Applications of the herbicide dicamba 
together with nitrogen fertilizer significantly 
redluced .Yr/,a emergence, flowering, and 
seed production, which resulted inan 
increased maize yiekl. Aparallel experiment 
with dicaiba which involved traditional 
weed control practices of remonldiig, or 
heaping soil onto the planted ridges, also 
inhibited the emergence ofYSriga and yield-
ed maize crop increases. However, the same 
treatments with sorghum did not significant-

lyreduce Slriga emergenice. 
Biological control. Biotic elemeots of the 
Srr4a-maize system at Mokwa inNigeria 
arc being studied, on the evidence ofSir,,a-
suppressive conditions documented there 
since 1984. Preliminary research has identi-
fied possible biological agents and quantified 
their impact in farmers' fields. Potential 
pathogenic agents have been isolated and are 
being studied. Inneighboring Beniat, a 1991 
survey revealed some biotic factors which 
influence Sirga fecundity througlout the 
country Sh'iga growth appears to have 
"plateaued" or starte(d to decline inisoile
 
areas of Beninl. 
Socioeconomic studies. Tlhe irqa 
research group has developed a niodel whicl 
will predict the adoptability of different con 
trol measures with respect totheir impact on 
yield and the cost of their implementation. 

The ilodel ispart of an "expert system'" 
(lesigited to pre(lict the efficacy of those ica
sures incontrolling population growth or 

decline auong dlifferent Sir'iga species. The 
idoptabilitovnodel will help the group to 

determine the cost-effectiveness of the entire 
research progam. 
Technology transfer.Training programs 
in conducting research on the various Syriga 
species aid subspecies, suisceptible crop var
eties, and(cropping systems have been inple
mented at Oational facilities in liurkina Faso, 
Cameroon, Cate dI'lvoire, Nigeria. anldTbgo, 
as well as at irA. Tle Pan -African Nrioa 
Control Network (WAscoN.: an informnationi 
netwrk flded by the Food and Agriculture 
Organization of the Uinite1 Natioms) has pro
pkd to expand the trainilg to 12 additional 
countries. The irrAgroup has begun to pre
pare a mlantal on Sir/qga- maize research 
inethodology for this program. 

l)urini,, 1991 the group also extended its 
method of spot infestation to collaborating 
programns inl Cameroon. Ghana, Nigeria, anid 
Togo. 
Supplementary strategies. Current 
control strategies rely on resistant crop vari
eties, trap crops, andI agronomic practices 
sucl as crop rotations and weeding. The itTA 
Sir/ga research group isalso developing 
germinaiion stiomlatois and inhibitors, antd 
methodologies for biological control. The 
group is(levising a decision-Iaking strategy 
which links different packages of control 

measures with (lifferelit S/iga population 
dyinamics and socioeconomic conditions. 
The aim isto create a capability to tailor 
control packages to local conditions and 
individual farmer needs. The group iopes to 
see substantial results of its research trals
lated into practicable technologies at work in 
farmers' fields within the coming three years. 
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RESO URCE AD C OP 
iA A G EMET 

The Resource and Crop Management Division conducts 
research on the physical and social dimensions of the 
farming environment and on technologies which 
improve farm productivity on a sustainable basis, i col-

laboration with national programs in sub-Saharan 
African countries. 

RESEARCH DIRECTIONS 

0 IDescription, measorement, classification,. 
aiid mnappilig of the biological, physical. 
chemical, and socioeconomic characteristics 
of the IITx mandate area. 
0 Quattltification of futdameltal relation-
ships amiong factors contrihuting to the sts-
tainahilitv of food prodtctioi systems. 
Process studies (for example. hiological reg-
ulatiomn of Itrient cycling physical factors 
affecting soil fertilit\: factors regulating 
interplant colmlpetition) to contile ,n non 
acidic and acidic soils, including the low-

l1RE____________________phosphate acIid soils, at the new llnid 
Forest Station at Mbahnayo, (ameroon. 

)evelopment of indices for ineasuring the 
sttstainalility of small-scale cropping. 
0 )evelopment of multipurpose agro-
forestry systems Which combine improved 
soil and weed mnamtgenuent, 

Dl evelopnlt of econouuically viable and 
sustainable fallow muanagemicot systems 
incorporating herbaceous leguumes. 
0 Assessment of agricultural sustainabilit' 
trader traditional and improved resource 
managemnent methods. 

0 On-fitrm testing and validation of new 


technologies, emphasizing alley farming 
Uuder different socioeconomic conditions. 

* )evelopment of systeil siulition Ilod 
els, emphasizing.; iitercropping, nutrient 
cycling inalley farmitng systems, an(d eco
noiics/ecology of inland valleys. 

* Ivestigations of resource use and pro

utictivity jlwl)lenis ili cassava-Iase(I inter
cropping systems. 

Investigation of the adolption and impact 
ofimproved cassava varieties. 
0 Collablration with national institutes, to 
itiprove cassava inlercropping ill alley farn

ing systems. 

0 Characterization and classification of 
iiia'ze-lased farillng systems inthe imoist 
savanna. 
0 Investigation of effects of intensified 
maize farming olir/ga infestation. 
0 I)evelopment and testing of cultural 
methods for control ofSir/r,,a and improve
ment of soil fertilitv: 

, 

0 Claracteriz,tiool and classificatiol of 
inland valleys ill West and Ceutral Africa. 
a lDevelopment of models of environmental 
and socioeconomic processes ininland valley 
agroecological systems. 

DI)esigni of techmologies oi interventions to 
improve land use and nmmgement prac
tices. 

inAfrica Is 
Investigating cassava production impacts and 
problems in14 sub-Saharan countries. 

TheCollaborative Study of Cassavw 
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UN DRSTANDING hterdisciplinary groups of scientists use crop noia:gement, mnany years of daily data 
Ethis information indeveloping crop varieties on rainfall, iaxiiloo and miimon tern-

THE LIMITS OF and faring practices to suit the enviroi,- eratores. solar radiation, and l)oteotial 
meit wvhii can increase firmers' producliv- evapotrilspiraition (the amount of water 

THE FARM ER'S it%: iieeded to sustain vegetation inaj)artiCtilarhit whicl do not comiproiise tle pro-
duction potential for posterityv The goal isto area) are required. 

ENVIRON M ENT - replace prodictioo methods which degrade Since (idt are not forilalNefrimany 
the resource hLse with methods that ire African countries over sufficient time peri-

AGROCLIMATOLOGY eiiviroiineimllv sistainahle. ods. irr las develope( "weather estima-
AT IITA )It relevant to Africa on climate,)athses trs--computer-llsed models which sini

soils. v'egetatioi imclidiing forest cover and eilate aseries of daily values for rainfall, 
In meeting the challenges of Africa's crops. toplogratl)i, popolation, and other maximum and miiiu teml)eratures. 
rapidly growing food needs, one socioecoiioiic and farming systems-related solar radiation, and potential evalotranspi 
indispensable tool is a knowledge of information were comnpiled at ir..%duriig ratiol foir specific areas. hMsed oiexisting 
the natural environment and the l990 and 1991. with hell)froim the Ceutro historical weather data using aset of Ioca
uses of its resources. The character- tnteriiaciooal de Avricultira Troipic:il yiA!), tion-specific limits. Aweather "history" for 
istics of the environnent, its capaci- the Food and Agricilture Organizatioiin of the the whole of Nigeria has, for example, [een 
ties and limitations, determine United Natiois I.), and the Iited Nations estihnated durilig the past two years inthis 
potential agricultural production. Eivironmuent Progranune 0 \l).:), manlier. 
Armed with an understanding of the lHistorical dal' welther data were The collection of actual and simullated 
physical limits of the agricultural oltained for several Africai countlries, for and ci- researchers to(ata has enahled ir..\ 
setting, researchers can develop use iin jointly develol) conlilent-wide grids fordetermiiining the extent of cliimuatic 
suitable resource and crop technolo- change diring the past 30t years. tPreliomim'rv Africa and South America with aili inlfora
gies which can help farmers realize amalvsis reveals that rainfall has decreased i1 tion series for every 100 square miles of land 
the most from their efforts. hothi anmount and duiration. area. With priomiary iiuformuatioln auomt rain 
lIT'.'S the weatherresource amd crop Iilammgeument strate- 'ear-to-yeair variatious iin fail and soil resources, scieitists caI estimate 
gies irehased oii such ai uiderstading of have awidespread environmental ilmipact the waterholding capacit\' of the land and 
the agroecological emivironmuent aiid the ele- which results ili great variations incrop leugti of the growing period forhence time 
uneilts goveriing lprodictioi. The approach yields. Ilence, wealher isthe ioma risk to he rainfed agriculture inthat location. Water
hegihis with comiling arange of informa- taken into accotnit inagricultioal decisioi- hased transport also (iepends on raimill. A 
tioi alout eiiviroilieiital characteristics, muakiing. Ili the analsis of weather impact on variety of crop inanageier, applications is 
tarniing systems. and a range of sociocco- agriculture, aid inmany applications relat- possihle with the use of such information. 
nolic inudicators. ed to soil mailagenient, water coitrol, and agroecolog-Using simunlated dailh data oil 

icalconditions, acrop iuodel canoivercoie 
CALCULATION OF LEAF, STEM AND GRAIN DEVELOPMENT [iie lack of actual dlata to serve research pur-

Poses where oiihistorical series exists. Agm/plant 
120 -- which simulates crop yields uder___ _ _iiodel 

1991 Season 1 arios coniditions, iicloding weatlier and 
-- SI i farmmer iiplits.cai help inassessing the risks 

100 e mean o dnd determimiing manlagement optionls ii, 
ALeaf proIducing agiveiicrop in a particular loca

1Stem ---- N to 
80 I Grain - tiliT\ tested such a model to siouilate maize 

........ during the 1990 ad 1991 grow... .priduction
60 - A ilng seaisos inIhadaiu. ano area characteristic 

of the forest-savanna transition zone in 
-
40 - A southwestern Nigeria. Tlehc model, developed 

Ar 1wthe Iiternational Benchmark Sites 
Network for Agrotechnologv Traiisfer 

20 4 -A (lmSNA..v)at time I lliversity of llawaii, was 

A,,"/ designe(l tI predict phy'siological processes oif 
.... , growth aiid crop yield over dlaily tiimekplamt 

Day of Year 120 140 160 180 200 220 240 periods, simulatig the )rocesses Lsthey are 
thought tooccir inlthe real plalit. 
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Tho consecutive years of field observations 
of asole crop of maize showed excellent 
agreement between simtulations and actoal 
above-ground development of the biomnass, 
interms of the dry weights of stein, leaf. and 
graini of the maize throughuot the two sea-
sons. The accomlpanying table shows how 
the simulated calculations of leaf, stem, and 
grain development over the 1991 cropping 
season fal alrmost perfectly wilhin the means 
of actual performance. 
Resource information system. l)tring 
its 25-year history irr has accumulated sub-
stantial records on soils, crops. diseases, 
pests. farming systems, and economic factors 
which characterize various parts of sub-
Saharan Africa. irr's newly developed 
resource infoirmation system (,os) has hegun 
to make these data accessible by personal 
computer. 

ws provides awide range of geographic 
information on specific areas which tradi-
tionallv would have required use of maps 
and compendiumls of data. Given aset of 
longitudioal and latitudinal coordioates, it 
can pro'ide avariety of information on that 
specific location, 

For hasic research uses throughout its 
mlan(late area, iiiA ha;s begun to establish a 

trol purposes (see article -The search for the 
right mite" on pages 21-24 of this report), 
the ecological equivalent of the mite's 
African habitat was located inSoothitT.,\'S 
America, where predators of the mite were 
subsequently discovered. The validity of the 
technique was confirmed after the predators 
had been imported and became established 
inselected areas of West and East Africa 
which matched their areas of origin. 

Some of the more frequent mis applications 
include selection of survey sites, delineation 
Gf agroecological zones, identification of 
suitable environments for crops with specific 
characteristics, and ecogeographic studies to 
guide germplalsm exploration aod preserva
tion. Survev results can be linked with basic 
biophysical data (such as climate and soil) 
and socioeconolic data (such as pop'lation 
and income) indrawing ott conclusions for 
policy action, as illustrated inthe following 
example. 

The acconpaniying map of coastal Vest 
Africa characterizes the regional environ 
meit for inland valley agroecosystems. The 
dots represent uinits of 100 square imiles 
each. colored according to soil type which 
can indicate suitability for various kinds of 
crops. The soil types have been indicated 
only for those areas which have other specificminimum data set for access through the mwms. 

The ndimunolata set comlprises clirmatic 
variables, terrain and substrate variables, 
production systems, and socioeconomic vari-
ables. 

Besides informatioo storage and retrieval, 
idis can analyze spatial and descriptive data 
and establish spatial relations among them. 
Researchers have used itto examine links 
between specific rainfall aid temperature 
conditions and the incidence of pests. For 
example, inthe search for anatural eneny 
of the cassava green mite for biological con-

characteristics-in terms of climate, popti
lation density and per capita income-that 
fall within the planning targets of agricultur
al policvmakers. This information can help 
inthe estilation of the food production 
potential of inland valleys and indecision 
making on land use and management. 

ms provides an integrated base of wide
ranging data which facilitates analysis of 
resources, cropping systems, population, 
livestock, pests and pathogens, and many 
other variables innm's mandate areas. Rapid 

availability of usefol information ishelping 
to focus development of new technologies 
more precisely to suit specific needs among 

national partnc's inagricoltural 
research. 

O1Lithosols 
O3Luvisols 
o3Acrisols 
o]Ferrolsols 
O3Arrenosols 

Soil types Inselected West African countries where 
the annual growing season Is7months and the popu
lotion density Isequal to or less than 30 people per 
square kilometer. 
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ON-F AM 
W I l 

RESEARCH 


G O A LS 


ATTAINED 

NIGERIAN SCIENTISTS 

TAKE OVER VILLAGE SITE 

On-farm testing of technologies is as 
old as agricultural research itself, 
but only recently has it become 
widely accepted as an essential step 
for research institutes to take in the 
search for adoptable technologies, 
inmA's commitment to on-farm 
research, and to the principles of 
farming systems research ingrained 
in it, has been extended to collabo-
rative activities with national pro
grams. (See article on research col
laboration in the International 
Cooperation section of this report.) A 
significant instance of this occurred 
during 1991 in the transfer of 
responsibility for on-farm research 
facilities, jointly developed in south
ern Nigeria, to the University of 
Ibadan. 

Tihe farmiig ss!ems approach to agricul
toral research wls evolved during the 1970s 
and 1980s )artly becaIUse research results 
were not. intropical countries, reachiig the 
farmers. Faring systems research (lirected 
scieitific attentioii at the farm settiig, and its 
various constituenlt elements, which could 
hell or iiiipede the small farmer ii alplying 
lne\
technologies to overcome pro(lction 
conistraitls. 
i1.\
scientists coltribilted to development 

of fanring systems concepts and methodolo
gies. with characterization of the farmer's 
resotrce base and (iagnlosis of farming con 
straints. Tlme rrfarming systelms program 
researched prototype technologies, with the 
iim of iaking them available to iiational 

Student researcher from University of Ibedan seeks 
Ayepe former's opinion. 

agencies to modify and adapt to the slpecific 

con(litions prevailing in their countries. 

Early inthe 1980s n'..\began condulcting 
on,-farm research in,several locaticts, to test 
new technologies and imiproved metliodoo-

gies trLin(er the real con(litions for which tie%, 
lhad been (esigned. Research sites and work-
ing relations with farmers were builtop from 
1986 at Avepe, avillage inOson State (for-
-merly )art of Ovo State) insoulhern Nigeria. 
Afield hoose was constricted with space for 
an office, asimple laborator,iand accom 
inodation for temporary stays for op to eight 
researchers, field staff, and stodents. Agen-
erator, a (Irinking-water well, small motor-
cycles, and other amenities were provided. 
Site development was financed by the Ford 
Foundation as ameans to sulport 1'r\ill 

boilding op acollaborative program inon 
farm research with national agricultoral 
research instituitons. 

From the ontset, iirrndeveloped the site 
jointly with the (leplrtiments of agroton, 
agricultural ecoinomics, and agricolltural 

exteosioi of the tiiiversit%of Ibt)da. Tihe 

liiversitv had beeii anmog the first national 

institLtions inAfrica to a(hopt farming svs
terns research coicel)ts, :an(tla(l coo(locte(l 
ilnovati\ve research inintercropping fromn 
early inthe 1970s. The Ayepe site provided 
the IUniversity with atraining facility for its 
stldents, manv of whom conducted their 
thesis research there uler the joint supervi
sion of Uliversity and irr.sclitists. 

The intentiol from the beginning had 
been that the Ayepe facilities woold eventual 
ly be transferred to the University of lbadan. 
Fle transfer took )lace (hiring the coorse of 
1991, infulfillment of the fonders' plans. 

Responsibility for the site passes to two 
committees, on policy and on research, and 
to asite supervisor for operations and 
research from the Univrsity's agronomy 
departlent. The policy committee iscom
posed of the heads of the participating 
University (lepartments, the director of iITA'S 

resource and crop management division, 
and a representative of the Ministry of 
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Quantilying the results of an Ayepe on-farm 
experiment. 

resiltant technolopv to frliers.they shold 
he intimately' involed intile on -fair testing 
process. larlv collahoration call prevenlt fric
tioli thai coull arise betweeni the twl if 
extension personnel feel that researchers are 
intruding onl their territory 
* The most relevait resnlts will come otit of' 
maximal farner involvetnent inthe trials. 
T!,c rc:;carchers should fild fariners who are 
geriiimiely interested intesting tile nlew tech
nlogies il their own fields. If tile participat
ing tariersare simplv making their land 
aLvailahle for re.earclers to comduct trials, 
the research will aililillit to little iliore than 
on-station trials ill fariiers fields. 

\griculture aiid Natural Resources. The ducting on- faril adaptive research. Late ill 18 . tile year helore Ayepe was 
research collinlittee iscolliplied of scieiitists Prototype inmiovations Callilot, lowever, he developed as aresearch site. scientists froll 
activdv involved ini field work at the site. effectively developed without some explsure deparillnents ofIiL\ and time gronlomml., agri 

.\vepe will thils coltiiiie to provide tile to farimig clditioLs. Scientists il tile inter- cultural extension aid agrictulttral eco
setting for traiining of IUniversity students natiomnal centers need direct contact with nonilics at the I ni\ersitv of lhadai. together 
mider real farii conditions. It is likely also toI African tanners to observe farllers' coil - with Milistry of Agriculture aild Natural 
develop intu aiillor toil intile advalcenmetnt straints and prolblems. Theyineed afield lah- Resources officers, conducted alninformal 
of' farmlting svstemns research among Nigeriall oratlry to test how realistic their ideas are - "diagnostic" survey f faining svstens int the 
inistitutilos. thnogh the National Farming whether their technlllogies offer aml\ real area. The grllip developed preliinary 
Systems Research Network. The site is advantage over what ftrnilers are already Ihilpotheses aIholt timemaill prodiuction Com
expected to beclle :t trahling facility for doing or ()n-fariln testing cal thls straints, aiid held village ieetings with,sing. 

teais froin network member institutes. help avoid time costly inistake ildpushing new farmers to discuss options for field research
 
Ftniding for the site continues to conie froni techilology to tile faril which flariiers per- and iiterventiois.
 
tile Ford Foundation, which also supports tile ceive as iot being iusefnl. Over the years the work at Ayepe covered a
 
iietwork, so sponsiirshlip for the enlargeneut Moreover. iaional institutes create a wide raiige of topics, including slicioleci
oIf Ayepes role iPalready ill place. strong dellialld for training ill oi -farl iollic aind agrllollnic characterization.
 
Roles in the system. Intile estal ished research techniques. International centers studies of soils, vegetation, and crop pests,
 
system for on-farm research, tile role of an cannot possibly resIiil toisuch trainingi testing of new or improved crop varieties.
 
international agricultural rese-arch institnte deimatnds unless they have firsthand experi- fertilizer anil weed clntrol practices, alley
 
isto devellp nmew materials and protlyp, ence oin the farin. cropping teclhollgies. and modelling stud
faruling practices, which are fiirtlter refiled. Early ill tile 1t80s, therefore, Hl..\ ies toIquaiitify prllduction clstraints.
begaii to 
tested, aiid adapted by national agricultural hecome increasingly involved ill research ill The researchers maintained a high level of 
research iinstitutiis. E.xtesill services and farmters, fields and intime training of African farmer involvement inthe \\ork. Farmers 
development organizations usually help to scientists ill on -larnmresearch ilethuiods. participated iii design and in ianagenielnt (If 
carry the testing aiid demmstrationm flrther The procedures fillr on-farm research are trials to: tllailnial extent. 'Ifhey met regullar
ineach partictlar c nmmtry not rigih, amid methodology isadapted tI the I\with tlme researchers aiud extension officers 

hi this process, on-farim research ispart of researcher's own resources, capahilities. and ill each case to evaluate results and plai fur
every iiational research svstenu's function of available disciplines. ther activities. 
adajlting such techliogies for utilization Main actors. The essential features of sidh Iniversitv studemits and tir Smipervisirs 
utnder local cohditions. Every research insti- aresearch eiiterprise are time interrelations participated ill all aspects of tile research at 
tute inAfrica shoth have its own un-farm aitlmig the mailt actors: research iiistitute, Ayepe. The evolviiig activity at the site 
research capahilit\ closely tied with extei- extension service, aid fariiier. atdvaliced farmling systems researchias adis
sion agencies aid, ifpossible, am iiistitiitioii * 11- cipliit ill Nigerian tumiversities. The partici-The institute illust conidutct its i farltl 
of higher learnhig. Ill Nigeria. several such research ill close cooperation with extension patimig universities, tile agriculture and miati 
mixed teaims ahready colperate with state or development agencies. Since they are ill rat resources unlimistr\: and lII\ foried :ajoint
agricultural devehupnenl projects in cmiii- the est poisitio to disseiate tile final research eolummittee to review all research 
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activities. The committee assessed aid 
approved Ford Founidatioin grants iade 
available to students inSupport of s.sc and 
hi) thesis work. Avelpi lha 'eenthe field site 

for rese'a.rch for a total of 14 \I,,c theses and 
I i 'h) theUS from I)96 through 1991. 
Adoption. Airoig the events marking tile 
transfer of :\vepc coStodianlship was a s\'In-
posiorn. :where tie strengths and slortcoi 
ings of previus work were reviewed. .\ major 
cOncern was the low adoption rate of several 
of the te_,l olgies tested in this on-firl 
laboralory. The Smile complainlt isheard 


ill rlar other :trt:s Wl. 'and isone
s w, 
hidi agriclilt lal research ill Africa moost 

address. 
The rnost succe.ssftl teclriolong has turned 

out to b",all ilrromed cassava kiriety, lI\s 
-()j72, which1 is wl\vidlvl,, grown iin A\epe 
as aresult of te.sts infarillrs' fields. Its supe-

riorit r 'i eld iscollspictlous. while Ilirilti-
plicatiori by tile ':trme'rs thieirseles poses rro 
pro'lells. 

Adoptioi of' irripraived Irraize arld fertilizer 
has bee veryermodest in Avepe, rrainlv 
because supplies of inpfuts have rot kcell 
reatlily available. SoMbean. introdiUced as a 
crlp for hlousehold counsurlption. ras found 
l siall licle. bill adoption is rlot 
v,idespread..\ vigolus effart seerris to he 
needed ta prirrire sivaMis ill tire hOCal diet 
:s air alternative or' in addition to cowpe:is. 

The A\epe vrdict ol alley Cropping isnot 
vel rort. but farirers appear r)it to have fonld 
it sufficiently attractive il combination 
with tile staple foml Crops ifniaize and cas-
sava: -to jLstify tire extra labor illputS. \lost 
of the farulers had riginally iinterplaiuted 
hetdgerws ill their alley Crapping trials with 
impro)ved ail paliris at a rvatlersitv :is :a 
"carrier cr(q)" to priiue some tangible 

retaul+r.sigirificafiu: after hrarvesting tire 
frood crops. several if themi Continued to 
pruie tire rledgrms adjacent to tire iil pais 
while letting tire rest oafthe field revert tafal-
raw They appear to consider tire rail iahn 
illore importan t thn tire ledgel'aws. 

The ow rate offleclilriogy adoptionaIt 
Ayepe night possibly lie explained he: 
0 Innvatiors which are nit as good as 
researchr's like to imagine. 
• Extensior arid inputIdelivery systemris 
which are ineffective. 

Allave all, tire innovatir nmust be sonme-

thing worth adopting. If'farmers see no value 
in a new variety or farming practice, iothing 
call persuade them to a()opt it. Researchers 
and extension workers must be alle to ider 
tife aworthwhile innovation or' idea to devel
op. in asystematic testing effiort which Call 
expose its shortcomnings. That iswhat on
farim research isall about. 

Extension services must be both Strong 
anl effective. In iany areas they are insnffi
cient, or even completely lacking. The farm 
ers there may never lbe exposed to tile advan
tages of new varieties, fertilizer use. o' liew 
soil management practices, Inother areas, 
Ilass',ive exleniol schemeICs have bhel 
installed %\.itl irrprlts deliverinlr, systenls, hutl 
h:mve ot made desired irpact inagricilhtral 
prodruction. Effecliveness carr. therefore, be 
as elusive acharacteristic ofextension s\s
teeis as it is of tile ilrrrovatioirs thellselves 
arrd just as essential. 
New round. 'l'hinkirg aborl lrew opportii
rities keeps evolving, arid iir cortinrures to 

collaborate with sciertists arrd stirderts frorn 
tire lniversitv of balair irrthis orocess. 
Avepe researcherS Irav not Isvel have ider
tified really attractive technogies, suitable 
for the area. but tile\- are reconsidering their 
assIIIlmptiuirns arid designing a 110, rollld uf 
experimentatation il consuiltaion with tile 
farmers. 

Tle 1991 sylrposirin concliuded that 
researchers should concentrate their inter
veitioris on crips and cropping techniques 
with highest paotential ill tile area. Those 
would include oil palhns, yam (not tested iin 
earlier trials), and pssibly soybeans. 

Village meetings were held during 1991 tar 
gather farmers' views on V,,,ille interven
tiurs. 'flue fariers confirmed their interest ill 
such crops as plaitaiins. oil palms, and vailn. 
Farner participation will he further 
strengthened with tire formation of 'interest 
grouips" around specific tecnliurgies. 

Since ihe svnriprasirirrl, researchers have 
hlhpothesized ',s well that ailey Crpping iira\ 
have potential iratile area. where pressure ol 
tile land rernains rmorderate, if itallws pro
ductirllr raf ahigh-valhie criip which Canno)t 
be grown profitably utherwise. (lure such croap 
isplaltain air banana. 'hials with improved 
materials, resistant tanblack sigattaka disease, 
Will hegin inian alley cropping schelne dur
ing f993. 
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FARMERS TLRN 

EXPERIMENTERS W ITH A 
DUAL-PU RPOSE 
TECHNOLOGY 

Mucuna has become a byword in the 
Republic of Benin among farmers 
and agricultural extension workers, 
as an example of a soil management 
technology that is solving a major 
weed problem as well as helping to 
restore soil fertility, 

ann 
tenilois scieitists startel on -farml research 
inBeni non methods to restore soil fertility 
anid-at the samle tioie-to encourage 
farmlers top)articil)ate inthe experimlentation 
process, as ameans to (levelolp practical, 
a(lolptal)le technologies. Oie such technologyM 
the cultivation of aground coer or live 
ninlch ,.tlucuna pia'ieiisvar. uli/is, 

Itall hegan in1986, wheii irrA 

lirge part to the enthusiastic efforts 
of the participating farmers to de'elop the 
isde in+ 

technology
Forrners accepted after seeing 

how effective itwas incomikating two of their 
main farming problems: restoring soil fertil-

so that maIlize yields ilproved, and halt-itv 


ranipant speargrass 1y covering the 
ground aiid preventhig the weed from 
receiving adequate sunlight. The farmners' 
colitrihttions over four years of mocua 
research gave theo astake iii the results, 
motivating theni to encourage otliers to use 
itas a result of their experieice. 
Evolving project. Concern ,iiot declining 
soil fertility led irr.,early in 1986. tojoiii 

ing tile 

with 
Direction de reclherche agroiiolique of 

the Benim governmnl tand the Royal 
Tropical Institute (KIT) 

tile 


of the NetherlaInds in 
aproject on Recherchleappliqtie en milieu 
rd".Tle ohjective wa- to develop alterna-
tive methods to restore fertility 1y en listing 
farmers' l)articil)atioi iinaseries of on -farm 

research trials, 
Soil fertility had heil decliig intie Adia 

Plateau inMoino Province, southern Benin, 
enriches the soil with nitrogen. As cimctra uil(ler growing population pressure, 
spre(ls ever the ground. italso has the wel-
colie effect of slothering yoting shoots of 
"speargrass", the noxious weel Imperala 

c'lind'ica, which has widely inifested tile 
ilpoverished soils of the region. 

The popularity of oituctula has led to its 
a(loptioin 1y the national extension agency 
for countrywvide al)l)lication, and to selection 

GloMal 2000 project for demonstration 
trials bv W0tBeninois famners. Tlhis success 
1y tile 


lra(litioiially: to )rev'eiit loss of fertility, farm 
ers inthat area had )lanted 12-to- 15-year 
fallows with oil palM, which iseconomically 
attractive hecause of the panlwine produced 
from the trees wlheni the fallows were cleared. 
llowever, the increasing demand for food 
had lengthened the periods of cultivattion 
and shortened the fallows, with the result 
that soils had hecomne impoverishied. 

Tihe iitia; round of experiments involved 

farmers' 
fields, and several researcher-controlled 
deniustrations of iiew soil-enriching tech

aset of nmaize trials planted ill 

nologies such as alley croppinig, various 

cover crops, anld live molch. The experi
ments hegan in 1986, to he imlplemlented 
over the 1986 and 1987 croplg seasons. As 

ntcillla 


it turned out, these lemonstration fields were 
to have tilegreatest ilpact on farmers, deci
sioii- making. 

Farners met periodically with project sci
elitists and techniciaiis, to discuss their expe
riences inthe series of experiments and to 
participate illselecting new treatments for 
the coming seasoni.Groop discussions were 
very lively and farners becaine well 
inforned even aout results from experi
ences with ol)tiolLs which tley had niot 
selected. 

Their curiosity to hear teie inm)ressions of 
otiers ahout the (liffereit options seemed to 
stimulate attendlaiice at meetinos. The group 
hecame so large that ithad to he divi(led into 
two. each of which included the full range of 

scope 
Impressed. Inthe demonstration plots, the 
way that niucu1a had smlothered the tbiqii
tous speargrass impressed mlany farmers. 
Ilence, in 1988 and 1989, anumber of farm
ers elected to grow mucunatlt as a lanted fal
low crop during the "short season" (so called 
hecause it is!lies:ortei of ri siiy 

options inits 


seasojls 
which are characteristic of the clinate inthis 
part of Africa). Some farmers elected to grow 
pigeon pea (c0yams cq'an) intheir planted 
fallow Tihe pigeon pea Iarely grew where 
soils were very depleted, hut mucuna seemed 
to perform hetter inlashily poor soils.
 

'[he trials con firmed onuctlnt's value as a 
weal)on against speargrass. lven inore 
im)ortarit, the trials )roved lmucuna's 
capacity to restore fertility to the soil, result
ing ill greatly improved yields of maize dur
iig the following seasoi. Tihe accompanying 
chart of 1989 results shows that maize yields 
o plots earlier )laiite(l to nioctuna were, on 
average, 80% greater thanion continuously 
croplped land. Far smnaller gaimis were 
recorded for mlaize otlplots pilainted earlier to 
pigeon pea. 

For 1990, the scientists and farmers next 

researcher dis
cuss mulching with mucuna. 
Beninals researcher, farmer, and 1liA 
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planned optional treatments for two types of 
soil conditions which existed: (1)completely 
depleted fields, and (2)fields still reasonably 
fertile. The two options for the completely 
exhausted fields were mucnna mnd acacia 
trees, a fast-growing legume which would 
produce a substantial anount of slowly 
decomnposing litter and high-quality fiel-
wood. 

'rie nucuna was to be planted one month 
after sowing maize, during the first rainy 
season, and would grow to atdense cover 
(hiring time second rainy season. 
Sohsequentl\: during the dry season, the 
nticona would die and foirm ,tdry mulch, 
which would fertilize timenext vetr's first-
season maize crop. ,\lucuna would once 
again be "relay plainted" in this rmimer, one 
imonth after that crop. 

The aim was to regenerate soil fertility to 
an aidequate degree after several years of 
either mouctna cover crops or acacia fallow 
Once the fertility of their fields had been 
restored, time firmers could decide whether to 
go on to one of the second set of options, il 
order to maintain soil fertilit\ 

The results for farmers who had chosen 
mouctna were dramatic. They recorded, oil 
average, atenfold increase ill maize yield 
(from 201) to 2,001 kilograms per hectare). 

Even before those results had becomne evi-

dent. others hatd begum joining the ranks of 
the uitcttna planters. attesting to its growing 
word -of-mouth pulalitrity as i soil improver 
as well is aweapon against inperata. As ai 
consequence of the denmonstrated yield 
increase, 20 additional farmers with ini'ertile 
fields chose the iucuna optiol in 1991, they 
obtained ,athreefold iiicrea.'se over tie previ

ous year's recruits. 
Natioml extension authorities were so 

iipressed with the results that the\, decided 
to .vthe technology from 1991 inall the 
agi oecological zones of the country where 
soils are depleted and inperata isaproblem. 

Time results of adoption iii the current 
iationwide phase will be studied from 1992, 
with documenitatioll of the extent of adop
tion, characterization of areas where it has 
been successful, amd aicomparison between 
are:s with characteristics favoring adoption 
and areas where the technology was actually 
sticcessftl, 

Ingredients of success. Behind the snc-
cess inpronmoting adoption of nictma to 
date, a niml)er of elements can be singled 
out as being major contrilutory factors. 

Fariers were an integral part of the deci-
sion-imaking process, first of all, and the%, 
participated ill groups which had been divid-
ed according to the types of problems uner 
investigation. Those in the sine groups 
shared similar problems-fitrmers inthe 
1990-1991 set of trials himd joined discussion 
groups for either completely depleted fields 
or reasonabhly fertile fields. (olosequently tile 
groups enjoyed aonity of purpose, 

Each group was offered a range of tech-
nologies to choose friom. Every farmer could 
accomiimodate his particular problems 
among the options, or could discuss with his 
peers and the scientists how to tailor the 
technologies to them. 

Moreover, farmers had itad achance to see 
demonstration plots showing time effects of 
inimciia and other technologies before the\ 
made a selection. The' were not siiplv told 
about hypothetical benefits and aLsked to 
make a blind choice. 

AVERAGE MAIZE YIELDS UNDER 
DIFFERENT TREATMENTS ON 
THE ADJA PLATEAU 

kg/ho 

3000
 
i Local maize
 
I Improved maize
 

2000 

1000 

Continuously Plots after Plotspigeon acrftpedafter 
pols pea mucuna 

F'inall, the dul imlxict of nnlcuna in 
restoring soil fertility and combating inper
at, appealed greatly to farlners, particuiarly 
those with few labor resoorces. Muctla's 
bontus of imperata control hald a decisive 
impact in the widespread adoption of this 
technolog 

For the future, scientists with an interest in 
on-farm experiientatiol can draw onl a 
fuld of uiseful experience from the lBenin 
nmuctna trials. The fairmers showed, intheir 
contribttion to refinements in the technolo
gies, the fruitfilness of their particilxttion in 
experiments which hatd been so designed as 
to bring out the benefits they had to offer. 



____ ___ ____ ___ ___ 

CREATING THEINTERNATIONAL 
COWPEA THATCOOPERATION _____on' 

BUGS W ON'T 
The special role of international cooperation at iiTA is to BITE 
enhance the collaborative process with national agricul
tural research systems of adapting and applying improved Intuitive pathways have begun to 
technologies for farmers' needs. crisscross new areas where borders 

of traditional (iscij)ines meet. A 
*new network links scientific institu

tions on three continents in collabo-
Theiprincipal means by whid II\ strength- o Resident scientist teams in specific rative research which relates 
ens agriculttal resealch are training. intor- contries culaborate with natinal colleagues biotechnology applications in crop 
inationl dissenniation. geimlplasm exchange. to meet researuch Irnwblens and needs, ald it improvement, entomology, and food
an~d othe.,r ,''llahnrativ.'e prni.ct actieties strengthen research capabilities. science. 

,%hich comev teh ouh * aiis to enconirge liotnedlu .gies. Training. iii 'lnee yea's :tgo the gi'np was 
lour mnechanisls have been designed to national prngrais and research nemtwrks l'om Ili\s pautnerships with several Italian 

enhance nse'uliess of collablrative research eventnallv to d (l1,tlmnscvesIall the train - institntes and with Pnrdne Ittnivtrsit\ I
and trainling acteities. and enable IIr to ing thatt i. needed tnsippnrt their nwn I riving this cnlhtnratiim istheir cnnnnnn 

respnnd with greater sensitivity tn peiCi-ved research effinrts. 'tinling will tocns oni quest: toat Im\ create acnwpea cnstitnted with
 
mceds. p-omnting effective research new gemes that will enlable it to resist insect
lhe%are; teams where 
* Ne.working. Collabortive netwlrks both iiational pr.gr.ms and inl\ are equlal pests alld ellstlre bellter idds lfor millions of 
link iii with national and regiimal research pa'tlers. fainter's in the deve+hping world. The first 
institutions in A'rica. to develop their signs that tie goal was within reacd caine 
research capabilit.is. durilig 19)1. with the llnllletlltnns lnews that 
* Research liaison scientists. Three ,,vo of the partners mad succeeded intrans

research liaison scientists, each with specific forming the cnwpea indifteet waVs. 
resplisibilties [Mr agrnmmp of coultmies. will Akey crop. t 'twpea (Ihona u,, 1,,,/ca/a) 
be placed ill G;lana. (ti'ite isahood legumeiiole of'the few soir'ces iofd'lvie ald C(ling. 

dietary lioleiiifr niar Africaii peoples liv
lltAscientist and counterpart tesotho plant explorer appraise results of their cowpea collection efforts. regiill.s. llalvests ar-e generllillg, ill dr'y' 


much Iwer t:n) the pr(diictiv'e piitemtial i'
 

the phait, because no cultivated cWMpea vai'i
.'t\ is 'esistmilt to the ma impuid-biirimg lid 

sickiig. aid stoiiage isect pests which 
abomd initiopical Africa. These pests have 
iiiig elided ci'np h)reeders, wh0Mhave beeli 

able ti imcoruporate geies liiimmaliv itili 
insect :aml diseae 'esistance tiaits into ciilti
vated ci peas. 

Nesv binteclumnhgical methlods Iave. huiw
eve. ipeied possibilities l.i iip'(vilig a 
crop ly adding imew gmees title existing 
geuOty e llC Comistlittiiml uflgnetic 
pallt that dlfilles its spCcific cliaracteristics. 
'The caididate geles 10i.rthis tranmsl'natiiin 
wuld be t!iosewhich could eiidnw : plaimt 
With desir'able cha:corsMIC 11 :lttl'C did 1101 

Su'igimallv pivilt] , I \ 's . vel 
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equipped and already experienced in related durable forlni of resistance to insects or ofCultivated Cowpea were tilt hest sourcesito 

applicatinis of biitecnoioligp hriiig tilenec- pathogens. expi'e Ml'the dtesired genetic iMateial. It 
essary expertise to such a quest for a pest- (eetic engiineering techniques, on tile was clear that iIIn VihI'dttwa collectioi 
resistan: cowpea. 'Ihey also share diverse oither hand, entail use of a single gene to shonld le hroadented. in order torepresent a 
research interests illthe crop. confter the desired trait intileselected greater, prOplrtion of the elailt hiodiversi-
The search starts \viththe collected cow- species. The Iiew gene. carrying the bio- t+ until 1983 oilv 2110 accessions ofwild 

pea gerinplasili, tilegeliotypes oi which to chemlical ioltoi latioi responsible foi'the i,,ua had been collected. Miremer. Itris 
h:ise irtler developiileit. Carefhl evaluation trait. isforciblv introduced ito ilttargel seed storage ai d lboratory facilities llt 
of the geriloplasi provides an inventory of gel'tvpe, either by accelerated inicroparticle gcen-tic resources research needed to be 
traits. hotaiiical and hiicheliical. souiie of teclinolo y(:iIagelie goll") oi, a lranfer pro- enilarged and ilodernized. 
Mhich int\ lie useftilincreating the "ideal cess interi,'diated h: lirexnple. tile Olnce these prereqLiSit,.es were satisfied, iri\ 
cMlie:t. If greatest \tahte are trails \\hich iiiicroorgalisil .iobac/hi'jll, 11/it.'/l- Coold start toaddress lasic breeding issues. 
I'tpiteof dorislltoii tile pest."l'Meating tie c'ns. The included tilrange of genetic pOssilbili -

variols parts of lie ilant: 6vieerall., resistance based ol a single ties within species. aild gelietic coilipatililiy 
o pilhuceice or iiriieso oillthe plait gene i.slessapt toihe dtiiralile thaiia poly- between ctltivated cowlpea and related wild 
%khich hllihits inset fe,eding or egg laying; genic resistance -tilepest or pathogen is species. \\ithimproved knowledge in those 
" iii t-'pultrahk! or hard pods or seed coats: ilo0re likeu, to survive tiadapt ifonly :t areas. scientists could hegin to eClIloit the 
* ilipalatalile chemical cimplliellS of si,'le resistance tneclanisinl ispreseut than cultivated aiid wild ciwpea potentials for 
l)iik M'seed.S ifit has 1uuuiltip!e iulechlanisnius ifresistaice to resistance breeding. applying appropriate 
The targeted insects which caiist the Iiiost uOiVe-rciUne. 'lhbuild a iiuoue iro, I-hased set tools includiuig bitecliiolog\i 

d:iliage aind are difficult io control are. ii of resistanuce characters, several elnes for In 198- tileIIi t;eiietic R,,esources Unlit 
,'der0If'ese:'ch lliOi'it,: .t/r'd piid-lir- resistaict ciUild ITiicorliorated into the legan totackle these needs inla project sup

er. wariotil pid-*,icking hugs. Ibruclid stiir- new1ciMipa. 'it selectivity which ispossible ported hv the Italian giv''uuu1nenut, working 
a1ge eelIs. aind thrips. which feed ilthe i allengineered Irmtlis)rbliutioni would hae together with atcuinsirtiulii of four Italian 
cO%pea fluiw'r. tle :tdded atdvautage )f'excldilug 'weed\ institutes %\hich shared cmnplementary 
iheciull:turator, are hunuuting tileparliciu- oiiwild characters th:1t telnd toaccollipally research iinterests illcowpea: 

largenes eliich express usect resistaice vide cro,,ses. 0 hipartintentUo di Sciefuze Agrur i iniche e 
traits ill \ild Vigl,or itlei species that IButh paths to genietic iiprweiieit are 'euetica Vegetale, IIniversiti degli Studi di 
I:\ i(Wu:tv nut le chselorelated toc\lpea, being explhred. Scieiitists need to know tie Napoli. Portici (plant genetics) 
The bjective is ti i l l'ar0tt' thieiii ilti liiiits ti pissible exloiittiiii in each case. 0 Istitutii del (Geri oplaslna. Centr 
high" itldiig couupea geultvpes. .\t tileend ad tii cmlpare tileefficacy if tiletwo Nazioale delle Ricerche. Bari (gernuplasn 
ofile ques. tlite grup ainis ti hiae i'i- alipriaclis. Tit' experience shuld yield cohlction. claracterizatiou, anid evaliatiil) 
duced co%\ p ,, itith1resistanet ti tit target valuable insights forwurk with other crops. P, Istitito Naziuuale della Nutrizione, Rone 
pests that they did ilpi isess itfluire,. :od Werld collection. ,Sincethe 1t)7us I\has dliod safet, nutritin) 
tha l ill tnalu Africili faruers toinicu'ese had tileinatdate anlioig international * Dipatrtildent di Agriolhgia e 
thit'ir ci wpt':t hlrvests sev'raluuld. reseaurch centers todevelop :world ciilec- Agrociunica. IIniversi(l degli Studi della 
"lVoways. 'lietMO\;Iis ti Crate tile tiii if cowlea geriplk',Su. III, scientists 'luscia, \itero (plaut cell regeneration) 
gt'ietic iilprileiilcit are li (I wide criiss- have worked wvithiatiowil research staff ti Scientists ill the Italiau cullusortillillwere 
t's'. iir cuusl,b;eCdiug if %%idel diveUrgent cilect spCciiiens Of cultivated Mid wild interested ii wiurking with ilI\fur the oppo
g'iiuut.pcs of cultitated and ildVi'i.,ag: and gei'ruuplasnl. describe their char'acters,ealti- tunitv to conrite ti Africau agricultuial 
I2 genuetic enuginueerig,liv Ilithi for'eign ate their use'ulliess ispotential siirces of development,while expanding kiuowledge in 
ge'es are iiiciiii':Itt'd iiti) the CMilC:t and disease o. pest resistance and other desired their sc~enutific fields. 
Culduw the pu'oge t ilthat plal with Ie\\ traits. arid collserve theillISgenetic The Italian and iIr\researichiei's joiined 
cl:iracteritics 'he accill u in g,u'iagratu re:,uirces lorcrop iilipi'veieiit anud lio' the foices in irder to st'eligtheu theii iiider
sho\ hiw the wrk i,divided aliuuung the hentefit of pousteitv standing ifciwpea genetics and breeding. A 
coi llauratiig institutiiis ahiglhese t110o h tilel9I80s tilecilection if cultivated hiutechnulugy unit was established at in.Ltio 
i:ils ti the genetic:ill iiproed c(iIwi. cMpea contained sources ioIfresistance to make new knoiwledge and techniques avail

\Vidt cl'iisses art iids hietweeI difttetHit 1ilalV insect pests alld diseases. hut iolleto) 
species \huose gu'nut\ p' are ioluuuuutllv the maior iests:the h d-birers and pod
incm tpatihle with ote aiutlher. The gul sicking bugs Wilh species and close relatives 
Iehind the atteuupt tii fiu',' such iiiterspecilic 

cI'ro ,es isti iiit'oduice owt gell's which will Cowpea embryo genetically transformed by DNApar

act tugether with tile existig gelles to po'i- tide gun - blue areas represent expression of intro
duce aliI adhtiitageuol.,s featillre su ch as a duced marker gene. 
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COLLABORATO!RS INCOWPEA BIOTECHNOLOGY 

- - i, d ZI V *EMGermplasm explorationEZI f> and collection 
O_ _ and_ collection 

OK WILD CULTIVATEDAND 

GINOTYPISCOWPEA 

OE A Cytogenetics Germplasm evaluation 
O0 germplasm characterizotion 
• 	morphology 

Identification of useful genes 
• 0 bioassoys 

0• s,.d protein characteristics 
0 9 leaf flavonoids 
0 tannins ond untimetobolites 
* * 

0* 
other insect resistcnce proteins
methods for discovery of other 
insect resistance genes 

0 phloem andseed specific 

Aids inselection promoters 

•0 
Interspecific hybridization 
RFLPs 

O U U germplasm identification: 
seed proteins 

N germplasm identification: 4 
0 0 DNAfingeifnting flavonoids 

wide crosses: IMseed protein pattern segregation Genetic transformation 
• embryo histology 
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K 	 Auburn 
* 	 Bari Evaluation of effectiveness 
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able to Africamn colleagues. In 1989 new facil- crops in Africa artd Latin America. Cowpea tnerged into aIgrirrp rrf collalrrators it a 

ties were added to the unit with italian sitp- was aspecial focus rf tile coiwpet biritechinolgygriop whiclt oint prrrg'arr ont 
port. Thev also began their colal)t,ratirn in Ibegan by ivestigating the chemical ald Thre agreed to tackle different issues anid 
cowpea genetic iiprovetment through wide physical bases of resistatce tostoirage wee- prroblerrts accorldiug to their indivichal 
crosses and traisforimation with a foreign vils, amiong tliers. One iif tire griotip's long- expertise, Itilhing i each tihers advances 
gene. That year thre two grouips \ere joined terni goatls wLs to discover gentes which al(t itt tririt cotitriltttittg Ti the goals of the 
by American researchers, mostly from could help engineer insect resistanlice inti grul. 

Purdue University inIldiana. Is.., to Stipple- cmvptca. Shared goals bI-rought the PIurdute Collectitng germplasm. Plant explorers 
meit the project with vork oinstorage pest team int, froi amd lre liari (ierilhpism lirstitriteacrlaboriative relationship wilth irI. 

problems of cmvpea. lrii scientists by 1989c. Scientists fin Auburiir rave embarked orn aseries of collecting its-

At Purdue Universit., a grotp of scientists University iidi the tUniversitv of Miinresota siuns irr central. easterin. an(i sotiltliern 

had come togetier from different disciplines also contributed to tire germpilasu ciarac- Afr'ican countries atd the Medliterratean 

during the 1980s to develop resistance char- teriza-tiit and breeding effiurts. r-egion. They rave trade a special effort to 

acters forfighting insect pests of stored piulse Tile Italian, American, arid rr\ grotips explore sirotherni Africa where tie covpea 



originated. As aresult, by the end of 1991 tiletile progen, so Portici geneticists have coit-
rrworld cowpea collection hMd added over 

500 accessions of wild Vigqn species. The 
total world collection now counts over 16,000 
accessios from about 100 countries world-
wide. That includes over IS,()( cultivatted 
cowpea species and vlrieties, and some I.,0 
accessions of wild Vi,ua of whichiabott 500 
belong to the primary genepool of wild cow-
pea. Tihe entire collection ispreserved in 
tis gettebank. which was refitrbished aid 
expa(led with Italian support in 1986. 
Characterizing germplasm. IITA, the 
institutes at Bari andlPortici, and Minnesota 
I 'Oiversitv are iivestigating tile 

docted microscopic investigations of the 
physiological and physical harriers to crosses 
between cultivatted and wild cowpea. Wide 
crosses are continuing at ir.mand Purdoe, 
with developlent of techniques for rescuing 
embryos that would otherwise abort and for 
idIentifyirg hybrids. 

Portici scieltists have joined tr,an( 
Plurdue colleagues illexploring the poly-
ploidv plenotellui-plants '.Ithamutltiple 
set of tilenormal chrotOsome number. 
Polyploihld which can itcrease productivity 

vegetatively proplagated crops such is 
sava, can also help toimprove the success 
ill cas-

morpho physiological claracters of ',,,na rate ininterspecific hylvridization, by over-
germplasmt down to the level of chromo-
somes. tor precise taxollotnic classification. 
ViI( chrmnosomes have been poorly char-
acterized intilepast. patrtly biecalse of their 
snall size. Scieitists atre assessitig itisect 
resistIlce ill or(ler to idenitily possible 
sout rces of resistlice genes. They aIre also 
stttdvimig the degree of relatedness betweeti 
will aid cultivated species, which mttay be 
iistrutetal in esti matitg the feasibilit, of 
cotitbining genes from wild species with col-
tivated cowmea. 
Identifying resistance traits. Cowpea 
atid other I'llw species are beitig growit il 
Nigeria ai(l selected for the resistance thev 
exhibit to the target pests. ii:Xentontologists 
have slown that several id (,,,,a species 
have excellett resistaice topo(-borers and 
1)od(-sttckittg bugs. 

At Bari. biochemists are investigaiting the 
fact rsrespolnsible fot resistance to storage 
weevils. They are attalyziiig levels of certain 
cottpoutt(ls presetnt inresistant and stiscep-
tible cowpea seeds. Pturdue entomologists 
have demnonstrated that wild cowpeas coit-
tai0sources of resistaice to weevils. Thev are 
studying biocheittical factors which cause 
death or dlelay illmaturity of weevil larvae, 

Scieutists at tile Illiversity of Potemnza, 
Ital have cotttribitted to tile gertplasm 
characterizatioi work. Tie have studied the 
biocliemical basis-favor-pro(duicitig cortt-
ptt ids, for example--of resistamice to 
aphids, whticli plaititiflict datnage ott tile 
anld also carry cowpea viruses, 
Interspecific hybridization. Early trials 

cotnlig the genetic bairriers of incontpatibili- 
tvbetweeti cuiltivatet ald] wild cowpea. 

Geneticists at Minnesota are working with 
irT..colleagties to (leVelol) a cowpea INA1map 
uttiliziig wit's (restrictiomi fragment length 
polymorphisms), prelimimary to idetifying 
aid marking specific resistance gettes for 
possible transfer. 
Examining resistance genes. During 
the 1980s Purdue scientists began investigat-
iig genes respoltsible for enzymes which 
imterfere with insect digestive processes. The 
idea w:s to in(htce malntrition andl eveittu-
ally starvation by putting ilto tilecowpca 
certamaenzymes which would curtail the 
pests, ability to digest its food. Purdtue isalso 
experimenting with bioassay systems, to test 
the effects otnpests of coisutting those pro-
teins. 

Meanwhile. the Italian groups have 
already become involved itt tilebiochemical 
characterization of seed proteins at(1 stut(lies 
ofmechanisms of insect pest resistance. 
Thgether with sciettists from Auburm 
Iiniversity (ISA) atd i..', they h've joined 
the search for new getes for pest resistatce 
attd ttew methodologies for makiig those 
discoveries. 
Transforming the cowpea. Itt 1991 the 
Portici researchers, following the wide cross-
es approaclt, coifirmed that their tecimtiues 
of using Agrobac/erium as avector have 
yielded ctvpea embryos which show sigils of 
transformitaio. At the group at Purdle 
verified tha ttmicroparticle bombardlett 
teclittiqutes with a"gene gutt"i'' ad produ(tce( 

ensure successful outcomes inthese key 
developments. 

Preliminary work inregenerating acow
pea plant from asingle cell was conducted in 
1987 by Italian scientists at the institute in 
Viterbo. That approach will be pursued again 
infuture. 
Aiding the efforts. irriscientists have 
been working with Plurdue and Minnesota 
colleagues to develop lethods for identifying 
hybri(ls by "fingerprinting" DN.A(deoxvri
bonucleic aci(l), the clain-like molecule 
carrying the code of genetic information that 
isitniqule to each genotype. They have also 
collaborated indeveloping agenetic mall 
usimig lt's,which can help inspecifyinlg the 
location of desirable gettes on chronlosoites. 
The ttH,work will be utseful as well iin 
breeditig, verification of hybrids. Ild tile 
identificatiot atd characterization of 
germplasm. 
A uirL'die team of entomologists and an 

electrical etigineer have imtetite( abiomoni 
to, which makes tse of ltrasonic signals in 
detecting hidden insects Istile,feed withiti 
(lrv materials sttch isseed graiis. The 
bionlonittir measures feediig behavior of 
pests as they consume cowpeas or artificially 
formlated grains. The goal isto screet (if
ferent seed proteitis for insect resistance, 
which cIlnbe observed ill the feeding 
response of the iisects ",ithdifferent formuti
lations. The more resistait proteitis mm 
become caididates for new breeding efforts. 
Assessing food safety Thmi'sfornled cow
peas will cotitaitn liew proteiti suibstances not 
present itt tradiitionally comsumled varieties. 
These new proteitis mumst first be tested for 
health hazards to consumers. Tlaste, texture, 
aid cookitng factors are being teste(l as well, 
to eisure that otIsutiers will not object to 
perceived changes im.:!ucir customiary cui
.,itc.
 

Foid scientists at t'.s. tlw Naitiotal 
Itstituite of Nuttritioti illRome, :tid Purdue 
are stdying 'lie safet,,nutritional val Le. 
palatability aj,"'uookability"of proteins 
associate(d with . wild attdsect resistattce itn 
cultivated cowpeas. 
Networking with users. As the activities 
and first achievemets of the cowpea collab
orators siliobiotechiology aipplications 

at tvbridizatioi attOig several species at IrHA traisforined embryos. Scientists from both afford a high degree of precisiot itt the 
antd lurdue either failed or pro(iuice( itifer- itnstitutitts are workittg closely togethter to (hesigin of aprouict. Thit capacity calls for 
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NEW SUPPORT 

TO SUSTAIN 

THE SUCCESS 

STRENGTHENING 
NATIONAL PROGRAMS 
IN BIOLOGICAL 
CONTROL 

African cassava crops are flourishing 
again after a wave of devastation by 
the cassava inealybug during the 
1980s-a wave that was broken by 
inTA's continent-wide biological con

. . -trol campaign. In the wake of this 
success, which national programs 
helped to achieve, iITAis in turn 

helping countries to build up their 
capacity to manage their own biolog
ical control programs against pests 
of cassava and other crops. Boosting 
national capability is the best way to 

Pod borer larvaon cowpea callus inabioassay test of the efficacy of cowpea pest resistance characters. develop crop protection systems, 

especially sustainable systems which 
the piroicers of the new techiohgy to woirk scopc of tllis atdvanced research, through call for ecological awareness and a 
mort cliosel thani ever with national agrictl  training at its own hiotechmology facilities well-coordinated balance of activi
tural scicotists, who are in tilebest position where the work isheing (one. While the ties. 
to ktmw the uicods of the ultimtte users: the research alld its benefits appear awesome. Itiological control isa utinstav--togeth 
cVpea flarmers. they can comne within tie reach ofnatiimnl er vith host plalt resistance andl hahitat 

As hiotechnollogy telescopes tiledistance programs in Africa through the contited l managemnent-- in the irrx scheme of good 
hetween basic research and farmer use. the bridging iuile of their international center, plant healtl management. One of its main 
character of the research process shifts dra- ir\. attractions is its ecological soundness, in 
illatical[l":Before hioteclnoology inale short- coltrolling a pest which has gottel out of 
cois aailathle. crop improoements had to hald 1y mohilizing its natoural enemies 
evolve step hy step. iivolvig adaptation ald which will redluce the threat to a tolerahle 
finettming at several levels --- from advanced level. Its elviromueltal advaiitages, not to 
lhoratories to international centers, aid say ecOlG;mlic olles, ovel the use of pesticides 

tlhence to ilatioloal progran f r adaptation are ohviols. Moreover, awareness of the 
to local requirements. But the hiNtechnology adverse environlental effects of pestici(les 
research eflort. from the hegiuning, is driven has Iade douor a.gencies reluctant to 
hw the farmers' specific needs, not 1y the dic- finnce tleir usage :ad colpelled govern
tates of tileresearch process. melits to seek non-chemiical o]liOtls to 

Il the cmwpea hiotecMhologv collanora- redtice crop losses. 
lioiIlwill he ahle to use its special rela- The Afr'ica-wide hiological control cain
tionsilps with national programs to ads-an- paign reduced damlage hy the catssavai 
tage. intiledesign of tilebiotechnological niealvlng in of all filIs to a level Ihelow 
irotict. riT\will also he able to bring Vecolmnic iltiacl. the status of that exotic 
natioral scieiti:;ts within tileoperatiomld pest's impact in its Iloiiio environnient in 
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South America. The success of the lilealybug 
canpaign has opened tilewav for African 
policynmakers and researchers to develop 
biological control ai.l other environmentally 
friendly allernative, to]pesticides. 

:\ high degree of' capability and coordilla-
tion isnieeded in-country to research and 
implement sustallable crop protection ss-
teins. l)uring 1991 IM'\began collaborating 
with tile German donor agency Gesellsclafl 
fiir "lichnische ZiisainIeiiairbeit ((or'z) on a 
special project ftor techdiology tralisfer and 
training, whose goal isto establish sostaill-
able crop protection programs inAfrica with 
astrong basis inlbiological control. The spe-
cial )roject isreinforcing in.efforts which 
aire supported by other donors to strengthen 
natiomal biological cotrol activities. 
A\ctivities comcerning tiletargeted pestus) in 
each couaitrv co'ered by the project are 
nioted intileaccoilpaiyilig talble. 
The special project first seeks to ascertain 

governmeital cominitment to tilegoals of 

sistainable crop protectioln. The success 
story of cassava inealybug cootrol stimulates 
enithusiasnl, while participatioii inbiological 
control conferenc:s and !tining courses 
usually convinces decision -makers and tech-
nical officers alike of the efficacy of the 
approach. 

Project activities follow foui'main chan-
iels: research, imipenlentatio., training, and 
program strengthening. The guidinig belief is 
that soch assistaice should buttress resolve 
within the iiatioiial progaiii to conduct its 
owii activities and tomake available local 
resources to the fullest possible extent. 
Creation of new iiistitutions isnot par of tie 
plan-existing infrastructure remains the 
basis for developieit. The project provides a 
resource package o1r"biokit" to each partici-
patiing cotiltr.;colprising: 
0 ai inisectarv 
a av'ehicle 
* equipnilelt forlaboratory aiid office 
0 an iii-couitry training course 

. ,: . ' 

0 operatilig flids of a iegotiated aIllloillt. 
Dluring the first project vear.tilecassava 

mealybug,cassava green mite, langio 
nealvblug, banana weevil, and :. 'sts of 
'iaize, the s-'"n borer and larger gra . (orer. 

were targeted inconlrol activities among tile 
parlicipating coilltries. The acconllanying 
chart summoarizes project activities by COoll
try aid by targeted p. 
Research. Ingeneral, assistance inapplied 
research began duoing 1991 with training 
alid lielpiig local staff inideltifying tilesta
ttS of tilespecific pest ineach colotrv listed
 
inthe table. Next, tile
role of "elleeficial 
hioagents", or natural enemies, and possillil
ities for establishinig them had to be assessed. 
An appropriate strategy for pest mlanagelient 
wLs devised ineach Case. which might also 
include host pilait resistanice, various cultur
al practices a0nd ratioial utilization of pesti
cides. If iiatural enemies of aspecific pest 
were a'eady availab le )elneficials were 
first reared inladequate nuniilhers for release. 
Suitable release sites mad tobe fouid, import 
permits secured, the shortest traisport 
itimieraries deteriiiiiied, aiid the release itself 
orgaized aiid conpleted. Subsequeot[%: iin 
evaluating results of the coitrol effort, three 
develiiieits had to lie assesse(: tileestab
lishiiiet iif beiieficials, their spread, aiid 
their impact oi time pest and the crop. II the 
case of cassava miealvbug and cassava greeii 
miite, evaltatiol surveys mst extend over at 
least three rears to be coiclusive. Scientists 
ill tilenatiomal programs were equi)ped to 
coiulict their own testiog ad liionitoriiig of 
beneficials under tileguidaice of 1I'.'\ scien 
tists workimg oicomitrol of time particular 

pest. 
Implementation: technology 
transfer.The project tssessed the material 
aiid equipmiienit iieeds of niiie countries, anld 
procured 'biokits" forall but oiie (because of 
political uirest). Niie couiotries received 
operatiig fuinds forfield work and in-coon
trytraining seminiams. scientists advisedii..\ 

six iatiomal programs oi how to orgammize 
mass-rearing of iatural eieiies locally 
l)uriig 1991 the prograiis iii Buruidi, 
Rwanda, aiid 'lhulzaia asked to have isuc
taries imistalled for'/Pidhmocawis /o/ewzi. a 

Insectary inRwanda containing "cassava trees", part 
of the biokit for developing the national program. 
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paraitoiI of tin cassaa mildkbg. Besides 
erecting ascreenhouse inthese countries, 
nA trained local staff inequipmient tse and 
ll facets of insect prodtiction. 

Training. l)nring 1991, three cotintries 
held their own seminars fitr altogether 70 
participants drawn from their respective 
staffs. University students, government offi-
cials, anl other guests were invited othe 
program stations to familiarize themselves 
with the work and promote interest inthe 
project. Itaddition. two group training 
courses were organized at the irr..Beni n 
Station, (:otonoi, where biological control 
scientists attended from 26 national pro-
grais. Ili the first year of project stpport. 
four lii students andI two %iscstudents fron 
(lifferent countries began their studies. They 
eventually will join the corps of trained sci-
eotists intheir respective iational programs. 
Strengthening: program 
development. irsigned agreements (Itir-

ing the year with the ine countries listedI i 
the table, for strengthening of their pro
grams. Aproject for support of five inore 
countries was approved by the Atistrian go'-
enmient. Al irrV/iAT project for additional 
assistance to foor national programs (Benin, 
U.ieroon. Ghana, and Nigeria) v,asstilbmit
te( toI\i for finding approval [which was 
granted inMay 1992--F'd.1.Tlie jouitpro-
ject concerns environmentally sOull, eco
logically, sustainable platntprotection for cas
sara. 

SPECIAL PROJECT ACTIVITIES BY COUNTRY AND TARGETED PEST 

Pest type IiTA-
Governmentagreement A 

Zambia h estab-Ittprllioveiitett aitd Systeots (O),
Zambia_ 

-O 

lisltedI ill 1991. 
he 199a.
* research AAgreements between H,1and notional programs forstrengthening programs in 

notional programs reported to hove speciol project Octivities grups tf collaborators are com* implementation Allthe Te tv 
received "strengthening" assistance trom of memutber instittes involved incrop 

iiproveittem aitclor cropping svstents 
* training (in-countly) also the project po.,e(l 

Country GTZ Austria UNDP 
Angola yes 
Benin yes 
Burundi a 0 M yes yes 
Cameroon , 3 yes 
Central African Republic M 
Cte d'lvoire Do a 
Gabon a 1 0 yes 
Ghana a aCO M yes yes 
Guinea a 0 a 0 E000 0 yes 
Kenya a 0 yes 
Malawi a 
Namibia yes 
Nigeria n O 0 yes 
Rwanda Do yes 
Senegal C0 yes 
Sierra Leone G 00 coo yes 
Tanzania c yes 

Togo 00 ,0 
Uganda 0 0 yes 
Zaire 000 o000 yes 

RESEARCH
 

CO LLABORATORS
 
AT THE CRITICAL STAGE 

BETWEENI LAB AND 
FARM 

On-farm experimentation isa key 
stage in developing any agricultural 
technology-that is where newly 
designed technologies first meet the 
test of real farming conditions, 
before they are released for 
widespread demonstration and 
extension to farmers. 

On -farm experiments provide researchers 
and farmners with art opportiinity to interact, 
inadjusting technology designs so that they 
best suit local conditions iii the farming sys
ten and eitviromneitt. It is acrucial stage for 
national research programs to manage. 
because it involves adapting technologies 
fro \rois sources for nligeituS use. 

Scientists in(lifferent African countries 
have evolved methods and procedures for 
on-farn research, utilizinlg different models 
according to their training anrd histittutional 

environnent. As aresilt, on -fari research 
alnlroacles may vary considerably front 
cotmtrv to cotntrv Soite iight be itore 
effective thaut others in meeting certain kiitcds 
ofprobleis. 

As a iteaits to enable tltose itdliffereit 
countries to learn from the experience of 
their peers inotler prograits, aitd to (levlop 
acotipreltensive bod'y of knowledge about 
oii-farm research relevamt to Africa, im-\hams 
helped to set up two groups of scicittists for 
collaboration itcrop iittproveienit andi 
cropping systents research, for ittaize and 
root crops: 
0 (ollaborative Group oii Maize-lased 
Systems Research (coMus), establislted in 
1989. 
0 (Collaborative Group forRoot aid 'lhber 
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1TAand national program researchers evaluating 
AFNETAon-farm research inBenin Republic 

port for project activities ad training cours
es, ad generally liaising with kindred scient
tific bodies. 

Tihe formation of mNiis :and :omis, and 
their accomplishents to (lte (see reports in 
the fol -wifgpargraphs), showhat the sig
ifiw.e of ol-oi research w ha eetrngp rec

ognized by the agricultural research coin
]runitv 'lIbir..the link with national pro

grams inl this area of research activity isvital, 
ill
two way's: in extenldinig the benefits of its 
own knowhow inl working with farmers, and 
inl expan(ing the pool of experience with 
new teclinologies. 

The discipline of o- fari research lies at 

research, in both frncophone and anglo- trates on soil fertility iilirovenent and we!ed the heart oif the adoptive research process. 
phome African coontries. Apart from irn,10 control through testing of teclmologies On -farm research iscentral to the role (f 
institutes inl 6cooturies lorn the :o,\.c. in\olving legominous species. (c)rlnsisalso national agricultural research systems, in 
membership. while I institotes in 13 coont- interested ill use of leguminots species totile developing technologies for extension1 work
tries compose coirs. Four of those institotes reverse decline inl soil fertility levels, but ers to deliver to farmers. csuis and co,rTis 

are memlbers of both. focuses on the selection and testing of appro- are providing essential support to strenigthen 
The two groups have a commion set of priate crop varieties for different farming this apect of the ii' :zd prograiiis' opera

goals intheir respective fields. and are svstems. tions. 
breaking new grotld in the region in the Itinerant seminars. The two groups hold 
developmoent of research capability Their annual workshops on a rotational basis at COMBS 
priia-try concern isto strengthen technical member institutes. Participating scientists Collaborative Group on Maize-Based'File 

proficiency inl specific areas of crop research, critically review current work and approach- Systems Research (mn(is) was formed in] 
through development of on -farm research es to farming systems research, and develop 1989 to bring together West and Central 
coocel)ts, iieth,!idoiog..s, dllndpr:ictices. new thinking on methodologies and tech- African maize researchers in a working reha-

Both gr iups have agreed to collaborate in nologies. The workshops constitute an itiner- tionship. Its main goal isto develop and test 
tackliig issues of coinoii concern among ait seminar, with apresentatioi of oligoilig improved production teclhiologies for 
their iii 2ibers. At the saie tiule they recog- work by the iost institute for that year aiod inize-based croppilg systens, guided by an 
nize tin. heterogeneity as well ais location - progress reports froii the other members. tuiderstaidiing of farners' constraints aid 
specifi,, nature of farming systeis. tlence, From the beginninig, both groups aimed at opporttllities. The grotp also aims to take 
their collaborationi will foicus on developilig providing teclical support ainig their advantage of ol)l)rtiiiities totransfer suc
new ,approaches ad methodologies, rather iember institutes through exchange (ifvisits tuglh the associationcessfull teclmologies tih 
thianitestiig the ptIforiance of ildividtal or longer-term attachlnents. Oe instance of of most natinial prograiiis with development 
technologies. tneed for teclical stpport is batckstol)l)ing and extelision orga~lizations. 

Soine of the research issues oin their for on ,\sius on ways to bite-farm adaptive research iii iiiaize and iscoricentratinig 
respective aigenidaks to investigate coicern catssatva being spoiisored by the Europeali grate legtiliious species inlto farniiiig sys
variots approaches to: Econlomic .' 1i1n10: inl iost of the cowis tens, iii order to improve soil fertility ail. 
• iiiaiiiteiiiiceof soil fertility through vari- and coi(rIs help control weeds. The main challengesoieinber countries. are 
ois miieais, icluding intercropping with Both c:0.\m15 to select the right species to function:and coolls have decided that i spe
leguines. alley cropping, planted fallows. the \West Africa Fariiiiiig Systeiiis Research cific ways inthe farniiig systeni, and to 

Network (\AFM),with its docuiietatiin 
* on-ftrm evaluatiosn of new crop varieties. ceniter aind established contacts, should coii- ientatiol stages. 
" liostliarvest tiine ti help coordiiiate their respective 

* weed control. . involve farners in the desig aiid experi

processing and storage. The 1990 annual workslp ill (hima 
* iiproveient in aihilvtical techniques, activities.\Irsi provide probleiiis related to\\ has the resources to e\amined teclimiological 
such isiultivariate analyses, themii lnl thiswith umibrella coverage in dissemi - central topic.Apiaper which hicorpi-

Each group started with a plan tocollabo- receiving scietific iiforiiatil,hating nirid rates the results of the discussiols has siiice 
rate oi tresearch project. co.,is coiiceii- chianlelliiig ftiiding and adlinistrative silp-beeii l.eguineproduced udler the title 
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Iased technologies fbr soil improve-fertility 

ient anl weed coiitrol--am approatch to 
technology targetilig . The group his begun 
to asseilile aIdatalMas, of detailed i:.;,. !! 
tio1
o more than 200 legume species. 

Tle I1 workliop inBeni n reviewed 

i;,tliodologies for
expamding lainier partici-

patiol in on-1arm experimentatoc, "Thledis-
ctssions were guided by recent experiences 
ofthe Bei imeiiibers inworkiiig with farm-
ers on legume-based techMologies. (See :arti-
cleon ftriier participatim in the Resource 

:1d (:rop Ialnatgenlent section (ifthis 
report.) 

farimers' productivity and lelp theln meet tle 
food needs of i'alitllv growing populattions. 

The funding ieeting was held inJne 
1991 at ir.%. when tw) committees for breed-
iig and cropping systems were elected. Tle 
melmlber institutes selected ''Weed control 
tend soil fertilitymaintenance through the 
use of legtilninous species" aIsaItopic for 
joiiitresearch. Tile niew committees met to 
develop an actiomi plan inSeptember, at the 
Elkona stattioii of Cainerom's Imistitut de 
recherche agro',Iniqtle (IRA). 

'lb begin research oii the introduction of 
legumes into roott-and-ttiber cropping sys-

Thie nitiomal iiieiiiber iimstitutioiis of CIOMi, teins, the members decided toclh:iracterize 
.ire: 
Benin: 
Projet de reclierche appliqtite en milieu reel 

imw((die LiaProviice de \ommo, l)irectio!m (de 
reclierche agroomique (tom\)Niaoili 
Camneroon: 
Itlstitut (Iei'echeiclie :agrolitoiiljie (.\O) 
liamenda aid ol.i;armta 
Cite d'Ivoire: 
Iilstitilt des ,:Iaames (n B>).ltouak 
Glana: 
Crops Reseatrch Institute (cFm) rains(ama 

Development Project (;thI). Kunmtsi 
(rops Research Imistitute (cm) Nyaklpla 
:\griciiltirial Experimnemnt Statiomi N.\rs), 

'Ihmale 
Nigeria: 
Institute of Agricultural Research and 
Irtiniing (IAo&ri. ()afemi Awolowo 
IIiversit IbMdami 
l,titute firAgricultural Research (IAR). 

Smnarii 
Zaire: 
Service iational de recherche :ippliq ue et 
vulgarisatiom (.,,!\w~\ LlKinshasa 
Ilr\i'represenited in,fmi,,by scientists in 

the SaVamma Sv'stemmis R~:earch Grliip. 

CORTIS 
0ii\, \nts, formed in 1991 :is a iieiins of 
inftegr;tting two streans (If root and tuber 
crip researcb: breeding improvemeinit and 
crop inainigement. 

Tle coll> gotl isto encourage interactioi 
between scientists in both streais for addi-
tiolia' iip:ct, and to avoid (hiiplict,ioll of 
effort. Tlhe ultinmate :imlisto produce 
iiproved technologies for root-and-ltuber-
based cropping systems, toihelp iiicrease 

their target zones anud cropping systems 
using procedtires similar to those developed 
1y iol\ms. Criteriat for selection of appropritte 
leguininos species will be bMsed 0i the 
characterizatioi of the biophysical aid 
socioeconoiiiic environinent anld croppilig 
ptterns. 

The menibers agreed to collaborate iin 
varietal testing on farm, with the involve-
nrient ofbreeders is \well as agrmmomists and 
farmers. 'The varieties to be tested will be 
selected in confornity with fIrmers needs, 
with the aim that experiientatl results reflect 
apositive response to the selection from 
farmers. Aframework for varietal targeting 
and on-farm testiig isbeing develolped. A 
traiming workshop oii the topic isbeiiig 
organized. 

'The natiomal member instittiimis (Ifcoioris 
are: 
Benin: 
Directim de recherche agrominiique (m), 

Niaoili 
Cameroon: 
iistitit de rechierche agrorlmiue timt,), 

Nkolbisson and im-.Ekomt 
C6te d'Ilvoire: 
Iln'titt des sa'anes (llDESS..) 
Ghana: 
Crops Research Institute (cm),Kunisi 
Guinea: 
Centre de recherche agronimiqiie, Foulaya-
Kiiidia 
Nigeria: 
hIstiiute for Agriciltiral Researchi and 
'l'aiinmg (i.\R&r), ((bafenmi Awolowo 
Iiniversit); Ibadam 
National Root Crops Research iistituite 
(Noci(i), I"adeggi 

I niversitv of Ibadan 
Kenya: 
Coistal Agricultural Research Station, 
Kikaimbala 
Malawi: 
Ministry of Agriculture, BvNtmbwe Reseatrch 
Statiol, Liibe 
Mozambique: 
Natiomitl Agricultural Research Institute 
(iMn..\-t)M\s), Matl)tO 

Rwanda: 
histitut des sciences agronomiques du 
Rw anda(is..) Btutare 

Sierra Leone: 
Institute of Agricultural Research (mAH),
 
Freetown
 
Tanzania:
 
\iniistry of Agriculture, Mwanza
 
Zaire:
 
Service natioimal Aie
recherclie appliquice et 
vutlgarisation (sxA\o..), Kinishisa 
r.'\
isrepresenited in coliorus by scientists in 

the Ilunid Forest Systems Research (;roup. 
Tile Freiicli tiaie for cors is 

Coll:il)orattion pour les syst~iies et I'amelio
ration des pamites Iracines et tuberctles 
(CosAr). 
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NETW O RKS 

Networks are associitions of scientists or inultidisciplina'y groups that have acolnlmoti goal,. 
The imti,,to coinplenient research programis within and across natioml boundaries. Network 
activities can be limited to inliformation exchaige. or encompass collaborati'e planning. 
implementilg. andllmonitoring of research activities. lch participant in :t iietwork usually 
assume,s aspecific responsibility lor tle benhit of the network. International agrictltural 
research Centers such :as iiT\, and other institutions ill developed contries, support and coi-
pleiiuit research inithe iietmork mnmber counitries. 

Ill the fohln iIig pagees are repirts on current activities of the three networks which irr,\ helps 
to oordinate: 

* .. urmi\lit Farmig Netor'k for 'liopial :\frica (\H:I:,) 
• last and Southern Africa Rout Crops I'+search Netwiirk (I's.\wmi\ ) 
0 The Soii :inil Plaint A..vItical laboratories Netwirk of Africa (.i. \) 

AFNETA: 

a village-level approach 

Tile \. tam,11)1 represeited tile third year lof 
the fir"t phase ol'the x',aI researchl pro-
,Jril )I,Y)- t)ti). The majoir iibjectike ilf 
the pli:i i, ti stlablish tle basic trials 
required to osessi rdeiiistr:ite time biilig-
ictl teaibilit%ut01ie ailey farming, Sestln. 
The plit', al>ii seln as time ',perielce-
bumildiul pha, i'iir in01 of!ithe nttiomal pro-
m Cl'ui i1:\e ha:d little experi+scitult%s wIl) 
eouce ,ifaltl'} f:mrming. :uid therefire require a 
peiiol iif iriullatiiol n ld fIalniliarizatim 
with itsi:riucilel. miethiIs. aid practicts. 
Nu\\ t1a this phasc iscilnumgto mulenud, tihe 
Siciis u'tlt' met'i rk isoii lmoiadipta•le 

:tlle} I'Muiumg is,l haiiiphau>thluhla Shifted 
friiii ll-statiiill trials ti il-f:i'ml t'ials, 

In,i)t., p , if I I- f;tmmrmtI'i:ls it'r being c II 
dhltted: m{inext+'ri'ilitlla ll-illlta'+.mreseacli 

\llhich ti>t,) ml:t tIhe(dileM+it cdiipiiere 
110l1', oii-ff l l0 'tsl'h S TS:lie\014M +lll t>,
klemts, pliurtd l'sllemu trditimal fuillin, 

etc.. aind 1li de\.elipillt'mtal imi-"faMmll 

r'lt''ch hiich assCs tile :1h itahilit\ ifi 
I:ii'icli' }te..m uch s llei fl'rmiMilug. 

Th' em'imumleictal t} pe If':tctik it\ ham,, 
l'etm''''d lIll hcilmlie attelltisill :t1d hi, Cuin
,tiiitted th,' hulk (it -aiim r.eMch mti i3te. 
A-rli',tl 01 far++,rap0mr'its of aIlleJ! iing,are 

Discussing results of alley farm research with cooking 
bananas and leucaena hedgerows near Mityana, in 
Uganda.
 

conducted at dilfereit sites with different 
lcvck i' iariner particpitimi. It lroduces 
results which can be amalyzd stattisticalI\: 

)evelopmental mii-farln reseaIrch repre-
seits tile new locus ill mi-larmiresearch. It 
iolves thi'ee iiaii steps. 

The first step (exploratory) hIs a ldemioii-
stratiii objective. The goal isto get aley farnis 
eStablished on fewy offariirers' plots (maxiniml 
' farirlers) withill a paiticilar target area. 
li' deiniistratiiin and practic:al piiposes. 
F:rmers iay be apprailued il imdividual 
b:asis for this pllase of activity Researcher 
illput amid invivenlent il actual field wivik is 
high at this early stage, since farmers' irider-

i 
• - . 

staiding, perception, and Colnliitienit will as 
yet
be lo: The farme'. however, clears and 
prepares the laidi, and plaints his food Crop, 
before the researchers cole into organize the 
establishment (f lthe tree hedgerows. 
Tlhroughout the establislhment period, the 
researchers need to visit the farmers regularly 
to discuss mlanageinent anld operational issues 
and observe progress if the trees. 

The secondli ste) linteriiietiate), aims to 
increase farmers' understanuding and 
invii+eiment infieldativities, aind allows the 
illitiall tssessllelt iffarilers, interest and 
capability inlthe establishment aiid manage-
Ieit of -lev It involves p'rticipatiolfarms 
of faritiers in groups ol'between It)and I. 
Farms established during the exploratory 
phatse are used as deiniinstratiin fIarms iio 
explain the coicept. structure. :11(1 manage 

of the system 
Thmev are able ti see and understand the 
experimental resilts and are able to play t 
moore direct and increased role iil the estah
lishnent if the ledgerows. Biioth researchers 
and farmers are responsihle for all field 
activities during this phase and alot of effirt 
goes into identifying fiarners' concerns and 
impressions. 

The third and final step inithe develp
inetil ii- farmn research process isthe pilot 
project, which involves the intridiiction and 

assessment of the s\'steln at the conmllitv 
level. This isthe poiit at which extension 
involvement isait peak .ind extension 

iiieit ti these iew farmers. 
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methodologies are used to introduce the 
concept to the farmers' comimiiunity, for 
assessment of its adoptability Researcher 
involvement ill actual field operations is 
completely withdrawn, and farmers take on 
full responsibility for establishment and 
nanagement of their alley farms. The farm-

ers are made to see the aley farms as their 
own plots rather than as research plots. The' 
are free to make modifications that the\ COl-
sider necessar\ and adjustments ill the oper-
atioll schedule, to fit their own circul-
stances. Issues, both socioeconomic and bio-
logical, that might arise as aresult (Ifintro-
ductiol) of the tecllnology are identified and 
discussed. 

(ollaboration (f an agricultutral extension 
or development agency isnecessary for the 
proper implementation of this phase, which 
isco.midered as the ucleus Of tile 
research extension overlap ill teclhology 
transfer. 

At tile end of this instructioinal and rela- 
tionship-building process. farlers who indi-
cate their willingness and eagerness to le 
ilwolved ill trials are enlisted and providled 
with sedlings to establish their own ,tiley 
farms. 

On -farm activities are being conducted by 
II national prograns in tile hllluid and sulb-
humid zones where there isrelatively more 
experience and information on tile system. 
Most of the other sites are just getting started. 
lowever, there isno douit that on-farm 
research isessential to assess the adoptability 
(If:lley farming. I)uring tile second phase of 
tile progral. tile network plaiis to concen 
trate wholly oIl this oil - farm :iproach. 

ESARRN: 

solid grounds for root crops 


-

Established in 1987 with II cottrb.ies a1 
memlbers, the E,ast and Southern Africa Root 

Crops Research Network (-s..RN) aims to 

increase cassava and sweet potIto productiv-
ity' among resource-poor farmers ill East and 
Southern Africa. through adoption of teci-
nologies which stabilize production and 

optilnize producti\ity while sust:li ninlg the 

resource iase. The first phiase, which entds in 
Septemler 1992, aims to develop research 

collaboratioin aIllOig inational programns aid 

support the transfer, exchange. and adoption 
of improved varieties, agronomic practices, 
postharvest, and other impiroved tecMolo-
gies for cassava and sweet potato production 
and otilization. Collaborative research and 
training are the chief mechanisms for 
strengthening national programs. Expected 
project outputs of the first phase are: 
0 An effective collaborativ'e regional 
research system supported by national pro-
granis; 
* Gen,'ation of useful germplasm and 
improved varieties adapted and acceptable t(o 
farmers id consumers; 
a lienchlark database for cassava and 
sweet potato production. croppillg systems, 
and prodtlction technologies: 
* Characterization of postharvest handling. 
rural processing, antiutilization of cassava: 
0 Effective transfer of germplasl and nl-
tiplication of varieties in the region and pro-
nlotion of farber adoption: and 
* Production technologies that are eco-
nomicallv viable and SuLstainable. 

Funding of the network isprovided bv the 
United States Agency for International 
Development (Is..t) and Ilternational 
I)evelopment Research Centre (lICK). irA 
provides technical backstopping oi cassava, 
while Centro Ihternacional de I:aPapa (cII') 
supports sweet potato research. 

Exchange of superior germpilasm by the 
inalional programs liais gradually increased 
silce 1988 when Rwanda was the onl\' cOlin-
try generating and distributing gerloplasm. 
Multiplication and distribution of selected 
high yielding v:irieties have also gained 
nmnilentiIn. Ill Rwanda. for exanlple. 80,000 
slips of sweet potato and 180,000 cuttings of 
cassava were distributed ill 1984. This 
hlcreased to 9.3 million slips of sweet pottlo 

and 800.000 cuttings of cassmva by 1991. 
armer adoption has been proloted ly 

nlerous field days onifarmers' fields as 
well as on-station. On-farm trials and 

demonstrations promoted y tile programs 
ill I \glnda.Malawi, Zambia, Rwailda, 
Mozamlbique. and Tlanzania also offer oppor-
tilmities for rapi(d farmer adoption. In 
Rwallda, for example, il Iwerage yield of 2i 
tonsha of fresh cassava roolts is obtailed 

under imprmlved management with improved 
varieties compared with 10 tons, hia under 

trmditional management with local varieties. 

irrA jointly sponsors the collaborative study 
of cassava ill Africa (CosCA) which is 
designed to address the sociocconomic 
aspects of cassava production i0 major cas
sava growing countries of Africa. loiti:lIl.: 
C:)s:A sorvevs were condocted only ill 
U1ganda anld Tanzania. Ilowever, through 
-SARIM they have been expanded to include 
Zambia, Keyiia, Rwinda,. Burindi, and 
Malawi. 

Through COSCAuseful information isbeing 
obtained on the social aspects of cassava and 
sweet potato production. Preliminary resolts 
of cos(:sstudies indicate that five basic food 
products call be obtained from cassava: 
flours, graniles, fermented paste, sediment 
starches, and boiled fresh roots. Inadditioln. 
cassava leaves are eaten as vegetable and fer
mented tdrink, are made fron the roots. 
ESARN alsoI)plays ain ilportant role in the 
characterization of postlharvest handling, 
rutral processilig, anl tltilization of cassava 
aod sweet potato ill the region. Ra' ,Still
dryiig and storage technologies which will 
reduce postharvest losses of cassava are also 
being developed in IIganda. and new foods 
from fresh cassava roots are being tested in 
Zaibia and Malawi. 

Although all network objecti\es have niot 
been fully realized, root crops now occupy an 
important place in the national research pri
orities of the region. This isreflected ill both 
goverlment planning documlents and budget 
allocations. InMalawi. root crops have been 
designalted the second most important crop. 
Root crops iave :list assunled greater 
importance in Rwianda, Zambia, Uganda, 
and other participiting countries. 
Government has also piaid more attention to 
training. Since 1987, 14 iational pirogram 
staff ha\e been trained at iho level and 16 at 

.asc level. Ii addition, 907 national prograns 
staff a(ttelided ill-colltry traillilig courses 
while 17 atteled regional courses. 

SPALNA:
 
towards bet4er analytical
 
services 

Established ill February 1991, the Soil and 
Plant Analytical l,alboratories Network of 
Africa (sI,.%l) isone (If the first altelpts :t 
collalioratiOll allim(Ig laboratories. It aims to 
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improve soil and plant analytical services to 
support research innational agricultural 
institutions inAfrica. At present ithas more 
than 100 laboratories in30 African countries 
as members. 

The network emerged froin the training 
courses oilsoil and plant analysis organized 
by in,
since 1980. Indiscussions among par
ticipants, itbecame evident that soil and P
 
plait analysis laboratories inAfrica face
 
similar problenis which are difficult to solve
 
individually. The mlost important issues are:
 
* Eqtuipment maintenance: Most of the
 
laboratories depend ol imported equipineiit
 
which isvery expensive and difficult to
 
mailtain. doe to nonavailabilit) of spare
 
parts and lack of trained maintenance per-

S illtel.
 

* Training: No African university/pol)lech- Helping to improve equipment and techniques Inmember laboratories. 

nic offers courses iii soil and plant analysis,
 
and use of laboratory e(qlipileilt. ttence desigil training courses and training materi
training isoften on an ad ioc basis. als relevant to the needs of network mem 
* Supply of equipment, chemicals, and bers. Courses will be designed to improve the
 
consumables: Most of the equipment and skills of the technicians and train new tech
supplies needed are imported. llence, there is nicians. Such courses will cover laboratory
 
usually adelay ill management, quality control, equipment
t)urchasing them, added to 

the fact that supplies get mixed-up, lost, maintenance, etc. The first course on equip
expired before they arrive, etc. ment maintenance wvill take place at the
 
* Quality control of data: l)ata from labo- University of Nigeria, Nsukka, inOctober 
ratories inAfrica are of low quality due to 1992. 
equipment problems, low purit' of chelii- 'The network also hopes to centralize the 
cai., unskilled staff. lack of reference sam- purchase of supplies inorder to ensure that 
pies, etc. high quality materials are available to its 
* Collaboration: Laboratories inAfrica are members. 
deficient inso many areas,. lence it is diffi- To encourage collaboration, check sam
cult for them to fuictioii efficiently The sire-pies will be distributed among laboratories 
ilar nature of the problems and the inabilik and adatabase of existing equipment and 
to solve them individually necessitates acol- expertise inequipmient maintenance will be 
laborative effort. established for member laboratories to con
* Infrastructure: \Water and electricity suilt. To address the infrastructure problem, it
 
supply to African laboratories isvery erratic ishoped that eventually all collaborators will
 

.and presenit amajor constraint to the effi- be self-ststaining-have their own power 
ciency of operationis. generators or borelioles, for example. 
* Laboratory management: Laboratory 
managers need to be exposed to new Ilall
agelnient techniques and tools, particularly in 
laboratory information management. 

SuVLNAi has selected an international coor
dinator and ageneral secretary and will 
begin to publish abiannual newsletter early 
in 1992. 

With its varied experience illnetworking, 
i'.isproviding support to the establishment 
of the network invarious areas. iTA helps 
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MAJOR RESOURCE ALLOCATIONS 
Values in us $ thousands Research Activity 51.2% 

ResourceandCropManagement 

Administration 
and Operations A 
25.7% 

.... ... . Roots and Tabers $1795 

Depreciation 
15.6% 

PestControl $1749 

Training.. 

4.1% 
Information Services 
3.4% 

ResearchSupport S1641 

Maize$1203 

Nelooveti,eciicoiees 
idhl(,deBionetim(,Anclyti~colServices, 

Ge tric esoutesVirologt.fori,tMnogrnent.u ong others 

Cowpea and Soybean $1077 

International Cooperation $943 

INVENTORY OF RESEARCH PROJECTS 

(C' irslLrrs [ocalion Duration 

COMMODITY IMPROVEMENT DIVISION 
Root and Tuber Crops 

nI , . i nd diotributon cole 

core 

core 

core 
cole 

-,AT'. V, . 

ji y rAustralia, 

ri'c' 

r;, 

teu,,en 

Colombia, 'Jigemria 

Derinrrrar 
Nigeria 
var. s,tesW C Africa 

vaor vt/S C Africo 
Belcpufnrnr(i 

continuous 

ccrfnuous 

continuous 

Cn,'nuous 
cn~rtrnLCnri 

Maize 

50 	 r . , 1 d 1jr,I r .i , i , 1,i* hin -, 

es elitllIn rfr 'n ti , , fann 2i: rI,ir('hin ,. cpI 



~Project title 
'' . '. Funding 

sources 
' Coeratinig 

Institutions - ~ Location Duration 

Drought resistance 
Grain quality and utilization 

core 
Guinness 

SAJGRAD 

WL.&TiIER 
Nigeria 
Mali, Nigeria 

continuous 
continuous 

Maize breeding for the, forest .. 

Downy mildew resistance 
Stem borer resistance 
Husk cover and weevil resistance 
Grain quality and utilization 

Maize breeding for the midaltitudes 
Yield potential 
Disease resistance 

. 

. 

.NieaPc 

. 

.Guinness 

core : 

core 
core 

Nigeria Plc 

core 
core 

, &I 

-

Univ. of Benin 
tA&T 

uIc, NCRE/I A 
NCRE/IRA 

Nigeria 

Nigeria 
Benin 
Nigeria 

Nigeria 
Nigeria, Cameroon 

continuous 
continuous 
continuous 
'continuous 

continuous 
continuous 

Germplasm enhancement 
Strigaresistance inmaize landroces 
Characterization of maize germplasm by environments 

Outreach .. . ..... ...iOutrei,ch : -: '

core . 
core SAFGRAD,C WAY'T 

U/U' 

Nigeria 
Nigeria, C61e d'lvoire, 
Burkina Faso 

continuous 
continuous 

SA:FGRAD , 

International trials 
Collaborative research with NARS 

.USAJD 

-

s~ DoAu/USND 

NARS 

NARS 

Niger 
Nigeria 
Nigeria 

continuous 

continuous 
continuous 

Plantain/Banana 
Plaonain/bonana breeding foi'durable host plant resistance to 

:'sigatoko disease 

Musa germplasm enhancement using in-vitro culture techniques 
and biotechnology 
Development of improved systems for sustainable and perennial 
plantain production 

USDA/ARS, 

NIHORT,C BP, 

AGCD 

USDA/ARS 

INIBAP,KULeuven 

NIBAP,KULeuven 

KUIeuven 

Niqeria 

Nigeria 

Nigeria 

1987

1983

1980-

Genetic Resources 
Interspecific hybridization of Vigna spp. 

Molecular methods for genetic mapping and detection of genetic 
diversity in Vi9no spp. . 

Cowpea plant regeneration and genetic transformation 

Virus characterization and diagnostics 

Italian univer-
sties, Italy 
Rockefeller 
Foundation 

Italy, A'JW 

VRS,Univ. of 
Missouri 

Purdue Univ. 

Univ.-of Minnesota 
." 

d Purdue Univ,, 
Italian universities 
VRS,Univ. of Missouri 

Nigeria, USA 

Nigeria, USA 

Italy, USA ' 

Canada, Nigeria, USA 

1989

1990-92 

1989

1990-

Grain Legumes 
Breeding for resistance to Maruca pod borer and pod sucking 
bugs incowpea" 
Cowpea varietal development for humid forest and Guinea 

core 

core 

U1 Nigeria 

var. sites, W & C Africa 

1989

1971-. 
savanna zones 
Cowpea inturnational trials 
Nationally coordinated research on cowpeas 
CowpeO improvement for cereal-based systems- improvement of 
local varieties; genotype x environment analysis; resistance to 
5ttigo, Alectra, and Moruca. 
Soybean breeding for the savanna 
Soybean international trials 
Studies on promiscuous nodulalion 
Yield physiology of cowperincluding studies on photopetrodicity, 

ten perature response, water, radiation use 
Intercrop physiology of cowpea 

Development of cowpea and soybean for Ghana 

core 
NSS 
core 

core 
core 
NIFTA 
core 

core 

CtiDA 

tA 

W, CRISAT,ABU,Univ. of 
Reading 

NIFTAI 
Hawaii, Univ. of 

Reading 

Co, OP:Ghana 

' var. sites, W &C Africa 
var. sites, W & C Africa 
Nigeria ' 

var. sites, W & C Africa 
var. sites, W & C Africa 
var. sites, W &C Africa 
Nigeria 

Nigeria 

' 

continuous 

1975
1990

1978-' 
1982
1982
1989 92 

1989-92 

1985 

Note; The core budget isused to fund those research-ielaled activities 
'~'essential finmeeting the CGLAR'Sobjecives far developing countries. '' ' ' 
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PLANT HEALTH MANAGEMENT DIVISION 

Studies on yield formation and interactions b~en the cassava cote 'Ur. 
plantiits pests, and the climate throughout the entire growth cycle.: -, -
Choaracierization of aspects of the biology and key interactions in core UNDP MtA CLT, Univ. ofthe surrounding agioecosyslem o M. anaooa- Amsterdam 

- - FrdNigeria, 
c ti"Sierrateeone, 

Eiects of fayieng practices on he biological control tf the cassa core 

vo:: .... ::.amelybug:: '" 


Impa of Ariaton ca va mosaic virus on yield and development UN--


disease resistance ratang system 

Sweet PotatoN
 
Biology and control of yam anhracnose .Nigeria 


of ea unew 

; Development and testing of sweet pto1o Virus C0NA probes 

M aize 
SAnalysisdothe maize ecosystem with focus on the most imprtantSepdlopterouS pests of West Africa .Univ., 

Effcts oaing percton the spp and hetr epdemiologybiologo 

: "development af improved rsistance screening techniques; ,improvemen fressance evels thugh heuseoexotc 

" -germplosm; studies on the use of biological agents and 
" agronomic practices for Striga control "."ICharacterzaion of maize pathogens o y acore 

Epidemiology, vector biology, and resistance bcore 

streal virus cu 

inwrthucoicn of ecologically and 

epteconomically sound pest manfgement strategies adaped to 

S subsistence farming systems :•_. 

Feasbilysstudy for the 

Studies on virus diseases of owpea 

Soybean s 
Bilogyetof r bloved tch 

Pstrve uiru 

Studies on rogeye leaf spot disease 

s 
S •Plantain/Banana "' i rBiologyMycosphaerellafiiensiceof 

d e oA 
segUniv. 

causal agen of block 

r 

grmp.igasokaScreenrigdiseaseplantain and cooking banana for resistance 

Effecisof ecological actors andgsonomic pracices on pest 

v:': disase : : 
sussintenc 

' Studies on irus of-cope :: .:'":onmc2l, ,ondps manaemen strteie adapte toge
farin

Soybean....': < ,-,: -:.:; :; :.i ....... . .. ... 

Ecasibical studies onthe introduced e rai orer incslaed 

Aserillusflavus prevalence, toxicity pattern, other stdies: 

core, UNB 

core 

core, SC 

Rockefeller 

cbrack 

Rockefellr soc 

-', : 

: , . : 

Roieele 

IcA, SDC 

' W,-Wl; . : 

Univ. of eiden EH 

" 

-- U 

stdCa 

Agriculture Canada 

. .. 

CABIE, Simon Frazer.Univ. of Reading 

Old Dominion Unv,, -


Univ. of Hohenheim, m,.
Univ.ofNsukko 

: 

NRITexasdA&MmUniv 
Univ. of Illinois N 

ng 

EH, Univ of noval, AUW, 

UC, U oI,ItCa 

AUW 

,01, 
ofJos 

niv. o a 

FHIA,INIBAP 

-!BC CAT, Agriculturev.i 

Benin, Nigeria 

Benin, Brazil,Cameroon, Colombia,
'Ghana, Netherands, 

Rwanda,
Uganda, 

Zaire, Zambia,-Benin, Ghana, Kenya, 

Malawi, Tanzania,
,: ZambiaNigeria 

: 

" 

o, mb 

G aYm, 
R d992-93 

Canada, Nigeria :'' 

"" " : 

Benin, C6te d'lvoire, iGhana, ada , 
aNigeria , 

Benin, Burkna Faso, I 

Cameroon, C6te"dlvoie, Nigeria, Togo 

• 

Nigeria 
Nigeria, Uganda 

Benin, Netherlands, 

Nigeria, Philippines 

Mozambique, Nigeria 

Nigeria a99194 
Nigeria, Zambia 

' N igeria T991-94 

Cameroon, Nigeria 

BeninoN igeria,Uganda 

1982-93 

1983-95 

1988

1991-92 :_i 

1990-93 

1 " 

1989-95 

1Q98-5 

" i 

':." 
- - :1991-95 

1989-94 

1987-95 

:. , -:1990N93ig 

991-93 

./< :.:: 

1991 

1989-93 

-" AIWMzabqe: -'' '',:;! Niera 1990"-93=::"";""ABU ifund usedNg thosrihlpiesrhfldatvis 
metnsystems bjciesfrdeeoinontis

-. , oe' h aetu g suedI udt~ e e ethieae lvfe ; 

INI, Uio oyal,EAL, Benin, Hondurs 198-95 

'"Texas A&M Univ. Beninoi 1929US 



Project title 	 . 

Biological control 
Mango mealybug 
Biological control of the mango mealybug by the introduced 
parasitoid, Gyiranusoidea tebygi: quantification of Impact in 
different ecological conditions . 

Water hyacinth 
Rearing, releose, and monitoring of Neochetina eichhornioe, abeetle feeding on water hyacinth 

B!ioratianal control of acridid pests 

oil as a possible alternaive to insecticides used against 
locusts and grasshoppers 

Joint biological control project against locusts and grasshoppers 

: oNeem 

Development of national biological control programs 

Faunisi'ic and systematic studies 
Develo'pment of insect museum to support ecosystems analysis 

RESOURCE AND CROP MANAGEMENT DIVISION 

Resource Management 
Characterization of environments, resources and constraints 

Mapping of ecological and economic resource information and 
productive potential for West and Central Africa in a resource 
information system (RiSIand geolographic information system 

Characterization of resources and resource management in 
Indigenous farming systems 
Characterization and development of the Mbalmayo site 

Adaptability and adoptability of alley cropping systems
 

Adaptive capabilities of hedgerow trees 


Weed management inalley cropping 

A.NEIA research projects
 

Multipurpose tree screening and evaluation fon-slation) 


Alley farming management trials (on-station) 
-On-farm research with alley farming 

Multipurpose capability of herbaceous and shrub legume-based 
cropping systems 
Development of ogroforestry systems for the humid forest zone 
Determinants of sustatnability in cropping systems
 

Concepts and methods Insustainability research 

tng:term sustainability of alley cropping systems 

Comparative systems studies "~GTZ 


Development of models 'and support systems for integrated 
management of tropical soils'''
 

Integrated nutrient management for acid soils 

Nutrient cycling inalley cropping systems 

Dynamics of soil organic matter' 

Regeneraf on of degraded soils 


Biology and control of Impra r clin'cl 

Note The core budget isused to fund those research-related activities' 
essential inmeeti.g the C-- objectives for developing countries 

______ ___ ___ .:___:, __ . .. 	 . .. 

runaing 
sources 

SDC 

GTZ 

GTZ 

USAID,CIDA,ODA, 

DGiS 

GTZ,Austria, 
UNDP 

Austria 

AIDAB 

-

AJDAB 

USA.D 

core 

USAID 

IFAD/1DRC/CIDA 


(FAD/iDRC/CDA 

core 

core " 

core 
coe. 

core 
core 
AGCD,DG4S 
core 

core 


.. . . . .. .. 

Cooperating 7p. 
Institutions 

Univ. of Leiden 

:, 
CPO, 18 

Univ. of Giessen 

iBC, OfPV, 

NARS 

1BC 

ANU 

NCRE, NCRIIRA, 

CSIRO,Obalemi 
Awolowo Univ., Ui, 
National Herbarium 

Univ. of Hawaii, 
Michigan State Univ. 

ICRA,Oregon State 
Univ. 
-

-
-

CRA, iRA, NCRI,OAU 

Univ. of Gottingen 

,SB 
KULeuven, iSF 

-
.	 .. . 

7 
'Location 

Benin, C6te dlvoire, 

Gabon, Ghana, Guinea
 
Conakry, Zaire,
 
Nigeria, Sierra Leone
 

Benin 


Benin, Madagascar, 

Mali, Niger
 
Benin, Morocco, Niger, 

Oman, UK
 

25 sub-Saharan 

countries
 

Benin, Cameroon, 

Nigeria
 

W &CAfrica 


Cameroon, Nigeria 

Cameroon 

Cameroon, Hawaii, 
Nigeria 
vat. sites, W & C Africa 

Cameroon, Nigeria 

var, sites, W & C Africa 
vat. sites, W & C Africa 

. var. sites, W & C Africa' 

Nigeria, Cameroon 

' 	 Nigeria,":' ' 

Nigeria 
Nigeria 

Cameroon 
Nigeria 
Nigeria ~ 
Nigeria 
Nigeria 

.. .	 .. . . . . . . . 

Duration 

1987-93 

199 
1991-93 

1990-92 

1990-92 

1990-96 

1991-93 

1990

1988- 1 

1991

'1989

1989

1990

1990
1990
1989

'1989

1989
1989
1989

1988. 
continuous 
1988
1989
1988, 

53 
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Projct itle l 

Cr Management 
Hurid forest systems 

Characterization and diagnosis of cassava based systems 

Strategic crop management studies 

Adaptability and adoptablliy of alley cropping 


Development of improved technologies for cassava based 

systems
 
On-arm validation and impact of improved technologies 


systems 
Characterization and diagnosis of savanna systems 
Development of improved technologies for maize-based systems 
Impact of improved technologies 
Integration of legume-based technologies into farming systems 

Impact of evolving production systems on Striga 

Determinants and consequences of intensification 
Inland valley systems 

Chajocerization and diagnosis of inland val'y swamp systems 

Mapping of ecological and economic resources information 
Strategic crop management studies 
M 

INTERNATIONAL COOPERATiON DIVISION 
CRE 

Development of institutional capacity !or research on cereals 
and facilities for transmit:ing research results to faimers 

Ghana Groins Development Project 
De.elopment of varieties for major environments of Ghana 

Ghana Smallholder Rehabilitation and Development Program 
Developmentl root and tubercrop production inGhana 

.
SAfGkAD 
Development oF improved varieties of maize and cowpeas and 
iniproved cultural practices with farmers insemi-arid regions 

SADCCCowpea Research Prolect . 

Development of cowpea production inSADCCcountries 

ESARN 
Development of improved cassava and sweet potato varieties 
or sustainable production inEast and Southern Africa 

Af-ETA 

Applications of alley farming as abasis for sustainable farming 
sytm 

'--.44-

-~ -K 
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Fundingsources 

core, Univ. of 
Helsinki 
core 
core, Ford 
Foundation 
core 

c 


core 

core 

core 

core 


core 

core 

DGIS,core 

DGIS 
core 

USAID 

CIA 

USAiD 
-

EEC 


' 


USAID,IDRC 

CIDA,IDRC, 
AN'IDA,USAID, 

IRAD -d~voire, 

-

-Note: 

Coopere-ng Lto 	 Duration instituticns la tionsratin 

Univ of Helsinki Nigerian 	 1989

ui Nigeria 1989-
U1,NIFOR,EEC Nigeria 1986-1992 

EEC var. sites, W & C Africa 	 continuous 

NARS vartsites, W &CAfrica continuous 
doSavanna 
NARSin17 countries sub-Saharan Africa continuous 
VRNigeria continuous 
DR;"cPi Benin, Ghana continuous 

Benin, Cameroon, C61e Benin, Cameroon, Ci6te continuous 
d~voire, Ghana, d~voire, Ghana, 
Nigeria, Zaire Nigeria, Zalre 
1AR, AESIRA CamLroon, Ghana, continuousINorth), 
PASCON/ FAO Nigeria 
IAR, Ghana, [tiaeria continuousNAIS 

Univ. ofGembloux, var. sites, W & C Ai,ca 1990-
WARDA,NARS 

Winanol Staring Centre ,ar. sites, W &CAfrica 1990-
AUw, IM, RCA var. sites, W & C Africa 1990

iRA ,'meroon 	 (Phase Il) 
1991-95 

CR1 Ghana 	 (Phase1ii) 
1990-95 

c;1R Ghana 1988-92 

50 Sahelian countries Burkina Faso 	 1986-92 

Angola, Botswana, INIA. Mozambique • 	 1990-93 
Lesotho, Mozambique,
 
Nomibia, Swaziland,
 
Tanzania, Zambia,
 
Zimbabwe
 
Angola, Burundi, Malawi 1986-92
 
Ethiopia, Kenya,
 
Madagascar, Malawi,
 
Mozambique, Namibia,
 
Rwanda, Sudan,
 
Tanzania, Uganda, .
 
Zimbabwe .
 

Benin, Burkina Faso, 
Cameroon, C6te 

Nigeria 
- . . . 

IY989-93 
-

Ethiopia, 
Ghana, Guinea, iberia, . 

Malawi, Nigeria, 
Rwanda, Sierra Leone, 

-

Tanzania, Togo, 
Uganda, Zaire, Zambia 

-

The core budget isused to fund those research-related acivilies 
essentil inmeeting the CGIAR'Sobjectives for developing countries. 



Funding Cooperating 
Project title 	 sources Institutions location Duration 

4arm adaptive.research_.for cassvoa,t-ice,omaize, ..	 ;.. 2:77 - " L eJ;ullraos,.., igra _ 2. .99 ' 
L-p 71-. ____,- uBeiBrnaFaso_ Nigeia . I,990_92~ 

cowpeas and soybean in tropical Africa, Cameroon, Chad,
 
Support for vwide multilocation testing, multiplication, and , Congo, C6e d'lvoire,
 
distribution of improved varieties Equatorial Guinea,
 

Guinea, Guinea-Bissau, 
Ghana, Mali, Nigeria, 
55o Tame &Principe, 
Zaire 

Utilization of cassava flour inbaking bread 	 AGCO KULeuven, RVAU Nigeria 1992-94 
* Improvement inexisting technology for baking bread, using 

pure and partially substituted flour 
Regional Research Project on Maize and Cassava France, CGAR Benin, Cameroon, Nigeria 1992-94 
: 'St~engthenwng of N. Sof West Africa to conduct adaptive 	 Congo, Gabon,. 

research, and to promote increased regional collaboration with 	 Guinea, Nigeria, Toga 
IAPCS 

Note, The core budget isused to fund those research-related activities 

essential inmeeting the CGIAR's objectives for developing countries. 

Acronyms used in the inventory of research projects 

AsBUAhmadu Bello University (Nigeria) United Nations NCRE National Cereals Research and
 
AFNETA Alley Farming Network for Tropical FHIA Fundacion Hondurena de Investigaclon Extension Project (Cameroon)
 
Africa Agricola (Honduras) NCRI National Cereals Research Institute
 
AGCD Administration generale de la coopera- GGDP Ghana Grains Development Program (Nigeria)
 
tion ou developpement (Belgium) GTZ Gesellschaft fur Technische NIFTAL Biological Nitrogen Fixation 
AIDAB Australian International Development Zusammenarbeit (Germany) Technologies for International Development
 
Bureau IAR Institute for Agricultural Research, Somaru (Hawaii)
 
ANU Australian National Univers;ty (Nigeria) NIFOR Nigerian Insitute for Oil Palm Research
 
AuW Agricultural University, Wageningen IARCS international agricultural research centers . NIHORT National Institute for Horticultural
 
BMZ Bundesministerium fur Zusammenarbeit IAR&T Institute of Agricultural Research and Reset'rch (Nigeria)
 
(Germany) Traliing (Nigeria) NRCRI National Root Crops Research Institute
 
CASh Commcnwealth Agricultural Burenu ICRAF International Center for Research in (Nigeria)
 
International (UK) Agroforestry NRI Natural Resources Institute (UK)
 
CIAT Centro Internacional de Agricultura ICRISAT International Crops Research Institute NSS Notional Seed Service (Nigeria)
 
Tropical for the Semi-Arid Tropics OAU Organization for African Unity
 
CIDA Canadian International Development IDRC International Development Research ODA Overseas Development Agency (UK)
 
Agency Center PASCON Pan-African Striga Control Network
 
CIMMYT Centro Internaclonal de Mejoramlento hERInstitul d'economie rurale (Mali) RVAU Royal Veterinary and Agricultural
 
de Maiz yTrigo IFAD International Fund for Agricultural University (Denmark)
 
cp Colegio de Posgraduados (Mexico) Development SADCC Southern Africa Development
 
CRIP Collaborative Research on Bananas and ItiC International Institute of Biological Control Coordination Conference
 

* 	 Plantains (Cameroon) (UK) SAFORAD Semi-Arid Food Grains Research and
 
CRI Crops Research Insiute (Ghana) lIEInternational Institute of Entomology (UK) Development Project
 
CSIRO Commonwealh Scientific and !ndustrial IMI International Irrigation Management SDC Swiss Development Corporation
 
Research Organization , Inditute TS F Tropical Soil Biology and Fertility Program
 
DANIDA Danish International Developmen; ILCA International Livestock Center for Africa uc University of California
 

r 	 Age:.-v INIA Instituto Naclonal Investigacco ui University of Ibadan 
DFPV Depow!,.ment de formiation ei protection Agronomica (Mozambique) r .- UND Universite nationale du Benln 
des vegetaux t3enin) . NrheINIBAP International Network uOP United Nations Development 
DGIS Directorate -7e,,eral for Develapment Improvement of Bananas and Plantains Programme 
Cooperation !Netherlands): INIFAP Instituto Naciohal de Investigaciones - USAID United States Agency for International 
EAP Escuelo Agricola Panamercana Forestales yAgropecuarlas (Mexico). Development 
(Honduras) "'. IRA Insfitut de la recherche agronomique UsDA/ARS United States Departmriet of 
EEcEuropean Economic Community (Cameroon) Agriculture/Agicultura Research Service 
EMBRAPA Empressa Brasili-era de Pesquisa IRRI International Rice Research Institute UTC United Trading Company (Nigeia) 
Agropecuorla isF Instltut6of Soil Fertility (Netherlands) ,VancouverVR Research Station
 
ESARRN East and Southern Africa Rot Crops Ku Katholeke Unverslteit Leuven * WARDA West Africa Rice Development
 
Research Networl NAES Nyankpala Agricultural Experiment . Association .
 
ETH Eldgenossisch Technische Hochschule . Station (Ghana) * * . Wi Winrock International
 
(Switzerlandl NARS national agricultural research systems (in
 
FAo Food and Agriculture Organization of the A various) '!r".; 
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IITA ASSETS 

STATEMENT OF FINANCIAL Cash and 3horHerm deposits 

POSITION Accounts receivable: 

3 1 December 199 1 Cunors 

Expressed in US $ thousands Others 

Inventories 

Other assets 

Property, plant and equipment 

LIABILITIES AND FUND BALANCES 

LIABILITIES 

Accounts payable and other liabilities 

Accrued salaries and benefits 

Note: Payments inadv-ince-donors 
Priorto I January and was1991, 'Property, plant equipment" 
stated not depreciated.effectat acquisition costand With from 
1January introduced accounting1991, theCGIAR depreciation 
in order to comply accounting FUND BALANCESwith generally accepted stan. 
dords. Accumulated on assets at31DecemberC32,241depreciation held

of fixed assets at31fromthe cost1990 hasbeendeducted 

December amountstoUSS25.5 million. Thislogeth. Capital development1991 and 
er with movements 1991 for induring accountsthedecrease Operating 
thecarryingvalue between Decemberof assets 1990 and 
December1991. 

IITA REVENUE 

STATEMENT OF ACTIVITY Grants 

31 December 1991 Other income 

Epressed in US $ thousands 

EXPENSES
 

Research programs 

Conferences and training 

Information servces 

General odministration 

Genera crai -ions 

Properry, plant and equipment expenditures 

Depreclaton 

Exchange lgainsl,!losses 

Note:
 
onfixed assets 1991 through Tota! expenses 

the balance following introduction of thenew deprecla- Excess ofrevenue over expenses 
Expenditure during is accounted 

sheet, 
tion
policy. 

1991 1990 

10,196 8,644 

6,968 7,862 

918 363 

1,107 2,544 

201 209 

32,241 58,356 

51,631 77,978 

6,533 7,639 

2,947 3,071 
3,578 3,974 

13,058 14,684 

58356 

2,109 1 224 

4,223 3,714 

51,631 77,978 

1991 1990 

34,274 35,333 

306 613 

34,580 35,946 

21,072 21,694 

2,103 2,290 

760 1,039 

3,534 3,593 

3,391 3,248 

3,054 

3,466 

(255) 380
 

34,071 35,298 

509 648
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SOURCES OF FUNDS 1991 1990 IITA 

Excess of revenue over expenses 
Depreciation (1990 net capital additions) 
Dsuosa! of assets 

Decrease inaccounts receivable-donors 

509 
3,466 

282 

894 

648 
3,054 

196 

STATEMENT OF CHANGES IN 
FINANCIAL POSITION 
For the year ended 
31 December 1991 

Decrease inaccounts receivable-other 

Decrease in inventories 1,437 
140 

1,083 Expressed in US $ thousands 

Decrease inone, assets 

Increase in accrued salaries and benefits 

8 

18 

Increase in punan',mens in advance-donors - 509 

6,596 5,648 

APPLICATION OF FUNDS 

P.',rase 

ease 

oL',Drerr' rnd equipment 

acconts rece vasle other 

or'ter assets 

2,863 

555 

-

3,454 

31 
D rease 

Decrease 

De zace 

,n accoa s pa.,ync'e au other liabilites 

,iccrujed salaries and benefits 

a,rae,'s in ad.nnce-danors 

1,106 

124 

396 

455 

5,044 3,940 

INCREASE INFUNDS 1,552 1,708 

CASH, BEGINNING OF YEAR 8,644 6,936 

CASH, END OF YEAR 10,196 8,644 

DONORS 

............ 

Core 
Funding 

Special 
Project
Funding 

IITA 
DONORS 1991 
Expressed in US $thousands 

African Deveiopment Bank 
Aus',ia 
Belgium 
Canada 
Cinra 
Commission of the European Communities inNigeria 
Denmark 
Fnland 
F,:rd Foundation 
Frar'ce 
Germany 
Iaia 

350 
90 

1,007 
1,752 

10 
107 
215 
278 
100 
670 

1,285 
25 

785 
156 

1,047 
62 

238 

500 

Ieraie,,aI Deelopmenl Research Center 
In'er'atK nal Fund for Agricultural Development 

vay 
japan 
Ko'ea Repubic of 
r"Jetheriands 
N[ger a 

Poc'efeller Foundation 
SAeden 
S.vitzerland 
Unted Kingdom 
Unted Nations Development Program 
Unred States Agency for International Development 
Ur'iversit. of Hohenheirn 
World Ban 

723 
2,901 

50 
738 

48 
732 
379 
322 
831 
796 
96 

5,800 

3,390 

754 
401 
404 

3 

198 

362 

5,256 
191 

Other contributions (BCP & ICRAF) 1,523 

Closed and miscellaneous projects 36 

Total 22,695 11,916 
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BOARD OF TRUSTEES PROFESSIONAL STAFF
 

Nicholas E.Mumba, Chairperson ~)Management division 
Permanent Secretory,-Ministry of Decentralization, Chipata -Zamb a........Executive management 

Theodore A. Anumudu 
Director General, Federal Ministry of Agriculture and Nalural Resources, 
Abuia, Nigeria 

Ayo Banjo'
Vice-Chancellor, Uvof badan, bdan, Nigeria

University 

Randolph Barker 
Professor, Department of Agricultural Economics, Cornell University, 

Ithaca, New York, USA 


Lukas Brader 
Director General, IITA,Ibudan, Nigeria 

Mayra Buvinic 
Director, International Center for Research on Women, Washington, DC, 
USA 

Robert K.Cunningham . 
Agricultural Research Consultant, Hertfordshire, England 

Vittorio Delucchi 

c/a Swiss Federal Institute of Technology, Zurich, Switzerland 

Jacques Diouf 
World Bank, AFRVP, Washington, DC, USA 

Pierre Dubreuil 

Director, External Relations, CIRAD, 75116 Paris, France 


Susanna B. Hecht 
Graduate School of Architecture and Urban Planning, University of 
California, Los Angeles, USA 

Marc Van Montagu 
Director, Laboratorium voor Genetlica, Rijksuniversiteit Gent, Belgium 

Freeman L. McEwen' 
Dean, Ontario Agricultural College, University of Guelph, Ontario, 
Canada
 

Keiko Nakamura 
Professor, School of Human Sciences, Waseda University and Deputy 
Director, Biohistory Research Hall, TokyoJapan 

Arnor Nj s 
Director General, Center for Soil and Environmental Reseach, Aas-Nlh, 
Norway .Information 

Oladeji Odegbaro 
Acting Director, Department of Agricultural Sciences, Natioial Agency 
for Science and Engineering Infrastructure, Lagos, Nigeria 

.e.d .e.saA. 

Gerardo Perlasca 
Agro-Industrial Consultant Comolaly 

John W. B. Stewart 
Dean of Agriculture, University Of Saskatchewan, Saskatoon, Canada 

Special Advisers 

Luigi Monti 
Cylogeneticist, University of Naples, Italy 

General Olusegun Obasanjo (Rtd.) 
FormerlHead of State, Federal Republic of Nigeria 

'Term ended during 1991 

L.Brader, PhD, director general

S, A.Adeuni, PhD, special assistant to director general
 
J.Cromer, BA, executive assistant to director general 
J.H. Davies, BSc, director, office of the director general 

J. P.Eckebil, PhD, deputy director general, international cooperation 
K.S.Fischer, PhD, deputy director general, research' 
S. K.Hahn, PhD, director emeritus 

C. F.McDonald, msc, assistant to director general, (for research) 
W. Powell, BSc, deputy dir ;ror general, management 

Administrative and auxiliary services 

C.A. Enahoro, manager, Ikeja guest house 
B.Fadirepo, travel services manager 
C. Inniss-Palmer, specialist english teacher 
A. Jackson, deputy head, international school of IITA 
N. Jackson, head, international school of ,ITA 
G. McIntosh, Cm, head, internal audit 
A.R.Middleton, BSc, manager, International house 
R.I. Olorode, security manager
D.J.Sewell, manager, aircraft operations 

0. Sholola, ACA, audit senior 

Budget and finance 

D.A. Governey, FCA, director
 
B,A. Adeola, rms, accountant
 
0. E.Adepoju, ACA, senior analyst, accounting procedures 2 

A. A. Akinbola, BSc, senior technicalr analyst 
C.A. Babalola, ACA, senior analyst, accounting procedures 
P.0. Balogun, rCCA, finance manager 
J.E.Bolarinwo, MBA, payroll accountant 
P.Etuk, mBA, budget and planning coordinator 
R.Obikudu, mBA, materials manager 
S.J.Udoh, Am',i, chief accountant 

Computer services 

L.J. McDonald, 0.B,computer manager 
N, N. Eguzozie, BSc, computer programmerT.D, Oluyemi, , c, computer programmer 

Human resources 
(Edin.) head, medical servicesT.A. Akintewe, FRCP, 

J . Badaki, tBA, acting head, human resources 
J. B.Elegbe, MSc, personnel manager 
F.0, A.OsinupebiCole, MRcP (uk), physician 
J.Thockway, , director, human resources 2 

services 

S,M. A. lawani, PhD, director 
A. O. Adekunle, msc, editor. 
R.0. Adeniran, mts, principal librarian 

A.Azubuike, , S,principal librarian 2 

Y,Adedigba, tm, head, library services 
J.I.Adeyomoya, mis, principal librarian 

K.Atkinson, MSc, head, publications 
T.Babaleye, MCA, public information manager 
D.Hoastrup, MCA, public relations manager 
D.R.Mohan Raj, PhD, science writer/edior 
E.Nwulu, Msc, audiovisual specialist 
B,0, Ojurongbe, Bsc, production manager
T.T.Owoeye, Mis, editor 
F.N, Ubogu, mis, principal librarian 2 

R.Umelo, BA,editor 

'left during the year l'I April 1991-3 1 March 1992) 58 
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Physical plant services . Crop management research program 
A. Bhatnagor, head,physicul plant services AM. .N. Izac, phD, natural resource economist
 
J,G. H.Craig, director " J. Smith, PhD, agricultural economist
 
E.0, Akintokun,research vehicle officer E.Tucker, PhD, weed scientist 

1..I.Ojuma, telecommunications services officer H.J.W. Mutsaers, PhD, agronomist 
M. A.Oyedeli, electrical services officer G. K; Weber, PhD, agronomist 
P.G. Gualinetti, construction site engineering services officer Postdctorol fellows 
D. A.Rosenzweig, heavy equipment and research vehicle services officer A.M. Manyong, PhD, agricultural economist ."., 
S.W. Quader, electronic services officer Y.Mohamoud, PhD, agronomist 

M. 0. Musoko, PhD, soil microbiologist
 
Commodity improvement division R.A. Poison, PhD, agricultural economist2
 
M. Winslow, PhD, breeder, interim director Collaborative study of cassava in Africa (cosCA) 

F.I. Nweke, PhD, agricultural economist and team leader 
Grain legume improvement program Y. C. Prudencio, PhD, regional coordinator 
K.E.Dashiell, PhD, breeder (soybean), program leader 
P.0. Craufurd, PhD, crop physiologist Plant health management division 
G. 0. Myers, PhD, cowpea breeder H. R.Herren, PhD, entomologist, director
 
0 N, Nakayama, PhD, JiCA expert (soybean postharvest scientistl 

H.0. Ogundipe, msc, food technologist I Biological control program 
M. Osho, w.sc, national coordinator, soybean utilization P.Neuenschwonder, PhD,entomologist, leader 
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*Root and tuber improvement program Host plant resistance program 
R.Asiecu, PhD,plant breeder, program leader N. A.Bosque-P~rez, PhD, entomologist, leader 
M. Bokanga, PhD,biochemist D.Berner, PhD, striga biologist* 
A.G. 0. Dixon, PhD, breeder A. E.Awad, PhD, striga biologist
 
1,J.Ekono'yake, PhD, physiologist D.A.Florini, PhD, plant pathologist

S.Y. C.Ng, msc, tissue culture specialist C. N. Akem, PhD, soybean pathologist
 
Visiting scientist T.Meslin, PhD, entomologist
 
K.V. Bal, PhD, cytogeneticist L.E.N. Jackai PhD, entomologist
 
Postdoctorol fellow F.Gauhl, PhD, plant pathologist
 
G. Eggleston, PhD, food technologist/biochemist 2 C. Pasberg.Gauhl, PhD, plant pathologist 

H. W. Rossel, ir,virologist
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F.Sculhess, PhD, bloecologist
 
Rice research program H.M. Dreyer, ,vsc, ecologist
 
Postdoctoral fellow K.F,Cardwell, PhD, plant pathologist
 

* R,C. Joshi, PhD,entomologist 2 

Technology transfer and training unit
 
Maize research program M. E.Zweigert, DiplI. ing., regional coordinator (GTZI
 
M. Winslow, PhD, breeder, program leader W. N, O. Hammond, PhD,entomologist 
S. K.Kim, PhD, breoder T.M. Haug, MSc, mass rearing specialist 
J.Kling, PhD, breeder A.Wodageneh, PhD, training officer, FAO 
J. H. Mareck, PhD, breed-r 2 Visiting scientists
 
Postdoctoral fellow N.HD, She, PhD, entomologist
 
0, M. Olanya, PhD, plant palhologist 2 L.K. Tanigoshi, PhD, ocarologist 2
 

Visiting scientists , Postdoctoral fellows 
I..Everett, PhD,maize breeder " H. Botlenberg, PhD,entomologist 
S.N. C. Okonkwo, PhD, striga biologist A. Pardso, PhD, pathologist 

T,G. Shanower, PhD, entomologist
 
Resource and crop management division Associate experts
 
D.S.C, Spencer, agricultural economist, PhD, director B.Kristensen, t,,sc, acarologist, (DANIDA) 

C. Boavida, MSc, ecologist
 
Resource management research program H. M. Dreyer, Msc, entomologist
 
M. J.Swift, PhD,ecologist, leader 
A.N. Atta-Kr h,PhD, coordinator, ArNETA 
1.0. Akobundu, PhD, weed scientist 
K. Dvorak, PhD,economist
 
M, Gichuru, PhD, agronomist (soil fertility)
 
S SJagtap, PhD,agroclimatologist
 
B T, Kong PhD,soil fertility scientist
 
N, Saingingo, PhD,assistant coordinator, AFN'ETA
 
S.Houser, PhD,soil physicist
 
B Vonlauve, BSc, junior expert
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Research support 	 Interpretation and translation unit 
E.molinero, head, interpretation/translation
 

Analytical services laboratory B.Auvard, Interpreter/translator I
 
J.L.Pleisler, Pl, head 	 .0. B.Hounvou, interpreter/translator 

....
C'-ord ,-interpreter/transltor~ ' 
A Biometrics j V.Pousse, translator 

P.Walker, mA, biometriclan 	 F. B. Sall, interpreter/translator 
H.Songre, interpreter/translator 

Biotechnology research unit 
G.Thottapp lly, PhD, head ' 	 Cooperative programs 
S.R.Schnapp, PhD, biotechnologist
 
Visiting scientist USAID/ITA national cereals research and extension (NCRE)
project, 
R.E.Ugborogho, Pho, blotechnologist Cameroon
 
Postdoctoral fellow E.A,Alayi, PhD, chief of party and agricultural economist
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S.Padulosi, Dott, plant explorer 	 H.C. Ezumah, PhD, farming systems agronomist 

M. Kamuanga, PhD, agricultural economist
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D.C.Couper, Msc, head 	 M. Moussie, PhD, agricultural economist/coordinator 
P.D.Austin, BSc, research farms development officer 	 A. 0. Oslname, PhD, forming systems agronomist 
P.V.Hartley, Bsc, farm management engineer 	 J. A,Poku, rhD, agronomist 

G. L.Servant, PhD, administrative officer
 
Postharvest unit T. C. Stilwell, PhD, deputy chief of parly
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ITA Benin station 	 Semi-arid food grains research and development (SArGRD) project, 
J.B.Akinwumi, msc, engineer 	 Burklina Faso 
J.N. Quaye, ,A, leader, management unit and officer-in-charge J.M. Falemisin, PhD, pathologist/breeder, project leader and maize net-
M.N. Versteeg, PhD, leader, technology transfer unit 	 work coordinator 

N. Muleba, PhD, agronomist, coordinator cowpea network
 
IITA Cameroon station (Mbalmayo)
 
S. .. Cloassen, tsc, farm manager 	 USAID/ITA applied agricultural research (RAv) project, Zaire 
P. G Gillman, rhD, officer-in charge 	 F. E.Brockman, PhD, chief of party and agronomist?
 
N. R.Hulugalle, Pho, soil physicist
 
Postdoctoral fellows USAID/IDRC/IITA east and southern root crops research network (ESARRN),
 
N. W. Menzies, rhD, soil chemist Malawi
 
D, Russell, PhD, anthropalogist/Rockefeller fellow M. N. Alvarez, rhD, breede,, network coordinator
 

J. A. Otoo, PhD, agronomist
 
Collaborating scientists from other centers
 
K.Alluri, PhD, liaison scientist, IPRR/INGER Africa 	 CIoA/amYT/iTA Ghana grain development project, Kumasi, Ghana 
D. Ladipo, PhD, ICRAF 	 A.M. Hossain, rho, breeder (legume)scientist 
M. C. Porto, Pho, CIAT/11TAcassOva scientist 	 0 r Okoli, PhD, breeder (root crops) 
B.N. Singh, Pho, breeder (WARDAI 

EEC/iiTA/SADCC cowpea project
 
International cooperation R.Amable, Pho, cowpea agronomist
 
and training division A, 1.Data, rho, cowpea breeder
 

J.D.Naik, PhD, legume pathologist 
J. P.Eckerbil, PhD, deputy director general 

International cooperation 
J.B.Abaka-Whyte, PhD, research liaison scientist 
E.F.Deganus, BSc, project development coordinator 
0. M. Ogunyinka, tsc, coordinator, monitoring and evaluation 
J.B.Suh, Pho research liaison scientist 
A. P. Uriyo, PhD, project development coordinator 

Training program 
H.Gasser, rho, director
 
A A, Adekunle Sc research training specialist
 
M. Aoyl, mc research training specialist 
J. L Gulley ho group training coordinator
 
F R Obubo msc
research training specialist 
C. kafor mAi admini rative manager 
0.A Osinubi, m~c research training specialist
 
R,Zachmann rhD, materials specialist
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