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The International Institute of Tropical 
Agriculture (IJITA)was founded in 1967 as an 
international agricultural research institute 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 inthe 
worldwide network of agricultural research 
centers known as the Consultative Group on 
International Agricultural Research (COIA), 
formed in1971. 

isgoverned by an international board 
of trustees and isstaffed by approximately 
150 scientists and other professionals from 
about 40 countrie, and 1,500 support staff. 
Most of the staff are located at the Ibadan 
campus, while others are at stations and work 
sites inother parts of Nigeria and inthe 
countries of Benin, Cameroon, C6te d'voire, 
Ghana, Malawi, Mozambique, Tanzania, 
Uganda, and Zambia. Funding for IITA 

IITA 


comes 
from the C ,ARand bilaterally from national 
and private donor agencies. 

rITAconducts research, training, and 
germplasm and information exchange 
activities inpartnership with regional and 
national programs inmany parts of sub-
Saharan Africo. - eresearch agenda 
addresses crop improvement, plant health, 
and resource and crop management within a 
farming systems framework. Research focuses 
on smallholder cropping systems in the humid 
and subhumid tropics of Africa and on the 
following major food crops: cassava, maize, 
plantain and banana, yam, cowpea, and 
soybean. 


The goal of IIA's research and training 
mission isto improve the nutritional status and 
well-being of low-income people of the humid 
and subhumid tropics ofsub-Saharan Africa. 

Global links. Cosponsored by the World 
Bank, the Food and Agriculture Organization 
of the United Nations (FAO), and the United 
Nations Development Programme (UNDP), the 
CGIAR is an informal association of over 40 
governments, international organizations, and 
private foundations. The CGIARprovides the 
main financial support for IITAand 17 other 
international centers around the world, whose 
collective goal isto improve the quantity and 
quality of food production indeveloping 
countrie' 
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The Year in Perspective
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Lukas Brader, Director General, inan IITA yam research plot 

Agriculture is the foremost riliponent of the 
sui)-S,iharan Afri(-i, as with other de-

velo)ig (,giOlS. It1has a crucial role to play in self-
Sstaiiig, halancer development of the econoiy, 
whhcl can happen only when people across all 
sectors have didle(lulte food and skills to enable 
thenil to (10 lleaningful worl<. 

SuL)-S<hairan Africa is tle only region in the 
wor ld where the )1)1 dat ion increases faster than 
food pr()riict i)in. -lh regioln's current 2% rate of 
a1rinuiaI gowtll in for !)rodi(ltion, as against the 

(o()omly ill 

nuaIgrMwth ill i)O)Iilation, stelms flrom a 
30-year decline ill)er capita food I)rorLIction. 

\ta 42 anm1ral,1 growth rate, however, food 
i)roduiction would ihe 
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suifficient biy the year 2000 to 
feed all the region's peopiles. That level of produLIc-
lion coulW also irovide work and stililUlate other 
sectors of the econionly. But it iiuiSt be based on 
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resourCe-COnserving technolo
gies, if it is to ihe sLIstaiiable. 

IITA is comnitted to advanc
ing sLiStd inadb le agrIcul tLira dl e
vel()Ilnlenlt inlthle regionltirough 
research nId rielated activities, 
together with ndtiolnal and inter
iatioinal c(lllborators. We have 
developed Iigli-yielding crops 
dudl(
ecol()gicdlly soLunI itclnolo
gies to SListdil soil fertility and 
!)rotcI those cr(ols. Signs that we 
are working in the right direction 
have coie Irloni1any SOlices, 
\ \including oulr SLicceSS inIwinIing
 

the biennial King l3audouil 
Award, most recently in 1994 for 
our plantain research. 

"Millions of small African 
farmers and their families, for 

whoiii plantainis are a nutritious 
and tasty basic food, will benefit from IITA's ad
vances," said Ismail Serageldin, chirman of the 
Consultative Group on Internalional Agricultural 
Research (CGIAR), who presented the award in 
Washington, DC, on 24 October I994. "Tlis is 
truly a milestone contribiution toward stemming the 
long-term decline of per cal)ita foo(d )rorluction in 
sul-Sallaran Africa." 

The Techni':al Advisory Conmittee to oLr global 
system of 16 CGIAR centers gives the King 
Baudoutiin Award every 2 years to the center which 
has produced work with the nlost pronlising poten
tial for iiipact. IITA has won that award 3 of the 7 
tinies that it has been granted: 
* In 1986, for the development of naize resistant 
to the maize streak virus, the cause of one of the 
niost economically damaging crop diseases in sUb-
Saharan Africa. 
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• In I)0, j1intly vih the CintroInternai onal de IITA also rlade iml)ortant progress in other areas 
,-,griniklm 1ropi(al during 1994 toward the goal it shaes \\ itlh its )art(IA , mrthe hil())gical con-
Irol t the (a i1ealvh1Lk hers in sol-Saharan Africa tf[ imtlr..e the nuLiri1(a\a in trollial Africa, 
\hic 1threatene( h Ueastate (assava crops aCross lion ,Lind vell-Ieing ()I I)-im(Onie people ihrough 
the ( oninent , h its,, ralidI sl)rea(l. agric ltullIral resear(h. 
a Il 19)94, for tile dhe\elorpent of h plai(lIialntail 
re,ilml Itil a1k sigatla, a Iungus whioh (auses a Crop improvemeni IITA's hreeders advanced 
Iiease thaI threaten- lantain si ro wIrk on cro) other 
\','()rhlv,, In\ltl.a planta.in. C'ji d fwr ,IctV~(M CS \than 

geneli(s whiw can faix tate IreoIing ()If lahxoralive research 
new vartits 1(1(0il1nt0r O(Iter i)r()(i tonk Wwith national pro

strail,,. e, grallis (arl led mi/any 
All three Iwarls a.\t iv(0 ognizel (, rl, , "I hig,-iel( ing, inil

\vhio h r,1)fIeIs aiI N hlgi( ally sound fy / ov)rued varieties of 
(ro)lI-nlarIg,0 'n11t strategv that niinim iz (es j js c sS a, owpeai 

1(; ldes, aInd enhances 
sn. t inlljiht\ :!) t1(1(d (10t) i)r(Id(lLKti(Ii in to die stage (f re
,in ar. 

thle nlee n ie / I ndl soyh~ean close 

(t the m',rl(l that relNUires it lease to farmers. 
LuIr1e1'lyIV.Registration of new 

Our research on the airborne black sigatoka fungIs (at iplaintain and maize 
right: spore trap) will prevent devastation of plantain Varieties Ilit themnvarieties i)ut them 
crops while our research into processing of plantainnto th pulc
and cooking-banana foods has generated new interest d nan 

(below) intheir commodity potential. 'B eeding of 
maize lo, resistance 
to the parasitic plant 
Stripa hernlonthica,
and to the stern anti 

ear borer E/dana 
Sacchaina1, made sulIstantial progress. 

Cowpea work also showed excel
lent progress, in improving farmers' 
local varieties )y introducing resistance 
to important pests, diseases, and par-a
sitic plants. Nonconventional ap
proaches to cowpea l)reeding, involv
ing biotechnology and wide crossing to 
find and incorporate resistance to 
postflowering insect pests, got well 
under way. 

New ground in I)ioteclnology was 
broken for sub-Saharan Africa. Close 
cooperation with the Nigerian govern
ment yielded Ihiosafety guidelines for 
the country that rnark a dramatic first 
for the region. Following a year-long 
consultative process in which the 

. guidelines were drafted and developed 

. jointly, we held a workshop in January 

http:planta.in
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1995 on the imlplenentation of the 
itosafetv guidel(lines, vhichl was 

attenied by senior staffInd heads of 
rele\ ant (lep-ritent5 and research 
institutiofns in Nigeria. Critical s pLt)
port (,1. froIm the Sto(khln Envi
rO-in ent listitUte, an(1 the( liti(h
nology A,+(isorv (omtission. 

Plant health Douring 1994, we 
CO[tinund to adoItdICe 1l) 1)rOteC
tion P)lgrams \\'itll e(ologically
s(O)Ind 1)1,1(ti('(S. (;ur i)r(Oje( tIin W est 
Af\rica ,,,,Jill
the Unitfud Nations De

[Oloint IProgramme (UNDP:,
F(()hoqi(,all[,
 

SustaI na ble 
(Cas.av'l Plan1t
 

( 1.,(aT )i,fil
ishe(l its (lialgn()

i alGrasshoppers (above)and locusts can lay waste to cultivated 
fields. to use spores of the fungusOur sustainable solution is


t)etle(tion are  e tflvoviride (in a biopesticide that, insolution, at left)in 

tilelS. The ortsolts 1994, showed i ts Mals.
efficacy in
0f SuLIr \ICveys 1ade 


avith scietists Withmir general nlalate for sstaina leof 
ag irash i 

and Nigeria and management research to man(late crops alone. 

internalonal years wliicd lp Peit rollems need t I)e considered intheir 

ticess entirety. We 

from Canleroon dgI e,we cannot confine integrated t 

s)ecialists are ntally pcave c ivrosiweda novel strategy 
tne csiscall hae strategy bo serio grassholper pestrnf ast to control the 

acti of t2s mtbruh- iltge li forest zone of Africa, tie "elegant"
researcihers, o grasshoplper (Zotn,,ceraskarie,Iatus). 

extension ;vork<- In 1994 ee greatly enhanced 01.11 ability to 
ers, andI farmers in the next few years vvhich'w+,ill pr<:)du(:e spores of the fI:lngLIS Aletarh izi/M
 

has (lenlonstrated!effective c;on-
Ani ecologic:ally lasedl strategy in biological trol of tile grasshopp~ler. OLIr yields o:fspores per 

co(ntro)l of the cassava green mlite I)1rough kilogram Ofi 

p~romo(te envirwinnentally sslina11,1)le ipractices. flavoviride,,,w,,licht 

Itsu~ccess- SubIstrate w+,ere increasedI fivefold and 

fUl establishment an(d spread of two predatory nliites mass l)rC(lict ior tenfol(' both of those develop
from Brazil: Tthlodromals ipnjo, in 8 1Is)-Sa- ments consi(leral)ly re(lUce pro(nLIc1tion costs. We 
haran coLlntries over an estimated 1,500 square improved storage metho(Is of dry spores under 
kilometers, an( T. manihoti, in 2 of those coLIntries anient conditions. 
over an estimated 100 square kilometers. Experiments andl mloheling quantified the grass-

In maize, ouIr scientists confirmel the seehborne hIopper mortality caLisei )ySl)ore residle inthe 
nature of downy mildew disease, caLsedI by the field. Results suggest that spore al)lplications nIlay 
tungLIs Peronosclerosporn sorghi. We can now not I)e neede(l every year. The effectiveness of this 
refine our strategy to control the spread of the dis- fLulgus in controlling the grasslhopper Ln(ler field 
ease, which causes considerable clamage in the conditions was demonstrated for the first time in 
region. Mali, in cooperation with national program scientists. 
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Resource and crop management Sustinable 
prodLictiOn systems re,,1uire that natural resources 
rec'ive Ideq,-iti tioi)n iII etft rt5 ts)lil)reatlter the 
prorictivitv and ana(1, 01entot crops. liTA scien-
tists have over the years stu(iecl how 0ils I)ec onie 
(legradI(l, SPIle(ia 1ll through (clhanges in the, soil 
01gan1K iHIMaCI Illill, amI how \Ugetation,1 n)an-
agenl(nt (an hell) restore fertilily. The aim is to 
cnahle aiIM ls to mainitaill Soil 1)ro(ic(ti\,ity 
through organic irocesses that rplenish soil nuLtri-
eilts ,li(l ruluC (I,,h)edMeI nce (0nlmercial fertil-
iz(,rs.

During 1994, research in SOil productivity in-
CiLded stiinlies ot iiitrgnl-Lse eftiriency in alley 

cropping, as well is comlpetilion for nllrielts Ihe-
tween trees, iII the hedgeri ,, s and c.ro)s in the 
alleys. While tlie nitrogen (onitritliitio1 of tlie trees 
was high (I ()--250 kkigrais e)erhectare each 
year), the IliltrOgell atLally Used I)y the associate( 
crop was lOW. The tind iugs suggest that imlprove-

nit of the ii.i ,,ngenient system-in terms (if tie 
tinling a11(dinel( Ils of 
al)j)lyiIg the prliniigs-
is an issue vhic de-
serves o(ur attention. 

Il a fallmw Inailage
nieit stL( ly in the forest/ 
savailla transilion Zoiie, 

hierhaceonIs legumes 
fared bietler than trees ill 
niproving soil physical 

coin(litinos. That finding 
reinforces interest ill 
those 'lguiiniOiScover 
r))S for fallowing 

l)irlmses. Progress was 
miade in selecting le
gLiles (woody, Ierlb

couis, aiinl grain-yiell
ing) lhal effectively 

nLtilize soil mycorrh izae. 
Such legunies would 
c nseilueiitly Lse I)hos
i)tlcris efficienlly and 
cou(kt tolerale soils vitlh 
a low I)lis)lhorLis (oi
tent.

Studies of the dy

namics of soil organic 

matter c()ntinliedl to I(1LS Ofl l(lv )lant residues, as 
they deColI)fose, (0ntri!)Ute t) nutrient Li)take )y 
growing rOps. B.'e(a ILIS f(<noirs rei )\e a.i)ovC-
groII(ii 1)lai1t reUsidueWs oIruse as oIdder and 
fuelCood, the Foot r,,.iOltis serve as the 1ainii 
source of new nutrientS in so l organi,,c malter. 
Roo(s are known i)Stire (. uieiht.ibe (Luantities of 
plant ntrients. 

A recent sti(ly at I IA 0I11(d that roots with a 
high nitrogen (Ontent and low carlbon-to-nitrogen 
ratio make a go( l nitr( genIus fertilizer. A selection 
of roots of agroforestry ree slecies was "111C
hated" for two nlonths in the sllsui. The effect on 
a imize crop p)lantu in tile same field was like that 

of a natural fertilizer, in inlproviniig biomass yield as 
well as LI)take of rnitrogen, Phosl)orIIs, t)OtassiLli], 
calci Iini, and IraglesiLim by the iilaiZ,. -ihe infor
lation froii this stL(ly ('eepen)savailabfle knowl

edge inli is area. 
The Collaborative Stu(y Of Cassava in Africa 

(COSCA) (Oritilied analysis (Oftilie data it has 
Judicious use of trees and herbaceous legumes helps farmers to replenish spent soils and increase food 
production. The IITA/ICRAF nursery at our High Rainfall Station at Cnne, shown here, provides multi
purpose trees for collaborative research needs. 

A 

T 
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Agroecological zones 
of humid and subhumid tropical Africa 

Humid forest 

Mist savanna re 

Mid-altitude savanna and woodlands 

LII Dry savanna and Sahel.. . . -•" 

AM 

IITA stations 
I Ibadan, Nigeria (headquarters) 
2 Onne, Nigeria 5 Mbalmayo, Curneroon 
3 Cotonou, Benin 6 Ferkessedougou, Cbte dlvoire 
4 Kano, Nigeria 7 Namulonge, Uganda \ ,, .. 

" 

t--. 

.. 

* 

,. 

amasse(l on factors affecting ca.sava productioin The Alley Farming Network for Tropical Africa 
and( corsumf)tion across the continent. Critical (AFNETA) and the Soil and Plant Analytical Labora
information has enierge(l ahoLnt attril)tes farmers tories Network of Africa (SPALNA) were both very 
want in their cassava vareties, aS well as the ny- active in training and in dissemination of skills and 
narlics of the cassa,., econormy. These results can inforniation critically needed in African agricultural 
increase the LIsefulness o our v,ork in1cassava research. 
iml)rovenlent and utilization. 

E(luil)lenl was designed at IlFA over the past Global concerns Global concern aboul envi
fev years to improve utilization of. rops- includ- ronmnental conservation at the 1992 "Earth Sunlit" 
ing chippers, crushers, grinders, polishers, shellers, promiipted the CGIAR to reorganize the -esearch 
and stoves. The results of this highly practical line programs of its centers along the lines of 
of research were (lisserniinaterl through training ill agroecological zones or regions "ecoregions"). 
1994 to farm (onmnutliites and11consumer groulpS, ITA started evolving an ecoregional progran for 
such as niongovernmental organizations and small the liiiiid and sLuNhun1iild trop)ics of sub-Saharanl 
businesses, which (an niianmufacture the eCu ipnient Africa, to inclUde all interested national prograns 
locally. The benefits fromn different applications of and CGIAR centers. ISee map of Africa's 
the equipment vere analyzed to guide further de- agroecological zones, above.I 
velopnient. IITA recast its program activities into 23 ecore-

Training courses created ca)ability in use of gional projects, \vhich will begin operating in 
geographic information systems iii 14 countries of 1995. While projects are ecoregionally conceived, 
sul)-Saharan Africa, while remote sensing tech- ITA will retain its discipline-basecl divisional struc
nicitues were applied)by ITA scientists working with ture for the time being, to sustain professional 
national scientists to complete characterization and )erspectives. 
ground-verification of inland valleys in 6 countries. 

5 
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(}I lie )U(Ig'ta r\',ile, tile 


tar l),egain fo IlA i the
II\ 
lrosl)e(t of a ser fioancial 
crisis,caLus'( h\ (h)(flOreiLI-
tiOIns in the fri(ling v'hi( h sup-
Iorts all ( ,\IAR(etlers. Closer 
1( hom0e110, our1l 1io)01 410\ ull' 1[Iet 
Nigeriai iflro lite(d a fi xeI e\-
chanige rate for ifs (tirrency, the 
iaira. T it re rt)e Were 
),uilI alle\ teVhI ite (levalua-
ii)n oif (TA,\ (ri( I whiclith 

heClped re((lLr( the (sIOf IITA's 
o)et iln1s in opli(rrelhetr i 
(Olnriti'es ofIWet1 Afria), and I)y 
s'steilwi(le iIeastures taken I)v 
he (( IAR. 

Nevrtheless, the ( iisis called 
fori s(evre IMi( s, IMnItling 
elinirnatiori of somllle stiff posi-
tions anh p)(otponentn orfsorre 
re( irit1r1,ri, \\ith a(\ e'Se (oriS-
(ILiC (,st) Ihe tlhV (if ur work, 
\Ve can ai he[Iapp thellat 

yeend I ia rn (I righfer note in 
this repe( t,(wirg fi ) airl iti ral 
granls aiI (oltier incoInle, tlhan 
had earlier heern anli(ipaled, 

The Ci,.\R-wlte l)IJgeftarv 

prolflens (of I 9J94 are )art of a 
gI)al ieolmenon of 1a(-
etuaIte SLip)prI I )ro ( tlu raILI agricr 
(_v elo)nilnI. kIL(llu(1fiunding 
for resear(h in re(cent years has 
alread\ I)One sltul iks On)St-
(ILences. Tte wealniess (f11na-
tiol(nal iresearc h instituti)ns in 
suh6-Salalan Africa i hil)itsthe 
effe(tiveness Of resear(h eflorls. 
Thai weakiness steris (irectly 
flroii lack iOfgV\erntlleItal sLip-
port to tlhe iitc al agricUrIfural 
c(nllrorierit (if national ello-
liiies. 

D,\'tl(pe cI (Li uries Lit)f)Ollt 
Iliei r agrici fIraIl researcli-anrid 
iiarniftesly lienfit fromitle re-
sLils--i a Iuch1 greaI'ter regree 
thIin e(10 develoing (ountries. In 
(Ievelope(I( u(tlriets aIsa W(le, 

agriClItulral resea/rch exr)eidi-
tlres repIreseI 2.( 1 of agri-
ciufri ra (ii' for tleI'erird 1980-
1985. F(ir suL)-Saiararn coLintries, 
he e(:orolillies of whMic1 depend 

so lieaily on agriCulture, that 

percentage was 0.54 for the 

sm.iie )eriord. 
lhe experil e of( develo)ed 

(ti Utries sho\ws how agriCUltUral 
resear1 caI im)rove econonlic 
(heveloploment--lut Only \vhell 

h . stern arelsea\\elorga-
Inize( 1nd a(le(lUately SL)l)ort(r. 
I tlhe glo)al (hIiallenge to douilie 
foo(d irolution Iy the year 
202() is to heliet,llnor and 
recipien governnments alike mlust 
play their piart witlh poliies that 
encOtrlage agri(ulltural actiVities, 
arid with facililties an illrastlruc
tlre to stl)h)Orlltiei. 

The farmers themselves have 
shown they are willing to take 
risks in adopting ne\ teclinilo
gies to increase their i)roducLtiv
ity, when (ondilions alppear to 
Stip)I)0)rt success. It is LII) to the 

rest Of us involved to provide the 
righit technologies and econoniic 
environment for tlhel to 
succeed. 

Farmers bear the burden of risks; it is up to us to provide them with the means to succeed. 
I 
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Highlights 1994 
New crop varieties from 
IITA were released by agricultural 

to the official release committee for 
their consideration. 

USAID-supported NCRE project (de
scribed in"AProject Postscript", 

authorities in 7 African ,ad1Latin page 44). Both the inbred lines and 
American country during 1994, for COWPEA Nigeria announced re- populations are among the few in
extension to farmers. leases of 5 IITA varieties, including ternationally available that have 

2which are improved versions of been developed for the high-rainfall, 
CASSAVA Uganda officially released local varieties popular with farmers. tropical midaltitudes of West and 
3elite, IITA-improved cassava Sierra Leone released 3 IITA variet- Central tfrica. 
clones. One of IITA's first and most ies. Five countries announced large
widely adaptable, improved clones, scale testing and seed multiplication PLANTAIN (See "New Musa from Af-
TMS 30572, was named "Migyera", of IITA-improved varieties; rica" after these highlights.) The 
after the town where the cassava Cameroon (2varieties), C6te journal HortScience accepted the 
program has a testing site. TMS d'lvoire (1), Mauritania (3), Niger registration of 14 improved, plan
60142 was dubbed "Nase 1', an ab- (1), and-in Latin America-Para- tain-derived diploid cultivars and 
breviation of "Namulonge selected". guay (3). PITA-9, aplantain hybrid derived " 
(Namulonge isthe location of the from the False Horn gene pool 
National Agricultural and Animal 
Production Research Institute 

Registrations of IITA 
germplasm were published in 

through somaclonal variation. Pub
lished in 1995 (Hort$cience 

[NAARI] which evaluated the international scientific journals dur- 30.1 :147-149), the new materials 
clones.) TMS 30337 became "Nase ing 1994. can be utilized in germplasm,en
2". hancement and genetic research on 

Nase 1 isan example of how an MAIZE Breeding materials devel- Musa. 
interaction between genotype and oped inCameroon by IITA and the 
environment can make acritical dif- national agronomic research insti- Firsts 
ference inthe productivity of apar- tute, IRA, were registered inthe The steering committee of the East 
ticular clone. TMS 60142 shows a public domain by publication in the and Southern Africa Regional Center 
fairly poor yield inthe West African journal Crop Science: 18 first-cycle (ESARC) held its inaugural meeting 
lowlands. But, in Uganda, acountry and 19 second-cycle tropical, in March in Kampala, Uganda. With 
of higher altitudes, breeders found it midaltitude, inbred maize participants from 8countries of the 
performed much better and selected germplasm lines (published in Crop regiopfihe committee developed re
it for their program because of its Science 34:1422, 1994 and se&th priorities for the center's ba
stable yield and desirable food qual- 34:1419-1420, 1994; respectively). nlaIplantain and cassava improve
ity, as amealy, "boii-and-eat" type. Cameroon had released them in mE\t program. 

1991 for national use as source Fc!,6wing acapital investment 
SOYBEAN Uganda released "Nam germplasm or as parental lines for phase in1993 that included devel
2" (again named to indicate NAARI hybrids for the high-rainfall tropical opment of its Sendusu Research 
selection), a soybean variety devel- midaltitudes. Farm at Namulonge near Kampala, 
oped from an advanced breeding Four tropical midaltitude maize ESARC organized its research pro
line from IITA. InCameroon, the na- populations, suitable as cultivars rgram during 1994. The IITA team at 
tional extension authorities recom- and as source germplasm for further ESARC expanded to 5scientists . 

mended 5 IITA varieties in a pam- development, were also registered The first cycle of harvesting of 
phlet for smallholder cultivation. by publication inCrop Science IITA and FHIA Musa hybrids in 
(IITA has no record of their formal (34:1420-1421, 1994). These open- multilocational trials, which ESARC 
release) InNigeria the nationally pollinated populations, as well as coordinates, started in5countries 
coordinated research project on the inbred lines, were jointly devel. Burundi Kenya, Malawi, Uganda, 
soybean submitted 2 IITA varieties oped by IITA and IRA as part of the and Zanzibar 

For full spellings of abbreviated names, see inside of back cover. 7 



Acassava seedling nursery with inMalawi, as drought- recovery Cassava research results of the 
atotal of 120,000 seeds from 25 measure since, l$92, through the East Africa Root Crops Research 
families was established during the joint efforts of Malan,,, i root Network (EARRNET), with the long
first and second season of 1994. crops program, rein root-cro ",,\, term goals of improving food secu-
The first group training course on research networks, FAO, UNICEF, : rity and increasing famers' income 
banana research and technology! several NGOs, and farmers, with in East Africa, were evaluated by the' 
'ransfer was organized by IITA and USAID assistance. IITA contributed donor USAID. Methodologies for 

Aik-S h ai-N6iilAgidcI ermipliasm as well as technical and developing improved varieties, in-Pdoh 
ture Research Organisatiqn (NARO) training support to collaborators. cluding seed and planting materials, 
of Uganda, in Kampala during June/ The project was evaluated during were found to be well established.*. 

July. For trainiwirigngr-d1ute re- 1994. Cassava was found to have National programs were routinely 
search, ESARC hosted 5 PhD and 1 been established on about 91 hect- generating improved varieties in re-
MSc student from Uganda and Tan- ares inprimary and secondary multi- sponse to needs, and readily ex
zania inbanana research, and 3 plication nurseries, while'sweet po- changing germplasm and research 
MSc students from Belgium, Nether- tato had been established on 34 information. Capability inapplying
lands, and Germany in banana hectares. Some of the material, espe- -'biological control and identifying 
nematology. cially sweet potato, had beeni sup- . diseases was found to be generally 

plied to some 17,500 farm families, high. On-farm and farmer-participa-
An evaluation of the first three That achievement within two tory research were gradually ex
years (1992-1994) of the Regional seasons isremarkable, considering panding and slowly providing adop-
Research Program for Maize and the biological cycles of cassava (9- tion and impact indicators. Socio-
Cassava, supported by France and 12 months) and sweet potato (5 economic studies were being com
the CGIAR, found that the project months) which must be completed pleted and benchmark database 
had contributed significantly toward before the materials are ready for publications were expected, 
national research goals. transplanting. (The projection for the 

The knowledge base incassava 1995 rainy season was cassava in Seeds of Hope, aproject to re
and maize increased in the follow- 2,000 hectares for 9,000 families, store planting materials of essential 
ing fields (incountries identified in while sweet potato material would food crops to the devastated farms 
parentheses): be sufficient for 3,500 hectares and of war-torn Rwanda, was launched 

varietal improvement for adapta- 350,000 farm families.) by CGIAR centers. EARRNET as
tion to local needs (Togo, Guinea, . " sisted in multiplying and distributing
Cameroon) A broad range of cassava and cassava varieties from Uganda 
* agronomy of cropping systems sweet potato research started or adapted to ecologies inareas which 
which include maize, cassava, and continued, indifferent parts of 

. 

border Rwanda. SARRNET did the 
legumes (Benin) Southern Africa, as the Southern Af- same from Tanzania. 
* postharvest research activities rica Root Crops Research Network 
(Cameroon, Gabon, Togo) (SARRNET) became operational Heads of national maize 
* collection and evaluation of local with key scientists at its coordinat- programs in West and Central 
cassava germplasm, compared with ing center at Lilongwe, Malawi, and Africa, at the first meeting of the 
varieties from IITA (Nigeria, inMozambique, Tanzania, and West and Central Africa Maize Net-
Cameroon, Gabon, Congo, Benin, Zambia. SARRNET, with USAID and work (WECAMAN), elected asteer-
Togo, Guinea) . IDRC funding and technical support ing committee which approved the 

from IITA and CIP, aims chiefly at network's action plan for the next 
On-farm adaptive research germplasm enhancement and popu- two years. An ad hoc research com
for cassava, maize, rice, cowpea, lation improvement, especially for mittee was appointed to review the 
and soybean was approved in 1994 the midaltitudes ecologies; develop- - 37 collaborative proposals from all 
by the European Union for asecond ment of technologies for improved member countries and to allocate 
phase of project funding in21 coun- plant health 'and postharvest utiliza- "research funds of $80,700 for the 
tries of West andfentral Africa. tion of cassava; and development of . 1994 cropping season. 

systems to expedite distribution of .... Research at the network's coor-
Improved cassava and the improved planting materials to dination center included breeding 
sweet potato plantingimaterials local extension services and, ulti- for early maturity and resistance or 
have been multiplied and distributed mately, farmers. tolerance for drought, streak virus, 

8 For full spellings of abbreviated names, see inside of bock cover 
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Deep roots, many branches, should 
make a stable savanna intercrop 
Drought, together with competi- greater soil depths than had the . 
tion from cereals inintercropping drought-susceptible lines. 
systems, depress yields from cow- Among the best isthe cow
pea inthe dry (Sudan) savanna, pea germplasm line TVu 11979 i 7.i, 
IITA, with technical and funding (pictured here in comparison 
support since 1990 from the Ja- with adrought-susceptible line), . 

pan International Research Cen- which shows both drought toler- .. 

ter for Agricultural Sciences once at seedling stage and root 
(JIRCAS), has been developing development at later stages. - " 
improved cowpea varieties with Farmers inthe dry savanna 
drought tolerance and greatersuit- traditionally intercrop their cere
ability for intercropping with ce- als and cowpeas, thereby opti- . 
reals. The work istaking place mizing their returns from land 
mainly at the Kano Station, in and labor resources inthe short 
Nigeria's dry savanna where the growing season with erratic rain
cowpea grain is an important fall. The nature of the cereal/ 
source of dietary protein for cowpea competition and its ef
peop!e and the stems and leaves fects on cowpea growth and 
are fodder for livestock,The cowpea appears to rely 

yield were investigated. Yield
of cowpea grain was greatly 

on two strategies inadapting to reduced when a cowpea inter
dry growing conditions. One is crop was planted 3 weeks after - . -

prevention of water loss, through a millet crop, compared with 
closure of the stomata or pores of cowpea planted simultaneously 
the leaf surface. The IITA/JIRCAS with the millet. 
team first tested this capacity by Besides time of planting, the i . 
screening 900 cowpea lines for number of leafy branches that .r, -

drought tolerance at seedling the plant developed was signifi- ': " , 
stage, during the 1990/91 dry 
season. By 1994 several lines 

cantly related with grain yield. 
Cowpea intercropped with mil- A' 

had been selected which consis- let simultaneously, or planted as 
tently gave good grain yields and a sole crop, developed 4 " 
biomass, when grown under con- branches per plant, on average; 
ditions of low moisture. while cowpea sown 3 weeks . 

The researchers thereupon after the millet bore between .
compared the root characteris- 0.5 and 2branches each. Evi
tics of drought-tolerant cowpea dently, shading during the '2; . 
lines with those of drought-sus- cowpea's early growth stages , 
ceptible lines, as a test of the limits branching, and ultimately .' .. 
plant's reliance on asecond strat- yield. -: -
egy to survive drought: to take IITAandJIRCASarecurrently .,: 

advantage of greater moisture working to combine selection of. ., 
availability deeper down inthe drought-tolerant, deeply rooting 
soil, bymeansofawell-branched cowpea lines with good grain 
root system. The drought-tolerant and fodder yields, and other Leafy branches proclaim the high drought tolerance of 
cowpeas indeed had better root 
development, in terms of long 

desirable characteristics, inlo-
cal intercropping systems with 

cowpea germplasm line 1Vu 11979 (top), incompari
son with a susceptible line inthe same field that has 

and numerous branches, at cereals. practically succumbed to drought. 
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Counterattack on two fronts 
For 20 years an enemy &
 
of cassava inAfrica, the
 
cassava green mite now
 
faces formidable barri
ers incontinuing its dep
redations, because of ad
vances inbiological con
trol and host plant resis
tance. 

BIOCONTROL IITA 
biological control re
search has identified and
 
established several 

predators of the pest in 

,
 

cassava-growing areas
 
across Africa. Surveys
 
during 1994 which fol
lowed up earlier releases
 
confirmed the survival of
 
two mite species of the
 
genus Typhlodromalus in
 
West Africa and one
 
Neoseiulus species in
 
East and Southern Africa.
 
T.manihoti was found in 
Ghana 41/2 years after Unblemished, dark green leaves affirm resistance to the cassava green mite of the IITA cassava vari
its initial release. Aston- ety on the right side. Leaves of the susceptible variety are mottled and the growing tips deformed. 
ishingly, T.oripocovered 
an estimated 1,500 square kilometers after only 11 months. High density of the hair-like trichomes (on the leaf's 
(See "Tide of battle turns against the major mite pest", lower surfaces and the growing tip of the plant), and greater 
page 42.) InEast Africa, N.idoeus was found inKenya length of trichomes, resulted in greater resistance of the 
21/2 years after first release and inZambia, not far from cassava plant to damage from the mite. The ability of the 
the Zairean berder, nearly 1year after release. Predators plant to "stay green" or retain its canopy under dry condi
from past releases elsewhere are expecied to have sur- tions, an indicator of drought tolerance, also figured posi
vived and to ndd to these successes when confirmed. tively inrelation with mite resistance. 

Hosr ',IW.T RESISTANCE IITA breeders achieved a Cassava leaves with a high calcium content and low 
long-term b 'eding oblective in19.4: cassava genotypes phosphorus and starch content showed low levels of dam
which combine resi f,,,-ecasso /Cagreen mite with other age; perhaps indicating greater thickness of cell walls whicht" 

desired traits, such as appropriate agronomic and food could resist the mite. High levels of 5amino acids (isoleu
qualities. The results of extensive multilocational testing cine, tyrosine, phenylalanine, glutamate, aspartate) inthe 
showed high levels of resistance. Improved, high-yielding leaves were also associated with reduced damage. 
genotypes with this resistance, and their seed progenies, The research indicated that genes which control cassava 
were distributed to 18 national programs insub-Saharan green mite resistance are independent of genes for resis-
Africa during the year. tance to cassava diseases. Hence, genotypes can be 

The mechanisms of resistance appear to consist in: selected for disease and mite resistance traits separately 
*antibiosis (i.e., apart or product of the plant that deters and crosses made between the cultivars for multiple pest 
the mite's growth and development) resistance. 
*non-preference (lack of appeal to the mite) 
* tolerance of the plant for the mites' depredations. 
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and Striga. Inregional uniform vani-
ety-trials in 1 7 countries, 34 early 
and 25 extra-early sets were dis-
patched. WECAMAN also organized 

workshop on Sth a control, a 
technicians' training course, and a 
monitoring tour of maize research in 
Mali and C6ted'lvoireas means to 
strengthen network members' capa-

' bilities. 

Posthahest technology 
IITAreceived new funding for 
postharvest research and favorable 
attention from promoters and con-
sumers during the year. 

SOYBEAN The IDRC-funded project 
on soybean processing and utiliza-
tion in Nigeria (Phase I) was com-
pleted in 1994. IDRC agreed to fund 
athird phase, t'13>t implemented in 
Ghana and C6te d'Ivoire. 

ON EXHIBIT A surge of public inter-
est in IITA postharvest technology 
brought the Institute invitations to 
exhibit at several trade fairs around " 
Nigeria and the National Merit 
Award for Lo'l Raw Materials De-
velopment, of the Raw Materials Re-
search and Development Council of 
Nigeria,"at their exhibition at Lagos 
during December. From followup 
contacts after such events and re-
quests for information and advice 
on postharvest research and prod-
ucts, it isclear that IITA has evolved 
aholistic role for itself which en-
compasses field production, 
postharvest systems, and consumer 
issues ., 

Alley Farming Network for 
Tropical Africa. 
AFNETA held 4 regional alley farm-
ing workshops that discussed pro- 
posals for on-farm developmental 
research ,in 6 West and East African 
countries with high adoption poten-
tial and for experimental research 
on farm and on station elsewhere in 

to be supported by Canadian 

government funding. The iarge-
scale developmental projects aim to 
reach 600,000 farmers within 5 
years. 

Inrecent experimental research, 
the most promising multipurpose 
tree species were selected for the 
semniarid zone (Prosopisjuliflora, 
Albizia lebbeck, Moringa oleifera, 
Leucaena leucocephaa, and 
Prosopischilensis); and for the 
subhumid zone (Senasiamea, 
Albizia lebbeck, Leucaena 
leucocephala, Gliricidia sepium, 
and Albizia lebbeck Malindi). Ear-
I"ler research had identified the best 
candidates for the humid forest zone 
and the midaltitudes (Calliandra 
calothyrsus, Leucaena leucoceph-
ala, and Gliricidia sepium). 

Integrated Pest Manage-
ment In 1994, IITA was designated 
the convening center to steer the 
implementation of the global IPM 
initiative among all CGIAR ceniers. 
Atechnical coordination meeting in. 
The Hague in February 19.95 devel-
oped adefinition and policy state-
ment on IPM, established a secre-
tariat in IITA's Plaht Health Manage
ment Division, and discussed 8 pilot 
inter-center projects. The' IPM initia-
tive provides international agricul-
tural research centers an opportu-" 
nity to enlarge collaboration, such 
as IITA has done in biologicalcon-
trol and host plant resistance, in ad-' 
dressing priorities on the agenda for 
action of the 1992 United Nations 
Conference on Environment and-
Development.. . 

Research on IPM requires par- 
ticular kinds of characterization 
studies toestablish the importance 
of the various constraints, before re-. 
search for implementation isunder-
taken and as a basis for the evalua-
tion of impact. All research activities 
in diagnosis and IPM implementa- , 

tion have been consolidated into 6'e 
projects from 1995. Four are crop-
based (cassava, maizegrain le-

gumes, banana and plantain), 1fo
cuses on aparticularly difficult para
sitic plant (Striga), and I concerns 
bliological control, The following 
paragraphs highlight the main 
project activities of 1994. 

IPM FOR CASSAVA (See panel story 
opposite,) 

Establishment and spread of 
predators ofthe cassava green mite 
(CGM), the//mites Typhlodromalus 
manihoti, in 2 countries over ap
proximately 100 square kilometers, 
and T.aripo in 8African countries 
over some 1,500 square kilometers. 
* Attainment of significant CGM re
sistance in combination with other 
desired characteristics in improved 
cassava varieties., 

Completion of regional diagnosis 
for setting priorities for cassava plant 
protection in ESCaPP countries. 
Project training curriculum devel
oped. 
* Characterization of 250 strains of 
Xanthomonas 'campestris (pathovar 
manihotis) from 5 countries-patho
logically, physiologically, and ge
netically.. 

IPM FOR MAIZE The project en
compasses field pests and 
postharvest problems within large,, 
projects on the larger grain borer 
and other stored-product pests. 

. Seed-borne nature of downy mil
dew of maize, Peronoscierospora 
sorghi, in Nigeria was demon
strated. This discovery iskey to de
velopment of strategies to control 
the spread of the disease. 

Data on aflatoxin in maize in the 
dry savanna of Benin showed a 50% 
increase in contaminationof stored 
iniaize within 4 months from time of 
storage., 
. Good progress was made in 
breeding for resistance against the 
stem borer Eldana saccharina . 

Evaluation of the role of grasses 
and rice as "trap" plants for stem 
borers indicated management op-

For full spellings of abbreviated names, see inside of back cover . ., 11 
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tions in reducing damiage (omaize. 
Success in rearing e\oltic parasi-

toids CoWOsja se.snfmi'ae aitl C. 
fltwipes on stem borer .Sesaniia 
(,flailitiLi reveals a prolising new 
pest/!)arasitoirl asso( ialion. 
• Posheleae studies ofRTerrioso-
,,a n.rus-ens,a predator of the 
larger grain borer '(Pnsteph<ILus 
/ionca/C'. f)reviiousl\y released by 
G-Z ill logo and (lis)ersed into 
sO lt hvWestern Benin, show,,ed that 
the Iredator was spreading rapidly. 
Data from pitheromone traps and tra-
ditional maize stores denm nstrated 
irnl)act On pest I)o)ulalions. 

INTEGRATED STRIGA CONTROL Prom-
ising solutions ill halbitat-anIl par-
ti(larlv soil-n1anageienlt are ex-

pl)Ored in this mltidis( iplinary at)-
proa(ah to conrtril stli,,,a species and 
other I)arasitic )lants. 
* About I 10 hemi( al c(oniplunds 
froi both hosts and non-hosts were 
toolnd to) Ie aclive ill seen germina-
il ot Striga species. They were 

isolated and \\ ill be tested for rise, 

ultimalely, in ratpid screening sys-

lellis. 

* The role of ptetple in dissemi na-
tion of seed of Sigr-,, spec ies (in 

mi \tuires with crop seed) was lari-

fied. 
* Non-host screeiniig te(h(nology 
was greatly simplified and became 
available to national Iprograms. 

BLidinig oii earlier progress and 
Use of a standardized arlificial field 
infestation techni(lue, IlTa maize 
Ireeders increase(d levels of resis-
tance to the parasitic plant Sg. 
hermnonthica, ini hotiybrid an( 
ot)eii-)ollii ated maize ulItivars. Re-
Suilts fl'Olll 194 trials under .t//qa 
infestation show that gra i yields of 
some open-ipollinated cilItivars 
(I)Optllatioiis and synthetics) ap-

)roacied those of the most resistant 
hybrid in IITA's anti-Stik. arsenal. 

Besides their encoLragilg yields, 
the new maize cultivars showed iri-

provement in the capacity to reduce 

emergence of Stfa )plantsal)(ve 
grou1(1. IITA has, since 199, re-
(lol)Iled its efforts to select maize 
with this trait, in ortier to reluce the 
a11oillt of st' i Iplail, Ihat flto er 
and add their seed to the soil. The 
capacity to activale-or, c(onversely, 
to (liscoLiage--the germination pro-
tess in Strgi is controllel geleti-
cally. 

Ir M FOR LEGUMES From 199.3, the 
spe( al prter t /j ote( tion 
t ologi/uemet nt dable do niehb 

(PEDUNE) \vili hecome parl of the 
larger IITA proje(t on IPM for Ie-
gtin1es. 
* Isolates of Bacil/os thturiniiensis 
fro1m ,\uirLlnll University were highly 
effective in killing first instars of the 
)(d borer A1tart/ca. 
a Parasitoids ot Ategaurothripsspp.
from Malaysia wre laken to 
Wageningen AgricultulI University 
for (uaranltine tesing. First oftsl)ring 
ont AI. sjostedti showed pronise for 
Lisetulness of this new association. 
• Sclerotia of D.u. uliochleta,g/.v-
cines were dete(ted on soybean 
seed obtained fiom pods iMlected 
with red leaf blotch, indicating a po-
tential for seed transmission. 

IPM FOR MUSA Parallel activities 
are being coni L:te( in tile East Afri-
can highlands on banana, under the 
East and Southern Africa Regional 
Center (ESARC), and in lowland 
West Africa on )lantain. 
* Completion of characterization 
surveys oii banana in Uganda en-
hancel understanding of pest distri-
I)lition and damiage severity. 
a Sigatoka/plant interaction, sLIP-
gested that research o(n stations 
shoulI niove t0 farlers' fields, pref-
erably in "benchmark" sites. 
* Fungal Ipathogens effective against 
banaia weevil were identified ini 
laboratory studies ann were tested 
for field-persistence and possible 
delivery systems. 

Bioconirol 
13iologica (onrol is ait ieved either 
lhrOugh inltrolur lion of l)eiefi(:ials 
against IpSs in he flarming system, 
or lhrough a))licationl of indligenous 

lungi, as tested against 1o(ists andi 
grassllopper-. The latter project, ill 
collahlration with many inslito
lions, will soon be expanded to 
most of Africa. 

All I) ologicA control activities 
against the cassava green liite and 
the cassava nmealyhug have !)eeii 
conilnbined with the project on Eco
logically Sustainable Cassava Planlt 
Prote(ion (ESCaPPI and other 
smaller special projects anti are re
porled 1nnder lIM. 
* For the lirst tile, (olitrol of 
Sahelianrasshl))ers by the fungus 

Aletarhizitmi fl, oride was demon
strated in Mali. 
"Mass )roli(tion rate Of the ftln
guts At. IlaWcocoirOe was incieased 
tentold. Yield of A. fl,aociride 
spores Ier kilogram Of substrate was 
increased fivefold. Conse(lUenlly, 
costs of formlated Sil)ores )lum
iiieted from $4(0 to less than $8 per 
hectare. Storage of ndry spores was 
improved so that spores remain vi
able for several nionths. 
e Experiments and sui)seiutient iiod
elling demonstrated impact of spore 
residue (i.e., l)est mortality) in the 
field. Consequently, spore at)l)lica
tions may iiot be needed every year. 
9 The parasitoid Ana,yrus 
miangicola was finally established 
amiong the last high niango mealy
bulg infestations in Benin, namely 
those ill big towns, )articu laly in 
the north. That l)arasitoidl has in
creased the impact of tie lpreviously 
eslabllished, coexisting 
G,'yrandlsoid(ea teby,i. 
- Two sereni ipitoL/sly introduced 
parasiloids of tile sp1iralling whitefly, 

Encirsia ?hiitiensisand E. 
gt/adeloupae,were fouinnl to have 
improved whitefly control after hav
ing spread throughout Benin. 

For full spellings of abbreviated naames, see inside of back cover. 12 



Gaining access toleto 
resistance genes 

Inthe drive to endow cowpea with 
resistance to pod borers and other 
pos owering i!e ,, , 

vestigating the merit of moving resis> 
tance 'genes from awild Vigna spe-
cies (V.vexillato), which demonstrates 
excellent resistance, to the cultivated' 
cowpea (V.unguiculoa subspecies 
unhuiculata). Direct crosses between 
cowpea and its wild relative have 
yielded embryos which are, however, 
not sustained inthe pod by the mothr 
plant. Inthe hope that such abortive ~ 
embryos can be rescued and permit 
ted to develop normally, IITA has de- nratory
veloped a medium to nourish imma-
ture Vigna embryos in a test tube. rso 

The medium isthe main messagei 

biotechnoloogy 

BIOwArr Guidelines were developed 
f, 'Nigeria with technical support from 

ureIs. 
and Natural Resources' Nigerian scien
lists and policymakers met with IITA scien
tists during 1993-1994 to work out policy 
guidelines to promote safety inbiotechno
logical research applications and uses' of 
products. 

Construction of a newilabora-
NW L sc 
tor wing,,with containment facility that 
satisfy biosafety standards, was completed. 
This extension tolItA's biotechnology labo

was fuded by the Italian govern
merit,as waothe orginan orlab a 

as w riinal laoror 
tiogaThe First Workshop on Imple

stages, by' "bridging"~with crosses' 
between compatible Vigna species
until the resistance genes can be intro-
duced' into cowpea itself, In1994; 

~ IlA succeeded in crossing its first' 
"bridge": inhybridizing V.'iexillaoa 
with V,dcnyi. 'IlTA 

Sources 'of resistance also exist in 
anotherwild relative, V.,oblongifolia. 
In1994, aresistant germplasrn line of 
V.' oblongifolia was crossed with a 

* susceptible line of the same' species, 

mentation of Biosafety Guidelines inNigetry- test tube: amedium developed to supitnITA researchersare, as wel!aig to make the genetic transfer, in' immiatuare embryos of wild relatives of ria was scheduled to be held together with 

THE IITA INSECT MUSEUM at Benin 
Station, Cotonou, as adepository of 
specimens, was named as the re-
gional identification center for 
BioNET-INTERNATIONAL to sup-
port national programs inWest Af-. 
rica and link them with institutions, 
inthe rest of the world. BioNET is a 
British initiative to improve coop-
eration among biotaxonomists in re-
search for the tropics and by devel-
oping countries which envisages,' 

"this 

cowi' The 3-month-old Vigna inauguration of the new facilities during 
vexi1ta pictured here was grown from ae,4dyolmro 1994; but circumstances, dictated post
4dyodero.'ponement of both milestone events to 16

~for implementation from 1995. 

producing progenies that are expected-
to exhibit different levels 'of inherited 
resistance. From among these hybrids, 

will attempt to identify the genes 
for resista~nce, helped by DNA markers 
that.~ adcssociatedl closelX, with the 
J~eh' that confer resistance.: The aim 
isto find and clone resistance genes 
for use in'traiisformiing cowpe'a. 

Ecoregionall research 
orientation 
IITA enhanced the "ecoregional" 
perspective of its research program
by reorganizing its whole agenda 
along the lines of agroecological ' 

zones or regions. (inearlier years, 
'perspective was associated 

largely with' farming ytm e 
search.) Program activities were 
planned in 23' ecoregional projects 

20 January 1995. The Biotechnology Ad
visory Commission provided resource per. 
sons, while the Stockholm Environment 
Institute supported the biosafety workshop. 
The occasion fostered the kind of dialogue 
between scientists and policymakers that 
'isvital for further information exchange 
and dlecisionmaking inthis, new field of 

*scientific regulation. 

and facilitates combination of natu
ral resource management with pro

'duction objectives. An ecoregional 
orientation provides acommon per
spective that wilt promote multidlis
ciplinary effort and collaboration.' 
KCollaboration in'ecoregional ini

'tiatives and with "consortia" of insti
uin htsaersac ol n 

creased inconjunction .withthe 
ecoregional perspective of research 
activity,,, 

among other activities, collabora- ' The reorientation enhances focus
 
tion,among insect museums.. on resource degradation problems
' 

"'For full spellings of abbreviated namies, see. inside of' bock cover. 13 
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CONSORTIA ofI crflhmatimanld f1-
tional reeatr( 11111(1 kdeelopnielt 
groLlps have v( l\d il re(ent yearv\ 

JroLlnd ',lWiIf i(5',uL(S 
al(d areas of 

concern. l)uring 1994, RCMD par-

ti( ilmat'(i ill the d(l'v'lo))1('t of 

three c or('Lijnal iniliatives: 

* (;lohal hliiatie on Alternatives to 
Slasi-and-Burn (with ICRAF the co-
ordinator and IITA res.lnsiile for 
h12C(ongIo tlasin hlI( Imark area) 
* Inland \'allev ConSort till(With, 

WARIl)A as le3( Icr an 11(TA a (on-
Irihntor in ( iara( erizalion and GIS 
all~l aliolls) 
SEcoregional ~rOgram for the H-
Mid adi0Suhhnniild Tro)is Of SUh-
Saha ran Afria (with IITA the (lon-
veninlg ( nfer(. 

BENCHMARK AREAS are geographical 
areas dhat mr( deined according to 
ill)ortanlf Pr1it;rl s anld Oll))orfliii-
lies for spe(ific resear( h domains.
Thuy are large enough (11)treIo 


the essential hioplhysical and socio-
econom ic (hara(ltrislics. Research 
pa rtners, ill( Ildinig development-
oriented NG( )s, al collaborate ill 

enc hmark areas to enlan(e results 
alid avoid dul)li at i)1(described ill 
"New resear( h plartnersllip ill the 
moist savanna",page 28). 

InCameroon, IITA and the ha-
tional agronomic research insltilule 

defined and characterized a bench-
mark area of 15,00) square kilome-

ters ill the forest nimargins, vhich rep-
resents a resource-use gralienl that 
extends from huonting and gatllerillg 
ill remolte foresl co('0llnLtllities to ill-
tensive trodulctiol ill urban perillh-
eries. 

Resources invested ill diagnostic 
studies and alpplied techlology de-
velollment ill henchmark areas in-
creased, while resources for charac-
lerization of agroecosystenls were 
reduced, ill IITi's resource an1d crop 
management research activities. 

MOIST SAVANNA Wilh o(ncent ra-
tion on the northiern(uinea Sa-
,,ann, rIsear(h hemes ere: 
• aqorec' ,svte) dlirosis. Data 
were analyed for a 14-(ountry (har-
aferizdtlioll slU(y. Resnlts fro1m 
Central Africa Sho(,,f imlor-d the 
tane of nmrket mc ess fo- te( ',no-
logical innovation ill tarniers, live". 
•soil i)rOdti\'ity, (See 'The year in 
persle(tive" Whi(11pre(tedes these 
highlights.i 
* ,'egelatill llaln'lagenlelnt A 1o(1-
iltlter-blSed "'e\lerl s'ste1" Ior se-

lection of legominons Ieclhnologies, 
LEXSYS I , Was ptlIblished n11ddis-
trihtu, among collahorators inlr'-
search (il ssa ilnal C,ctrea-hased 
croppling sysl'nlis. 
a croppling syst'ms. The proport ol 
of nitrogen fixed Iy soybeans ill the 
soil ranged from 14 0to 60', de-
)enldillg On (tuhivar. (Ste "Natural 

technologies for stustaille food
l)rodluctOIl" Oil page 3.) Regarding 

Striga conltrol, soybean )erformeI 
w'el oil Slri-infesled fields. 

HUMID FORET The program devel-
opcd a concept for protecting fragile 
forest ecologies and imlproving 
farler welfare, through cRltivation 
of short-fallow systems and diversifi-
cation ill forest iroducts. Research 
themes are: 
* agroecological dynamics. Forest 
clearing had an inlmediate adverse 
effect ol soil biota, such as earth-
worms and termites, which are vital 
elements ill sLstainable 
agroecosystems. Effects Of hurning 
off u1llWallted vegetation, a prevalent 
farmer practice, were analyzed ill 
relation wilh soil chemical and 
physical tproperties, an1d subsequentL 
crop growth. 
* development strategies. StLudies of 
alternatives to slash-and-iburn 
agriculture showed that diversifica-
tion in non-timler forest products 

will not be easy for forest-zone 
(onflluiti1s t(I(lte( p, OWi ig to 
illSLIfflIlt 1(11(1demand 11(d high 
marketing (oS. 
• soil and iplaIll management. Re
search (1 Ihe prohlem weed Chro
111o/aeia ree',ed l tlit shad(ing a0d 
argeted slashing May he used to re

(ILI(e its (oilpelition with crops. 
First resull Of a trial for i1111prove
illenlt of soil orga1i(: latter content 
shoWe that Mulches call (10 as 
nuch tor root g)r\VtlI as liming. 
a iroducltion systems. Alley crop
I)illg researh1 (olltirlled that there is 
a 11eet2dfor a short fallov period, 
even for lanrld under alley crolpping. 

AGROECOLOGICAL STUDIES A nono
graplh was p)nLiNsIhed onl ITA metlh
odology for characterizaiol of in
land valleys, hased oil rellote sells
ing imagery (describled in "Zooming 
ill on backyard resources," page
24). IITA helled estahlish CIS capa

bilily in 14 cotnlltrieS by means of a 
workshopI, provision of hardware 
alld software, aind fol loW-Lip training 
in-country. 

New direction 
New director of the Plant Health 
Managenter Division is Peter 
Neuenschwander, entomologist, 
who succeeds fellow enltolologist 
Hans R.Herren. Founding director 
of IITA's Belin Station and Biologi
cal Conltrol Center for Africa at 
Cotonco, Belin, Dr Herren left IITA 
after 1 5 years of service to become 
director of the International Center 
of Insect Physiology and Ecology 
ICIPE). 

Doyle Baker, economist, was ap
pointed director of the Resource aind 
Crop Managemenlt Division. Hc 
succeeds fellow economist DLunstari 
S.C. Spencer, who left IITA ill 1993 
after 7 years as RCMD director. 

For fullspellings of abbreviated names, see inside of back cover. 14 



New 
Musa from 
Africa 

FROM VISION TO REALITY 

Africa's hybrid to beat the sigatoka scourge
 
Deep in the river delta ountry of 
souItheastern Nigeria, at ITA's ()nne 
resear(h tation for ram ing il tihe 
higl-railifall 1ropics, a ha ndfl of 
resear( hers "did what the experts 
sa id (1OL11dHot be dlone," il the 
words or ole well-wisher. In their 
hanlds, the ingredielits of good sC i-
enCe-i nsf ilration, sound knowl-
edge, j(((Idri0us risk-taking, arnd 
goorl luck--were, coriihinel inl
the rigIt meas res to produce Iily-
ilri i)ltain-leanana ctlti\ars for 

Afri(alr farrlers that canl resist 
black sigatoka, a tUnlgaI disease 
that isone Of todav's worst 
threats top)laintain and hanauail 
crops worldwide. 

The develoiient of the high
yieldinrg hybrids I)rorght I\TA the 
1(3(94 King Baudouiin Award, for 
tie iot outstandinrg achieve
iert in international agricLlltiral 
research in the past 2 years. The 
new resistant hybrids can lbe re
leased to farriiers after trials are 
conipleted ariinig the I0 coi1-r 
tries cnrrently testing theri. They 
are expected to replace existing 
susceptible and lower-yielding 
varieties within the next decade. 

Of all the high points that 
characterize this award-winner
the tens of nillions of corisUniers 
who will ieriefit, the niiriscile 
investriert inl research (US$2 
nillion), the new insights into the 

plant genetics that open new ways 
to overcome other production 
hurdles-the triunii) is the breed-
ing of plantain hybrids with seed 
froni a sterile crop, an irneredilile 
feat vhc lihas riot yet been 
niatcled il 75 years of effort else-
where in the world! 

And on top of that, in an ircred-
ibly short til e-withinr just 5 years, 

the hybrids were developed with 
disease resistance and with high and 
sta)le fruit yields. That was only half 
the time which the researchers had 
set themselves to achieve their oh
jectives. And that about halves the 
expectation of 8-1 2 years for devel
oping a new cUltivar of riiost food 
crops. 

Plantain afflicted with black sigatoka can reduce yields to virtually nothing, as IITA scientist
Rony Swennen and a Nigerian farmer noted in1988. 

. . 
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Threat Tie 1l)a k s1iat(lAa disease 
itself ,rew to threatll plants ofti!e 
grILls ,%us,, taliost, a ,ll afli 
l)aniana cltiVars; .odrldl\e within 
lhe ,rt time Ot A() \'ears. Caused 
l)y the IIIigtl., A,to(O)/)I 1(4/d 
lI/jie0)is Mo reht, the disease was 
lhIr identifiil in Fiji inI1t }, 
whene(, it spread to oller ta(ific 
Islanls, Aia, aid- I )y'ars later-
Afri(a anI ('nral and South 
Ameri(a. 

SoRs Of 11Pthetunus are dis-
terseod I,yirl aild waLtr, so n(o 

tropi( al lae(e on earth is beyond 
the,ir reac h. -he tun, us estalli1ies 
itself in %ld I('at tisSles and cauLSeS 
hro,\ii streaks to alppear. Tley 
spireao midillurn blaI k, finally (over-
ing l:n(ld dstrovin the 'leaf. (See 
plhotos, 0erleaf.t 

This ne( rosis (ari olestroy most of 
the leave, of a plant adld sharply re-
C(I(' phlio( )syritlie:is. As a result, the 
ia1t can iro(1e((e only small 

I)hu( lies of ftruit.infleAn ted ilanta-
lion (an lose one-lhird to one.-half 
of its eXpetled harvest. -T-hat threat 
to the e (oniy ann nutiion of \f-
ricails st,)ltlOf Ith(' Sahara is a se-
vere one(l:an estiniated 70 million 
people in lle region c(onsulle lie 
cropl as one Ot lheir staple foods. 
le gloss valLe of plantain and ha-

nana iarvests in suh-Saharan Africa 
exc(eds that of other staples suci is 
maize, rice, and cassava. 

All planlains tranitionally grown 
by West African farniers are suscep)-
lile to Ie dlisease, as are nmany of 
the niost widely grown iananas in 

eastern Afri(a. Fungi(i(Ies Can arrest 
the slpreadl (if the scoturge, )lIt their 

c(ost pUls lhIn well heyonl reaclh of 
the Afric-an smallholders who grow 
aind consunLe the crop. Tie risk of 
environniental (oitani nati on 
thiroLIigl lIong-term ulse also argueS 

againsl relian(e on ienlical nleanus. 
It was clear from the Onset that tile 
only satisfactory solution would be 
developleni of ,lisease-resistant 
cultivars. 

hi Africa, 
11lack sigatoka. 
was Iirst (let(IItl 
in 1974 in Zani
bia, s<oulherniAf
rica, b A()ex- I 
perl Rolan I 

Raemakers. In 
198() it was re
ported in Gaon, 
on Central 
Africa's west 
coast, where it 
may have been 
irmO(luLcetl sonie 

years earlier wili 
ilanting materials 
iilorted froil 
Asia. The lisease 
spread from 
Galbon to its 
neighbors 
Cai(roon, 
Congo, adi Zaire. 
Ii 1986, IIIA 
agrolnomists 
George Wilson 
anrd Rony Pollination of female plantain at IITA station at Onne, Nigeria, 
Swennen discov- by staff member John Echoi. 
ered the chara(:
teristic leaf spots 

on plantain ini a Nigerian farmer's Langhe, a former plantain re
field, wlicl were confirnied to be searcher in Central Africa, as a spe
synll)tonls of the dreaded disease )y cial project in cooperation with 
pathologist Ivan lBuddenlhagen. IFAD, Ghent University (1973-
Shortly thereafter positive reports 1976), and Catholic University of 
fron farther west inl Glana and C6te Leuven (1 9 76-to (late); the latter 
(I'voire attestedithat black sigatoka two collalborators with Belgian gov
was Ieconling pandenlic. ernnient funrIs. 1-hey convinced IITA 

Any new disease that Ihreatens a nlanagenlient to Undertake the work 
stalile food crop ill Africa warrants and laid down the research strategy 
concern early on, because dlisease for years to come. 
can slpread rapidly under tropical 
(ondlitionsl and Fie(:altse ally lhreat New breed FIn1987 lIrA accepted 
to tile sucisistence of farniers and the the responsibility of b)reeding plan
i rhall poor can escalate into eco- lairis and cooking bananas for Africa 
nonlic caastralIh e. Early ill the with resislance Io black sigatoka Idis
1980s African goverinients l)egan ease. Work on tvlsa genetic iii
e(icou raging IITA to start a cal- provenlent had conilien(eth tIe pIre
paigni to control black sigatoka. IITA violS year wilh crosses belween 
was well placed to (1o so, since Wil- plantains and wild bariala. ie goal 
son had begull plarntain research in was to build into the plant, over a 
1973 together with Ednioid de I0-year period, black sigaloka 
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resistance an(I other chara(teristics Wilson, Sw nllelln, an ell() teniale pllnk ()I Iw, (,' lit' 
that coulId over(ome its worst prob- agr(o DeVis, 11(Ir("'. Se(,(lel(-,, iakes thell)l liSt PaLc thelfirst " 

lens allollg niseases, Iess, aiilnell- iflantain reseiihers at IliTA, had i(- ei',eil 1)eat, tl L'\trnIlv'h (iliffi(tll 

vironlmental steSRSes, and ironluae (Lse(l 0n (luietnl 01 ('rO)) fininigeO- )toiret,('. Iv 1)8 the 1A cOlle(

high yieks with )referre(I Looking crop phvyi'olog--wlhat tion i clu(hI I I lnraes, almostMient an11d 
(tlhllities. flia,le smallhol(ler tlrnlil( O1i)laln- all those kin(i\\l to e\it worllwinle. 

A tallha k slrateg\' was also tains ecologically SdsainalCt VVlIV For1tlnatlh, SOme of tlhell wre (

, ifi(lopte(l, t) pro(te i substitute for WOLiI large-s(ale I)litalioll rat)- Ialh' 1 IrotltiiIig tiolrigh y'e, 
consuniers shonulI the (lisase re- idly lose I)ro(ILI(i\ity? [he ago)- use ill imlroveilent wee(Il,. 

(ILice hC sUlyl I)laltains eftore nlomiC Lin(lerstan(ling tley (lev('l- Wil(d or(iultivatle Iaianlas 

reSistant hslrids I i Itc(ome ilantai Intarling sys- \\,Ihi(I ahea(ly e\hihil(d (lisease rel( l)e(l, of local 
wi(lely availal e. (o)oking ba nanas lems aiI tarmers' nee(s, an(I their sistance were sele( te( is males tor 

that were ahl(rey resistanlt to the physiological knowle(ge of ithe rossing will the sce(I-erille fe

tisease were intIO(lu( e(I troM tile plant, provide(I a solid toL(mdation Males. P(Ollen ftonil ite selctUd 

INIBAP iransit (enter at the Catholic for the Ireerling program \\,li( h males was a))lied toIhe flowers of 

Un iv,'rsity oIf CLnven a1( I pr()a- evolve(I in respollse toIhe go winrg thethiewvly (1 ene iacts of the se

gated rapidly, with INIIAP Slpport, threat. le(te( females (see Ihoto, Opposite) 

il small i)iasli( (itainers. They Devos anrl Swennen l stIlied lhe in e\(eiiental plots at ( )llne sta

were offere(I as plailing material to taxononly of ilantains and alnallnas tioln, ill a s(helule (lesigle(l to fertil-

Nigerian friers ,iil Organizations and(collecte(l AIsai gernil)Iasil froim ize flowers at their most re(elptive 

together with a(vi(e and demnn- late in the I970s. Different Alum tine for setting see(l. 

strations oin how to irepare ac(ept- tyt)eS haVe )een (cLilivate(l in Afri(a IIantairi femallae were selected 

able (lishes froii the frtit. for more than 2,000 years. They as iarents for their high fertility, for 
The SLR(CcSs of the enlterlprise have evolvedl into rliffCrent ( Ultivars lheir seed-I)iordliiig (a1),I( ity. The 

seems ( lear in retrospect, lIt ill the Or "lanrlraces" in i),rti(utllar areas or Most frenenltly nsedImale i)arelll 

makiig it \'as all Ir(on\'enltionI,1 locales, Ipartly tihrouigh selection Of was the wilI hanana "Calutta 4" 

aInd risky vetLrie). It is a sto)ry of preferre(I food (tLialities hy the fa rm- (AItsi Ac.nninlhl stihs)ecies 

peoplle andl place-lie scierntists ers growihig them. hl.rnmannu oideS. It I)rdLices large 

WhO ti)llrSnerl their vision, in a par- This "farner-guide(Id" evolLtlion (ilantlities of fertilLe )ollen. It has a 

liula r environment that harlits own has also Virtlually eliminated the fer- high level of black sigatoka resis
ariantages and stresses. tiliiy or seed-hearing capacity of tance whiich it readily transmils to 

itsprogeny. 

Tissue-cultured Musa crosses in the laboratory at Onne station, held by IITA technician The Use of Cal(itla 1 as parent 

Leonard Oragwa stock was a radicil eparture from 

conventional i ice-it is not0 (LiI

- tivated, nor is it initirove(i, an(I it 
0 irodLces small, ine(lihle flruis. UIti

mately, the wilI Calcutta 4 did not 
transmit iiferior fruil (iilialities to its 

progeny. The SLIC(LSS With CalCLItta 

4 as a parent dLeposedI the irevalent 
theory that the i)oor fruit size, or aiiy 
other characteristic expressed by the 
wild male i)arent, wOuld necessarily 

-- -.... be transmiitted to its lrogeny. 

" Y 	 Speedy solution Time was it a pre
iliLinl for the resear:h('rs, since 
hlak sigatoka lI)i),iarerI to he gal
loping across the region. The tactics 
of exLcLitilg crosses hetween the 

landraces haI to lie faster than the 

L.LIal 2 years hetween geiierations. 

17 



NEW MUSA FROM AFRICA
 

ivaries witlh hunlitVi levels, 

total rainall, solar ra(lialioni, 
and1 t(lI)er~itLJrP. TIl re-

S( iata ilsa Ihtrs use(l wealher 
lrgehtig Ilie ()tilial )eriod for 

f(hMev(ring, an(i, (Oln!sequelly, 
seedI set. Planlling (lales were 

acoptel acc-or(hilgv. Thev 
alsO foLlncl that tl(_(Css in I)ol
lination varies with tile of 
lay, as the fellale seial part 

inside ile blossom (hanges 
shape. The end of tle dry sea
son, just betore onset ot the 
rains, l)rove( the nilost fecunid 

ti.ime to obtain hyo)rids. 
Seed I)rodu(ltion suceeded 

beyond inlaginel Iimits. The 
Onne average across the year 

Multilocational trials at Ibadan campus show the effectiveness of black sigatoka resistance of an was 2.4 seeds per I)unh(il. In 
IITA plontain hybrid (at right), in comparison with a suceptible cultivar (left); happily demonstrated one instance, pollination at 
by IITA scientists from Onne (from left: Rodoniro Ortiz and Shaun Ferris). o)ir,ial tinie for flower recep

tiVity I)rodLcerl a I)unch of fruit 
AI))lication of celIular I 1)ioec-no- IIhadan head(luariters toI high-rainfall with 203 seeds! Such rates cou ld 
ogy, using various issute (tilure riverine couintry near Port Harcourt, never have leen I)redice(l, consid
tec Ieini jues, ac(elerated the pace of at Onne, next door to the Rivers ering that the researci record else
work oftthe hreed ing progralli. State Institte of Agricultural Re- where shows less than 1 seed per 

Tissue (u Iure involves lahora- search and Training, with Swennen I)unch. 
tory work with A t/sa gernll)lasni to as the first on-station scientist. The Luck, too, played its part, as the 
a greater degree otflrecision than climate there was hetter for (level- essential conpanion to scientific 
I)ossilie in nature. Tissue ( LltLure Opilig (rops and farling systenis endeavor, in speeding progress at 
lechili(iLies t)(rmii ral)id uliIt il)lica- tyl)ical of Africa's huni id forest Onne. The hest 14 hyhrids were 
tion of selected stocks, iil)rovenient zone. Located off a service road for rlodLcedl during the period 1988
in seed gerniiiition through enlibryo coastal )etlro-industries, the renote 1990, with tlie chanpion of all the 
cultlure, and safe ioVeellt Of station was operating \Vitlirout regul- hybrids, TPMx 548-9, anong the 
gerni)lasiii a(ross nationa, liorders. lar water and electricity suIpply, and first batch harvested in 1988. 
All the genetic niaterial in the IITA oiily radio colinuniicatiois with 
Atosa collection couldlihe brought headqiarters. le annual Ibudget for How it happened All that had 
initoplay )ralicably thr<ough Iissue plantain research was $35,000. driven the accoil)lishnlient was in
I:tIllre. The operatioiial stresses appar- disputable, but the theoretical ge-

TissLie culture developlilent fell ently had a Ionic effect, together netics of the process had yet to be 
to l)irk Vuylsteke, all agronionist with enivironiental influences oil explained. It was vital for future 
who joine(l Swennen in 1982 and the plantain and banana plants, and Miisa breeding efforts to have a ge
hecanie a germplasmi enhancer il produced the riiracle of objectives netic blueprint for the plantain hy
the lirocess. By I984 the issLie Cuil- acconiplishied inihalf the tirie esti- bridization. So in 1992, geneticist 
:ure lab was fully o)eraltioiial at mated. The Onne tearn observed Rodorniro Ortiz joined IITA and be
()ine. IITA thuls pioneered Atosa that environmiental influences at gan to unravel the comlex genetics 
ireeding in a "test ube" environ- Oine encouraged seedh set in plan- of the achievenient. 
iiient. taiii, particularly the 10-nioithi rainy IITA registered its first set of 14 

Onne-the place-also figured season each year and a high phos- improved plantain hylirids in the 
in the constellation that spelled scLc- piorus coiiteit in the soil. puhlic comiaiii, by publication in 
cess for the venture. In 1979 IITA Fertilization and seed set, the the international journal 
transferred its plantain research froi otLconie of SUcceSSful pollination, HortScience (28.9:957-959, 1993), 
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for Llrrestri(:teld LIst hy interested ag- th1ouhil Only 4()",, of them (oitaii i of ll(- ii.\\ IlhI'l,., [A hlw h Ioi 

ricuitural researi or dlevelopnlient a well-devellped, viahle ,nhl)rvo. (.Stiulth, hl(,i ,,ri th, t, unovi 
prograni,. \noth(r set of liIri is Tst-tlthe C,rmiratiotn 0if the eihlrv'i Il)ta( t o1 the It1(' i'(nlit he. 

froni he ttrho( I1()88-1j , suLit- suicceecI in to t, (if the the gro \toaif ot urttl )laithiti 

al)IC as hree(ling ,to(k, was alo de- (ases. I1 all, Il,\ searches 111111- i)r(lI( tiiin ill ,rhal is al(iti 
scrihed in t rtScini(,e(). 1:147- aged(l to estalish seV(ral hu1inrC(I L SSJ8. hillion per year, a(or(ling 
149, IP -9). hyb)rid ill the fiell. I \\'orll Hank liglr(,. 1he TMPx 

Il thoe I)rolifi( I years o hreedh- late tesk, t stlidy the potetilil s( k ( an iotentially itt rease that 
ing wsork, iore than 1()genetic a(tl)tal)ility of the hbvrids 1(1 on- \ild hy 225"", tin d(acco1nt 

SO(R CSf Ilack sigatoka rsisais, foLt li1I alnistl() 0(dift'ien(e iesults tr(o111 hla( k sigatoka resis
were i(entifieI amlong IITA's (olle(- in Lste hbt\h eii the hylbrid TMI1 tan( e, earlicr tlo\\ ,ring, aiitd higher 

tioll 0of ,AhIs Igernlllplslli. 11TA re- 548-9 ,ini tll r icli llahi hunch weight. Th alnalt grsS 

starch1 also IOnn(I J7 ( lii<lt(ld vari- (bino l'fwai (its " ltir ; al- value if irthittiin \\oul(l thus rise 
Ctis of plantain that v ele (a)ahle tiiiughi their iri color (iifered. to aIoui $9 billion, if all the area 
of hearing seied, nearly ont-third of IITA's )artner programsis i () sub- (tlrrently unhdr suS( eplli)ltallain 

all existing landra( es-(ontrary to Salaran Afriian (()unlries and I in stock is replaitd with resistant hy

the helif that plantain is a crop dir- Latin Aimerica are (ollaborating in Ibrids and ( ulrrlt i)ri( Cs remnlain (on
ficult to inl)ro\Ve! fieldItrials oifthe plantain-Ilana slanlt. 

Plantain ( rosses pirotlu(e i trials are to IITA of planhylbrids. The (ontinentwide The total (osts 
arounI I (1,)0()seeds annially, al- a/ssessing stlhilbty of trwit yields over tain-halnana hyhrid Ireeding over 

sLic(essi\e harvests, the 1988- 199 1)(riod, inc(hldilug 

IITA scientist Dirk Vuylsteke with banana farmers in Uganda, and the (huahililiiy s(ienitifi( nlanlpever an( research 

where he is IITA's Musa breeder at the East and Southern of tile resistalnc-- SUl)l)ort, was $2 million. The gain 

Africa Regional Center (ESARC) at Namulonge. whether the re:sis- troill that investllenl CoLil(I he $0t.2 
talnce hreaks dolwn hillion. So, for every S 1.(t0 invested
 
over successive il reselCh, thleI'tLIrl to the African
 

2 gcnerations. (eOoniiyWOtlh hIe $3,100.00. EVell
 

IITA and each if only half ilhe rrerltly )lanlted
( 
Cotlnltry il)rograil arel is retlantedl\wilh hyrids, the 

are devoting re- gain frol each dcoliar's worlh of re
searchers, fcIIds, search \voulld he $1,550.)0. Similar 
and material re- considerations would apply for Cen-
SOilrCes for the joinit Iral arid Soutil Anerica, he(-atise tie 

testing, elsci black-sigatoka-resistant hyhrids holdiilg 
that the hIenefits of luchI proniise for c-llivationl ill that 
research meet their region. 
objec:tives and are Whatever ca(ulatiotis are even
shared. IITA is help- ually c:onfirmed ii reality, the 
ing national pro- drana of the achievenient reriains 
grallis to develop as e(ioCiragenliet for other re

tlheir tissue CLIIILrre searchers-to stick to their goals, no 
laloratories as well, matter what adversity they erIcoli
whicl will handle ter, if they helieve they have the 
ImLIti)1ication arid right ideas and (an translate them 
ristribution of liy- into real stelps of progress. That is, inl 
brid planting riale- essence, the story of science itself. 

rials for farriers, 
once the hylbrids 
have proven lieni

selves ill tle field 
trials. 

While preparing 
for the ultimate Use 
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Tailoring the product to taste
 
While th( planin-banana hvhrids inKtniasi ftLolnd that "ttlll"Made the physico-chemiical properties of 
have saved plaltain frolm annihila- witli the hybrid is I)referred to that the ditterent hyl)rid (ultivars, as Vell 
lion, IIrA is still\voking Oil ways to \vith traditional Ilantain, I)ecause as the sensory imlpressionis of con
make the hvbrid i)roduct and (0o0k- the hyhrid has a sloother texture. sumers. Fruit durability ("shelf life", 
ing liananas a,apel)ling to (on1-
suniers as pssi lt,.Nturally, 
)('eol)le prlter what they have h(e)n 

tFulh is a mash or paste which Ghi-
naians ( Onk with pounlet(I plantaini 
adll(aSSai\'llhiLtil measre.) 

ril)eninig, hlllllinustorage aslpe(Is) 
and plal)iability (lla\vor, te(ture, re-
Sponse to (cooking )1(edLtres) are 

a(u(isoinlet( ltoeating. Call, lo\w-
er, the fla\ or, tetlureC, ani Other 

(tLilies Of the eW tironldti( ts (111'-

In Nigeria, traditional planilain 
iiorns of taste, feel, and look still 
prevail. IIlA's laste panel at ()une 

the key qualities that breeders will 
in flttUr have to develop. 

The resea( hlers aimlto draw Lit) a 
h( b)elade m/ore pialatalle? research station tlound, in trials dlur- (ILIality i)iofile for ('(h of the hy

rhats 11[I1I's, plainail and ing 1992-994, that the tra(litional brids in ((omiparison \wilthlo(al plan
lllipro\(ilellnl prograll is prodLtI heads the list in virtually all till. Breeders will use th( data ill 

lsking it5lf. Their poitliarvest re- f(od prepiarations, altlhough the hy- screeling newv hvhrids f(oldesired 
,ear ll a(ti vitie" aill to deterlile hrids are considered palatable. cllaracteristics. 
(a)\\hat ar(1the (uLlities aboLut lly- The cooking haiianras, too, have 
l)ri(lsand (oking bananas that Up market Postharvest researchers yet to niake a broad inpa( Ia1ioing 
peoplle find inferior Iotraditional are exl)eriienltihlg vith possible consuniers. All the sele(te( cooking 
planltain,; and (b)i whetherithose ilew J)lI SroducIsfrrlM ile hyhrids: baiaias outyield traditional plan
( iIilit1s ( llibeeollalced, so that bread, wine, vinegar, and other ains, l)rodLic ing heavier I)Lini( les 
the new )i((i(Is are a(eptlale as foods as well as soap and indlustrial wi lh ilore fingers. Their shape, size, 
diffIerenlibIt desiradble foods. starch. Hyhrid plantain chips have and color are, of colrse, considered 

1I1Ghania, for exaniple, ataste already proved I)Opular intrials. inferior to those of plaiitaiin-apart 
panel at the Crl)S Research lIstitLite Basic stLdies are investigating froil issues oiftaste and lexture. 

Feerlback frOiifae d oes, o w"Mus-akara" (fried patties of seasoned cooking banana and cassava meal), about to be served up by IITA scien-
tist Shaun Ferris, to the family that grew the fruit At left, tarniersinan on-form trial. cooking banana chips are frying. ors, how-

Sever, hint tilitthe 
I)Liblic can evenlt
ally, ac;ep~t cooking 

bainainas. Maiiy 
farnmers Ihieriiselves
 
are satisfied to
 
grow the bananas
 
for their own coi

.- : " sLiniItion. One
 
farnier reports that
 
his wife call lOW
 
sell his excess pro
ductioii at the mar
kel for half the
 

-rice
of )lantain;
 
whereas ithad had
 
iosale valLie \Vhien
 
she first to
took it 

ilarket in1989.
 

"
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0MUM FROM AFRICA
 

A MUST FOR MUSA PROTECTION 

Ecosystems Management 
I3ananias an(l plantais, are a way of energy, in terms of t ost per area clri- research on plant health manage
ife for ill illl (0IOf ta11'r.,IS in tivateti or ,,veight harvested. For rient of Alusa in the 1990s. 

the high-r<inrf,1l ,aS of rrop)i( al Ai- iliost farners they providle al inipor
ri( a, Lll (of lte Sa1Fha1ra. AnlOng lhe laitI n(()nle 5)LIIr( , akin to a hank Needed: eco-understanding IITA's 

( r, 
(ate(l, tie\ t aiLe to Afri( a 0er arises. aiiie(l at (ro) inllprovenlint with 
2,00()) ears agorfrou soulhealsterl In reenl (eale, oweer, resislawt to (liseases (for t',\ilil)l2, 

Asia, w\here Ite' originally es oIve&, planitairls ant hananias have he( Ome see preceling article on black 
Stlint Ia l'oa( rlange of Iherl has 1rm01re (liflitult to i)rO(lrlce 111(1 iiore sigatoka resistian( e). The plant 

e,,olvUd in Atrit a, uri(Fltr (ulltivation, e\I)lisiVe for ( o1istImers to ho y. health i)rolileriiatl(Ite elerginig ill 
thait th Great Fakos region of east- Farniers ha<ve inte.isifietl proltictioli Alus, howevver, tails for neCw on

ern Afrit a is . orisi(lered a (eornLary to keep Ipace ,With the gro\ving (lerstariliig of lle coCsystells stir
oeier of li, er.itv for antI1anarias,I)rJtilationi, bntt soils have be( 011ie roiri(lirig agri ulltrre, especially the 

Vest Africa a se o(lar; tenrter for tlegratl(ed as result and oLlt)tlI has forces ating (il agricrilture. The 
plaritaiils. at ttLally (le(linetl ill smle 'areas. go(al is sdtil Is to pest i)roblenis 

-Io(a tor am t'sihilatetl 70 rill- PrssIre frori I)(sts SLICh aS bian lhrough hiologitail control aid other 
liron Afrit ais, ),1rrias ani IIarita iris weevils atl rieiatoles (whitM at- lractical ieans, thFiat ci lie sus
are ( ilnlill mantifferent tack the steni ani roots, resp)e(- tainecl within the tlynamics of the 
;ays a' t,ltlle Io(ls, t(rlliposi g lively) has act onipanien inmtersifietl ecosysteli. 
iiore than FI0' of their carhoiiy- i)ro(tILI tiori. As a first step, ITA hegari by in
(t ate ita ke. Il lhe u idith tr())its To fatliori ile liverse eriviron- vestigatirig the e\tent antI ecoriomric 
at ross the coritinrent, they are iienta changes that iiipact the iripact of Alusa pests ann dIiseases. 
FIFlarte(lI Iy Ihor nst everyolne ilr vii- health of piltai in antI hanana crops For East Africa, surveys were 
a1ges, tos\ils, eVenI urhall periplier- in sub-Sahiaran Africa, IITA began coripleteh in 1993 ini Uganda to 

ies--in bat kyar(I gar
dens or fiel( ilaita- Bananas are the dominant crop inthe farmers' lives and landscape inthe highlands of Uganda. 
tion'i (f L)to I iett
ar'e in area, iostly 
together vvith other 

earlieti d()()(I"eer (Ionesti- a( oLiII when the ri(,(I for (ash earlier work on pest prolilens hal 

foo l (rop~s. , - ... , .i 

Froi anri ecornlic ,.. 
antI environnienta I :" 
i)oint of view, plan- . 

tairis arid haiarias are 
vital 1),1rt Of sustair
able croppirng sys
teriis. Plarited on 
highlarndl slopes or 
river tdeltas, they hel p 
irevent soil erosiorn 

anti provitde mudlIh. 
They are also the 
niost econoiical 
sources of lietary 
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Scrop 


Making banana beer: juice from matured, 
green beer cultivars isprocessed by high-
land farmers in East Africa. 

diagnose the pest and disease con-
straints in I)rodLuction 

Thucirrent resear 
an approach tovvart Ithetotal c(o-

l ( is (;'olvin 

>svstei, \1'el ( rops are seeIn in 
the totality of lheir inlterrelaltio 
vith other parts of the ec( oy tei. 
The aim k ai.alvvsi of ( 01stai'Its 

lIand ( thatways to llomdily, theill 
I) Irold( tior ( alnrise to a1nOl)ti-

-.ral, nistajirable hl. 
Plant health resear h in Uganda 

oin Ihighlanrd I)aanas has already 
thro\, 1solle light oil the l)rol)lem 
x(ohl)anyi ng the dc( lines. First ot 
all, Ihe (1OI) has long I)eCn (ltit-
\atdl iia Sustaihable Syslelli ill 
Uganda. Vell-managed stai]ls (aln 
Ie fOlill(I that UV CeI I )) yea'S ill 
age. In traditional banllla-glowing 
arat's, I)rodLu(lion Ias (Ie( lined \\ill-
out (lear canise ; a1t LIIgh i)art o lie 
reason appear s to Ie deteriorating 
soil fertility (trlnil intlnsitied land 
LISe un0(d1gr)ow ilg Ilation hoIn-

Iers), COIoiFi le(II) ill(reas igI 

\veevil and neniatode attacks. IBlack 
sigatoka disease recently arrived in 
Uganda. 

With tradition al landraces in de-
cline, Ugandan farmers have IegUn 
to rleplace thenl wilh newly intro-

r(led types, or sLI( h annoatl .r.oIS 
as (1Ya',VI, s'\V(t I)oalto, aInd 
ilai,/e. Simil<Irly, ill Rvar(la and 
lI~rndi, farnerS Ilave switLheld
 

s e (Ot
their Iarana produic tion
 
from highlani(d landraces to newly
 
inro(L ('d n lti,'ar. 

In some Ireas, decliliing JrodIc
tiol ha, (list ouraged Ugandan farrr
ers frool expending effort ill manag
ing their highland hananas and 
brewing tylpes. 

Iresumahly in response to per
sist ig niarket deniand, cooking ha

iiia)rol(liIon has exl)anded in 
other, unaffected areas and Ihls ex
tended to ne\v areas. The Ugandan 
goei1nenlt is very (oncerned that 
the Ior( es behind lhe decline in tra
dit onal growing areas do not drive 
hanalnas fronl the nie\V areas. 

Uganda ageiida IITA and the 
Ugandan National B:anana Research 

Prograr (UNBRP) hegal collaborat
ing in 1990, \vith Rockefeller Foun
dalioil funding support. The plan 
was to complete a rapid rural ap
praisal of crop health and prodLc
tion conditions as farmers perceive 

of hlighllancl Ilanan</as. Matooke bananas, mature et green, are being peeled for boiling or steaming as the preferred stap food 
Ile East ,\trican stLi- throughout southern Uganda (such as pictured here, at Namulonge) and elsewhere inthe Great Lakes region.\'eys led sinillar \\orlk 

ill \Aest ,-ri( a, oil 

Iowlanld i)rOhLI( tion 
o)f lplanhalns, \vllicll 

hegan in Ghila in 
1991 and Nigeria in 

1994. 
Basic biological 

and ecological re-
Search is l(c(conlflc
nying the diagnostic 
surveys, investigating 

the specific interac
tions an( effects of 
pests an( diseases on b 
plantain arid aniana 
crops. 



NEW MUSA FROM AFRICA 

1ATI10V411",I W 	 (ronee, blOnrlitn[Lral ( rops). ( )nly 
S, 	 l-arihers il tIhe most ( ollle ( l of 

gro\ ljug areas regularly Irct 

CuLIt otrIol-s wVeVl-IIIIIILiral fr l(nn 


1-01) resi.CIs. 
401 7 . The Ill,\-Ugandan team (oif-

XA ele, tdheir diagniostic survey in De
.cember1993. They (collected data 

Oil bllal pests anld diseases frolnl 

24 villages. The resuilts reveal that 
l)anana systems are e\lremely vari
able and comllex. Maps have heel 
CoMnIoserl lrom tthe data on distriblu
tioli and ilipact of banaina Jests, ill-
ClUdling weevils, nelatodes, leaf 
spot diseases, and Fnsariom ,w,,ill. 
Analysis of the ,esuilts a nd conple

imentary studies On station and farms 
continues into 1995. 

The team interviewed farmers to 
discuss r'.su lts emerging from the 
survey. The farmers also conFleted 
a questionnaire aboLut their nanage

nent responses to banana pests and 
diseases as well as their sources and 

Residents of a Rivers State village inNigeria want to know about what ails their plan- treatment or planting material. In 
tain gardens that don't produce as well as hoped. IITA pathologist Friedhelm Gauhl, 1994 the team (ondutel a rapid 
on a diagno tic survey of plantain diseases and pests, peels a piece of corm (under- rural appraisal that (OCLised Oil 

ground stem) to demonstrate weevil damage. farmer selection of Cultivars. 
With the onipletion of the high

them, a diagnostic survey, and re- dytes Santschi) as the main pests, land banana survey in Uganda, new 
search on intervention strategies and without recognizing nematordes and knowledge aboLit the extent and se
technology development. UNBRP diseases as separate causes of de- verity of pest damage to different 
ann IIT-FA were responsible for pest cline. Since most farms had been cultivars ernables IITA to begin de

and disease assessment. UNBRP ln- reduced to less than 1 hectare in velopment of control strategies and 
dertook the identification and area, farners believed that soil and technologies. Survey resLllts Will be 

taxonymy of the bewildering array pest I)robleis worsened under in- interpreted in the context provided 

of CLItivars LInder local names. creasing i)O)ulalion nuimbers. by IITA research in related disci-
The rap~id rLiral appraisal and in- The farmers described the best plines: genetics and breeding, bio

terviews With farmers were con- nanagenienl options available to technology, agronomy, and 
nLucted at 25 sites in southern them as a shift from highland postharvest Uses. 

Uganda during 1991 .They sought landraces, inlcluding cooking ha- The disciplinary research is di

to determine farmers' perceptions of nanas, to introduced types or to an- rected toward the development of 
banana l)rodLCtion constraints and nual food crops. The newer cLilti- sustainable systems of plantain and 

nanageneilt opttions. vars, including beer bananas, banana production annd Use. The 
Farmers uiiniversally identified seemed to tolerate soil and pest ultimate vision is a crop that resists 

soil problems of declining fertility as problems and require less manage- pests and diseases and is cLiltivated 

their main productionl constraints. ment. With limited cash or labor re- by smallholners, v,,ho Use improved 

They cited banana Weevil and ants sources, most farmers felt con- genotypes and practices to produce 

(the species Ondontomachas troglo- strained to direct theni to cash crops high and stable yields. 
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ZOOMING IN ON BACKYARD RESOURCES 

Satellite Imagery Pinpoints the Potential 
of Inland Valleys 

i)1h ()ul (eveloped 

luiii heglis ( hs, to lionie. Ihat is to characterize and niap
 
the (d5(Isei1 the 1c1(( h) inland valleys and Iheir
 

SOn110ielt the 01 a I)r(h- a niethodology N G E R 

lr'ow iore 

to(ld in\\'.4I and ( ,ntral Aflri(,. Al- adjaceiiT l)lalds, a(uord
th()Onh 1110uil (0f IWarahl land is ing t
10anId Use, Iased on
 
alreadv ( ulti\ated ahnd water ie- rellote Selsing olata.
 
,,1_irc(s"arW (1.( ,t()r tIdigh-rol n
e, I,'Alh t uoLi ;Satellite 
aild savalla'l area 'lJll niages troni the Alercan NATITINGOU:0m, 


Llld(1r('\)liit'el in armiwr,' "),i( Land (Jhservation Satellitek-

1anhe inland vallevs that lie wilh a Themati( Mapper
1w--in 

mo()l~smlall stem.sensor. )Lailsat _FM) and
 
Iland \lles hold a ri h poteln- the French satellite Le PARAKOU
 

for lood i),n(ll I)olti i/oh5 _ lial li ol which agri- syst ile r Iti' ....... ' 

on ILl r r sea rohers hdel ( anl he cie /a)(erre withI a Highi
unle( Cld with the niohl Resolution Visible sensor
kinds of 
te m and valleys here (SPO F-1 IRV) provide the * </..inlhgies. Inl ,, 


refer to the narrow, shallow valleys data tor mapping. The irn- SAVE 
al tie nl)l)er rea(hes of watershleds. ages provide data which 747'51jN wJ 
IITA is stilyi ng inland valleys, corn- -an le interl)retel in terms 2,r2,,s?-E 

prising some 3( million hectares, of crops and other vegeta
wh 1hare spreald across 14 conurt- tion cover, moislure avail- _ .
 
ries in VVest and Central Africa. ability, the physical char- N
 

In inland vllevs, illore water iS acteristics of in land val
availahle anll the soils niore fertile leys, the roads and settle
1han inthe upinlandrls hordering theni. menls that may exist, _,_ 

Tllose (onditions are favorahle for anong other featnres. IITA 
intensive (roling.The potenlial of researchers verify the data 'Egn2•• AEZ2 

inllnd valleys for I)roldcltion gains through systeniatic checks AEZ 7 2 .... G..
 

is espe(ially great in the moist sa- on the grounnrd, or "ground- E ou, , I "no
 

valnlla zone, \where most West anr1d trthilig."
 
Central African watersheds hegin, IITA's concepts and The Landsat TM image outlined on the map extends
 
anl where the o)a(h en~vironmient techniues are facilitating across 3.12 million hectares of (inwest-to-east order) 
Call Sulpport only one crop each the research activities of Togo, Benin, and Nigeria. It includes 2 agroecoogical 
year. the miain international and zones, as marked on the map: moist savanna (southern 

Lald rise is key in identifying ar- national institutions inter- Guinea type; soils are luvisols) and derived savanna 
eas of research concern. IITA has West and Central (or forest-savanna transition zone; also luvisols). ested ini 
2)-t
 



Inland valley bottoms are highlighted (and uplands blacked 
out) in this Landsat TM image of the framed area inthe 
preceding map. Valley bottomland comprises almost 0.28 
million hectares (90) of the total 3.12 million hectares in 
the frame. Land-use data reveal that only 8%of those val-
ley bottoms isbeing cultivated which testifies to the great 
potential for increasing food production in those ecosys-
tems. (The "window" isenlarged in the illustration below.) 

African inlandl valleys. At a ieeting 
in lune 1993, WARDA, France's 
CIRAD, Wageningenigricultural 
University and Winancl Slaring Cen-
ler in the Nelllerlands, and national 
i)rOgranls of iellhl, liurkina Faso, 
C6te (I'lvoire, Ghana, Mali, Nigeria, 
anl Sierra Leone agreccI to( co per-
ate withra[TA in its holis( aorach 

to characterization of inland valleys 
with remote sensing tec(lliques. 

FAO of the United Nations has 
prol)osed extenlding tile work to 
(characterization and c lassificatioii 
of illIald valleys ill Fast Mid Souith
er Africa, LiSillg the lethodology 
that IITA had developed. 

The rest of this article dlescribes 
how IITA's lethodology helps in 
analyzing the prdIlCtion potential 
of inland valleys. 

Broad in area, deep in details It 
became al)parent during the 1980s 
that inland valleys research needed 
the capability to deal with a diverse 
range of critical detail over large 
areas, ilsomething more thani a 
case-by-case approach. 

Yet, the app oach 
han to lead to IJ)rodLic-
tive solutions fOr the 
uniILiue teatlres Or 
(hara(:terist ics of each 
inlIan11d valley. Very 
fe\v of them are alike, 
in teris of soil fertil-
ity, \vater availalility, 
or Io(al cropping ,ys-

tenis. Reqearch in any 

one valley is not likely 
to IrocILIce results 
which would )e valid 

for another. 
To enal)le research 

results to be eff(ec-
tively appliel in a 
range of cliffererlt val-


e of dier val-
leys, researchers have 
to caPture those cliffer-
ences ina coliion 
frame of referene-a 
set of characteristics 

broad enlOigh to clescribe the (liver-
sity of features to be foLind amllOng 
them all. Once characterization is 
accurate and (omplele, )roblems 

RESOURCE MANAGEMENT
 

for research caii I1e cletiiied i1 \ways 
that are amenale to analysis ann 
action. 

Several I)ra:tic-al uolnsi(Ierations 
guidned dc isibs al)Ol hOw to pro
cee(I \vitih valley (:ha racterization. 
First, the technology for mllapping 
needed 1i0 cover a vast area with a 
consistent set of details, to include 
measurenients of the valley hottoms 
animstrealls, aIld to show the recent 
statns Of roadways and settlements. 
Existing maps, based on topographi
cal nieasu remlents and aerial pi)e
tography, were inaldeliale and oLt 
of (late. 

Se(olld, the researchers' ail to 
help farners exploit the valleys also 
gcicle(l their job of claraoerization.
 

The i jobo charaerti on. 
They needed to rdiscoverlhe reasons 
hehind intensive develotment in the 
most I)rcIrluctiVe valleys. To do so, 
they had to exanine land Lse across 
the landscape: valley hottoms, 
slopes and fringes, and Uplands. 

Fortunately, satellite imagery en
ahled researchers to study inland 
valleys on a continental scale and in 

A window from the Level IIimage (see above) isenlarged to show land-use classes within 
this area of nearly 50,000 hectares. The characterization reveals that cultivation (ingrey, 
white, and cyan/blue areas) increases with proximity to settlements and roads (in tan and 

navy-blue color-coded areas). (The window here isenlarged inthe next image, overleaf.) 
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1 

A window of 3,370 hectares, from the Level IIimage (overleaf), isenlarged to show a total 
330 hectares of valley bottoinland and 612 hectares of valley fringes; while uplands have 
been masked. 

Acircle (lower right) within this enlargement represents the area around ground-truth 
site no. 68 which appears in the photographs at right. The white areas inside the circle 
represent dense cultivation (currently barren because of the dry season), which appear in 
the upper photo of the valley fringes. The magenta/red color within the circle represents 
grassy uncultivated areas that appear in the lower photo of the valley bottom. Partially cul-
tivated areas in the picture show up as yellow inthe satellite image. 

1 

S m a u a 

7 Sn f la f 

10n Signii ,graphs), 

Sn in 

14 Bers 
5 Roa 

a rapid time fraile. Without the aid 
of satellites, the pro(cess of 01o pil
ing stIch m1)S would have been ex
remely difficUlt, costly, aln(t time

conStInhing. 
Each l[anIsat fraIe captnures 

.12 million hec(tares (about the size 
of BelgiuIn). Each SPOT-HIRV frane 
covers 0.36 miIllion hectares. (Three 
of then woulnd cover Jarmaica.) Sat
ellite inages are conposed of t)ix
els, each of which reflects an area of 
0.09) hectare (30 x !30 meters) in a 
Landsat TM image, or from 0.01 to 
0.04 hectare (10 x 10 to 20 x 20 
meters) in a SP)OT-HRV image. A
 
single Landsat TM frame cc ii. ins
 

230 million pixels.
I TA characterization methods 

call for reprodlucing the imagery at 3 
(lifferent levels of magnification: 

I[EV'E[ I ( RAG-RI c( IL()GcIAL ZONES
 

- maps on a continental or
 
"macro-" scale of, typically,
 
1:5,000,000 or greater. (See the 
general ecoregional map, page 5.) 
• LEVL It, iOREGIONAL \EAS 
maps on a "mleso-" scale (ranging
 
from I:100,000 to 1:250,000),
 

which permits discrimination of 
some important prodUction-related
factors: land-Use patterns, socioeco
nolic conditions (settlenent pat
terns and roads), valley morphology
(shape, size, slope), watershed fea
tures. To study characteristics at this 
scale, high-resolultion (down to 
20x20 meters) satellite images are 
useful. (See the 3 Level-It images, 
overleaf and at right.) 
0 LEVEL III FOR RESFARCI I SITES - maps 
at "micro-" scales of 1:50,000 or 
less (on the order of aerial photo

for identification of re
sources which relate to dry-season
cropping. Very high resolution (be
low 20 x 20 meters) satellite images 
are appropriate at this scale. 

For regional study IITA research
classified the satellite images in 

scheme of 16 categories of land 
use in valley bottons and fringes,
uplands, and other areas. (See the 3 
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valleys and the Condiitions vital for
agriCultuld produLI6on 

E Resear(hers (an, in areas with 
chara(teristcs that mark specific 
stages or types ot agricultural devel
opment, take l)enchmarl, Measure
ments \vhih help them assess the 
Usefulness of new technologies in 
those particular areas, or how the 
technologies might be further 
adapted to make them useful. The 
results of henchmark-area researchGround-truth site no. 68 The lower photograph shows the inland valley bottom and, be-

yond it, part of its northern fringe. The upper picture shows the northern fringe at close can indicate the suitability of differ
range. (The photographer's direction in each case isdenoted by the arrows inside the circle ent technologies for farmers in other 
inthe satellite image, at left.) The grassy field in the lower photo istypical of uncultivated inland valleys that share similar 
valley bottomland inthe entire area of the Level IIsatellite frame under study. The northern characteristics. 
fringe in the upper photo shows desiccated farmlands during the dry season. iDuring 1994, IITA researchers 

team, up With ILRI livestock spe
cialists and WARDA rice scientists 

Q to establish benchmark sites in Ni
geria for multidisciplinary work in 
technology testing over the next sev
eral years. 

IITA researchers established the 
availability of vast percentages of 
uncultivated inland valleys. For ex
anple, only 8%, of all the valley

6 bottom areas (280,000 hectares) 

shown in the first image (p. 25) has 
been cultivated. 

Almost all this area can be ex
ploited for cultivation if appropriate 

images with acconpanying legend In ground-truthing, researchers low-input technologies are devel

in these pages.) The percentage of take readings of geographical posi- oped for water control. At the same 

land cover afforded by 10 different tion (latitude and longitudie) from time, environmental concerns about 

categories-including vegetation the satellite-based Global Position- biodiversity conservation and about 

such as trees, shrubs, grass, crops- ing System, in order to methane emission from cultivated 

were also established for each land "georeference" their satellite data wetlands must be addressed, in or

use class, with precise geographic coordi- der to balance people's needs for 

Researchers check the details of nates. Wherever available, conven- food with quality of life. 

inage-based characterization during tional (topographical) maps of the Realtime satellite images are cur

ground-truth missions, to a ranlorn particular area can also supplement rently used in sonie valley studies to 

selection of sites within the satellite the data with observed detail. gain an idea of the dry-season po

picture. They correlate the data with tential in the particular case. IITA 

their observations on land use, Current state IITA anti collaborat- researchers are exploring possibili

canopy cover, width of valley bot- ing scientists have used their meth- ties for upland crops to be grown in 

toms and fringes, volume of the odology to produce maps at re- inland valley bottoms during the dry 

stream flow, and local water control gional (Level II)scale and identify season, when inland valley bottoms 

systems. They record information on promising areas for "benchmark" may be the only places with enough 

cropping patterns, habitation and research. (See following article, moisture to support crops. 

roadways, and dry-season moisture from page 28.) Of greatest interest 
availability, which may also come to the researchers, the characteris
from interviews with local residents. tics on the maps describe the inland 
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New Research Partnership in the
 
Moist Savanna
 

kiiMaize niarkts t1onied Nigeria 
(lIrinlg the 198(, .1'. ,irMe'S in the 

Ill()ist aa\mil1 0C1one hold(1(()t 
IH,A-illrpn'e(I \ rietie' andoferfil-
izefr aill fllultil)liCd their \iel(s. lhe 
liz, l)(,oinl relliz e, the dreamns of 
he or( )f) Ih'e(tlr -- l )W it is the 

Iiril (i lorunnllils to e\amlille the 
L11h1-,)ility f i 0hno(1non. 

I low have tarulers initenlsified their 
(cr)p r(icL( lioni' \'Vliat imro)(ve-

Ie1(11S ill 1RI()ur( e Illallagelenlt 
Itehniques w u('ld help theml miake it 
susla i nailelt,?sandy 

o investigate Ihese quesLions, 
early in the I ()(s I-I A ftocused on 
the potential for crop in(reases in 
the northern part of the moist sa-
vanna zone, known as the northern 
Guinea savallnlla. Conditions there 

are good for cereals and other me-
iLlIll-duration annu1al c'rops. The 

anLIll growing )eriod lasts froni 3 
to 6 months. Arnnial raintall ranges 
twinl 9/10 to 1,3( illillimeters. Solar 
radiation is falvorable for (ereals, at 
n1o1t lhal 5 I Caores per S(ILWI 
(entiineter daily, on average; while 
the (ool ilighttilme Itel)e'ratuIresl, 

help niaize, for e\alllele, to (oil-
seTrve elergy by -(ecl(-ilg respiratioll 
rates. 

Savanna soils are, however, 
and contain little organic 

matter or nLitrielS SuchI as nitrogen 

and phosplhorous. 1hey compact 
easily and form crLsts, so that rainl-
water ro noft erOrles the face of every 
slope, 

As farmiers try to coax ever nore 

crops froni the soil, deficiencies of 
potassinlI, sulIfir, and zinc are 
likely to O(cUr. Without fallows to 
restore organi( Matter alld tplant nl
trienlts, soil fertility declines. W ith 
the l,11nd tinrier ultllCtilg I)reSSUre, 
the parasilin weed Slrh a heron
fhic inva(les solrghulll and laiZe 

fields to dlevastating effect. 
IITA has started with several Col

la)orators to test lew technologies 
in two large areas of the northern 
(0 ihitea savanna. The work involves 
farmiers ilore extensively than ever 
tietore, ill assessing the LISeuhless of 

technologies to meet their needs for 
niodernized agricLiture. 

Interaction with farmers in large
s(:ale testing, over tlie next few 
years, isexpected to ellhance the 

scroening aunt re-
Small avanna farms have profited from the maize boom, but researchers are concerned that production 	 finemenit of ed

noloient epractices may imperil the resource base. _nologies, and re-

A (mice lead limes in 
adapting tteni to 

Ospecific farring 
conditions. It should 
also enable nationlal 
collaborators to ex
parnd research rela
tiorns with farmlers. 

Ultiliately, in
volvenent of farml
ers will ensure the 
usefulness of the re
suIts and help ce
nient their conilit-
Iniet il tile quest 
for sLstainal)le pro
odoction systems. 
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I i l e\isIlig plt)ls. lBoth 

(,\i( \ l isdIriv'lig 

grow\lh ilaknlhov 

" . Ipla bearing\'-have <i 
- ..... oil lhw sele( lioll of 

f le',.1111ology thatt "e 

would( enhance the 
growth process. 

Technology needs 
are fu rtlher ditterenlti
aled by Ihe ralge of 
prevailing ibhysical and 
ecoloml)ic (oncl
itions. 
Benchnark areas have 
to be able to I)[ovide 
clear evidence for suc
cess in technology de-

IITA and ILRI velopnent\\whic hresearchers discuss with Bauchi farmers what the community would gain by participating in 
the technology trlals. new crop varieties and 

farming practices 
Benchnarks With an agenda of crease production, depending oil would work to iliprove farnlpro
technologi(al developnent, re- soil and other biophysical condi- (Iuctivity, and under what concti
searchers need to work with farmers tions. tions. 
to take benichmark neasirenlents, The areas for benchniark re- Two l)enchnlark blocks were 
for tracking inlprovemients in the search are large enough (10,000 to chosen in different states: one in 
t)rodurlcltivity of ter h nologies being 20,000 scIqare kilometers) to cap- BaLch i, the other in Kadnna. IITA 
tested. Ii199)4 IITA designated two ture the diversity in characteristics, coniduced both rapid and )eriodic 
"benchnark areas" in the northern both biophysical and socioeco- surveys of farmers' resource flows ill 
Guinea savanna with the character- nolic, that typify a region or part of the BaLIchi and Kadluna blocks diur
istic physical and ecoinonlic features it. The farming systens, constraints, ing 1994, with help from WARDA 
Of the region's agricLiuiral environ- and oI)l)ortunities ill and ICRAFeach bench- on special topics. The 
nents. In those two areas, all parties nark area have been clearly defined ain was to collect baseline data fo. 
with an interest ilthe prohlenls- in a characterization exercise, so Use illplanning technology testing 
incluling researchers, levelolment that research results Call be applied at farm level and, in future, to assess 
agencies, anld fariers-began to later in similar areas targeted for cle- the impact of technologies (level
adapt IIT\ technologies to the reali- velopment. oped for those areas. 
ties of the faIrm landscape. IITA distinguishes two nain 

In the real conditions of bIench- drives behind agricultural growth: Bauchi In Bauchi, in north-central 
nark areas, researchers can work either a ppIIllatioll ")ush" or a miar- Nigeria, poor soil I)rodLIctivity and 

oult hypotheses ti help them deter- ket "pull". In "pI)Ilation-drivei" poor road access to markets lead to 
nine what technology can work areas, the need to feed nore mouLhs relatively high prices for inpLts and 
where, and Under what conditions. )rods farners to increase their pro- low prices for the resulting harvests. 
Hypothetically, for instance, farmers cLuction. In "markel-driven" areas, Growth in agriculture thus tends to 
in areas closest to settlelents, the )ossibilities for selling l)rodclice be driven by i)o)pllation pressure. 
roads, narkets, or farmlands already are attractive enoLigh to enable Three villages illthe 13auchi block 
successfully developed, wouldIbe farmers to increase l)rodulIction. were chosen during 199.3 for bench
nlost likely to intensify their t)roLIdu:- Next in importance in the char- nark research inlo i)O)ulaltion
tion in future, using i)urchased acterization isthe way in which driven growth. 
chemicals or labor. Farmers in farmers are increasing their prodluc- IITA had worked in the area 
poorly developed areas would need tion: either by expanding the area since 1989 oi maize and cowpea 
different ty)es of technology to in- they plant or intensifying cullivalion farnling systems and postharvest 
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technologies, collahorating at vari-
OLIS tilies \With the Institute for Agri
cutUral Resear(h of Ahmadu Beloe

3auchi
University, Zaria and the 

State Agri( Ltural Development 
Project. Ii one of the villages, 
Bajama, IITA hegan postharvest re
search in I992 with the SLipport ot a 
local NGO, the Kunsunok Commu
nity Development Association. 
Since 1994, ICRAF has worked with 
IITA to assess the needs for multi
pLirpose trees in the area. 

Each BaLichi rarmer or farrn 
worker has to prod ce, on average, 
enough food to supl)ort 2 people, 
on aplro\imately 0.8 hectare of 
land. Wonlen farniers generally 
have one-third to one-half less farm
land than men have. -The subsis-
tence character of life in Bauclhi is 
revealed in the high prolportion 
(90/%) of their harvest which farm 
failies consumne. 

Familyo sze aves t 
Family size averages more than 

9 people, varying froni over 6 to 13. 
The wide difference in farm labor 
available to each family will irnflu-
ence the technology options to be 
developed for the various ' Illage 

sites. 
So great isthe pressure on the 

land in Bauchi, that only 15% of the 
cultivated fields has ever been fal
lowed. At the same time, less than 
5% of the fields is manured. Har-
vested crops are entirely ren-oved 
from the fields for threshing, in the 
traditional way. No residues are 
plowed back or returned as nLulch , 
except in household gardens. Soil 
nutrients are thus exported and not 
replaced through fallows or manure. 
So, soil fertility inexorably declines, 
shrinking harvests. 

To coLinter this decline, IITA be
ganl testing inl)roved ways of rotat-
ing and intercropping grain le
gumes, such as cowpea, soybean, 
and grouindnuit, with cereals during 
1994, as one type of solution in the," 
Bauchi block. Screening of herba
ceous legumes continued, while 

Here inBauchi, innovative equipment creates opportunities for men and women to share 
farm chores. 

TOP: The men's knapsack will release its burden of ripe maize, after a tug on the ties 
at the bottom. The woman's apron can hold 20 kilograms or more, was tailored locally at 
low cost, and ispopular with men, tool IITA introduced the cart-and-digger combination 
(handle detaches from barrow to expose rake-like tines that help dig up root crops) in
1991 with Ford Foundation support, and it still isgoing stron 

BOTTOM: Threshing isno longer a dull or heavy job, with IITA's multi-thresher. Now 
both men and women want to get into the act! Postharvest design engineer Y.W. Jean 
shows how to feed itears of maize to be husked and shelled. Capacity is500 kilograms 
per hour of maize, or lower volumes of grain legumes, rice, or millet, with a 5-horsepower 
diesel or gasoline motor. 
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they are evaluating the economic 
z aspects ot crop processing, espe

cially labor Use and input rosts/ex

penditures, to conlpare efficiency of 
existing methods with proposals for 
new technologies. 

Kaduna In the Kaduna-Zaria sLbre
gion to the west of BIauchi, by con
trast, market forces have promoted 
agricultural intensification. Farmers 
there enjoy better I)enefit/cost ratios 
for two reasons. Appropriate tech
nologies (improved maize varieties 
and nitrogenous fertilizers) are avail
able. Road connections to neighbor
ing villages and proximity to the 

Potential sites for benchmark research in the states of Kaduna, Nigeria; northern Guinea Kaduna state capital provide better 
savanna. (Landsat TM path: 189, row:53; northern portion.) access to markets than in BaLIchi. 

A location to begin market
plans were made to test some legumes require only 6. From 60% driven research was selected in 
agroforestry systems. to 80% of the harvest isground at 1994: the village of Kasuwan 

A special survey of postharvest community Mills, which are mostly Magani. In the selection process this 
activities and eqcuipment in Bauchi motorized. Households have their time, surveys were complemented 
during 1994 revealed that each own mlanual eqUipment to grind by remote sensing applications by 
farmer produces an average of 0.21 small quantities, as needed. the inland valleys research group 
metric ton of cereals and 0. 10 met- In the eyes of IITA postharvest (see preceding story on inland val
ric ton of grain legumes each year. researchers, villagers' needs for irn- leys; and photo, right). The village 
The cereals undergo 10 processing provements are highest for maize, also has the attraction of inland val
stages at most before they are sorghum, cowpea, and groundnut leys which can be cultivated during 
cooked for eating, while grain processing. With the villagers' help wet and dry seasons. 

In Kasuwan 
Cowpea traders flash handfuls of bills on an energetic day inthe marketplace of Kasuwan Magani, puffing Magani, each farmer 
a focus on the way market access stimulates technological changes insavanna farming. has more than 3 con

sumers to feed. The 
average household 
consists of 12 niem
bers, with less than 4 
working farmers. Aver

age farm size ismuch 
larger than in the 
Bauchi block, at 1.5 
hectares, distributed 
over 13 separate plots. 

An idea of produc
tive capacity was 
gained fron surveys in
 
other, similar villages 
inthe nortliern Guinea
 

-_ .savanna. Those Sur
-' .< veys estinmated that 

each farmer produces, 
on average,a harvest
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conrtacls amlong local farniers 

and 11conimiun ities. Another Nige
ian partner, the Minna State
 

Technology University, has 
agree( to start nurseries in 1995, 
for the sul)l)ly of multipurpose 
tree species for trials at both 
3a1chi and Kaduna henchmark 
sites.
 

Among the international cen
ters, WARDA and ILRI joined the 
group during 1994. WARDA re
searchers launcled joint trials 
with farmers while ILRI assessed 
p)ossil)ilities for livestock projects
 
in1995.
 

WARDA teamed up with farm 
families inmaking the selections 
for the reseaicler/faruer-mnan
aged trials of 12 inproved variet
ies of rice. Men and women 
farmers helped select varieties on 
the basis of yield and general 
fieMl womenperformance. Farm 

IITA, ILRI, and national program staff assess prospects for collaboration in Kasuwan Magani. selected some varieties for their 
The inland valley bottomland isalmost lush with plantain, maize, sugarcane and other crops, foord duality, based on cooking 
despite the time of year: dry season, inMarch. and taste tests. 

In these ways, to rlate, re
of 5 metric tons of cereal crops and fields which are otherwise not left to searchers have enlisted farmers in 
0.1 metric ton of grain legumes. fallow, studying how well existing tech-

Kasuwvn Magani shows the es- Greater use of grain legumes or nologies suit the northern Guinea 
sential characteristics of market- cover crops as "fallows," concur- savanna, and whether they should 
driven farm piroduction. Maize and rently with regular farming, might be mordified or new ones designed. 
rice occupy half the planted area, help the farmers of Kasuwan Magani IITA with its partners in bench
while little sorghum is grown. The to boost their harvests. Research mark areas is well-placed to de
enl)llasis reveals that the farmers rluring 1994 included screening of velop technologies for the northern 
grow food crops to sell as well as to leguiinous cover crops to enhance Guinea savanna. Once an idea is 
consune themselves. While they soil fertility. Trials of improved proved in the field to be an effective 
grow a greater variety of crops than maize and cassava varieties also be- solution to a crop prodLuction prob
farmers in Bauchi, they plant fewer gan, and cowpea storage. In 1995, lem, IITA passes the technology to 
crops in each fielrl at a time, aiming IITA will begin to quantify the nitro- other researchers inthe savanna to 
at market sale. Hired hands provide gen contribution of achishuru in adapt to local conrlitions. 
more than half the work reqlired in sustaining soil fertility under inten- In this way the henchmark sites 
all the farm operations. sive cropping. are a focal point for all collaborators 

Prom inenl among the cowpea examining ti field performance of 
types grown is the local variety, Partnership The Karluna State Agri- technologies infarmers' cropping 
achishuru. A cash cron, it is planted cultural Development Project has systens. As the need for adaptation 
early in the rainy season and liar- assisted IITA in most of the activities or modification becones apl)arent, 
vested 2 nonths later, without ap- at Kasuwan Magani. IITA worked each collaborator can contrilbute 
plication of any agrochemicals. Its mainly with the KadLuna ADP inas- according to its specialties. 
prevalence and liming suggests that sessing the several possible sites 
itplays a role in sustaining cultiva- sLIggestedl by remote sensing evi
tion of cereals and other crops in dence (see photo) and in making 
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Natural Technologies for Sustainable
 
Food Production
 
Natural principles for resource man-
agement should be the least costly 
and most reliable means oi helping 
farmers to overcome soil prol)lens 
and increase their harvests. IITA re-
search has tocused oii three systems 

part iullar for the moist savanna 
zone. They provide technologies 
which iprotect the soil against ad-
verse clinlatic coinditions anih in-
crease crop yields. 

In I994 ITA-led research began 
adapting them, together vitlh other 
technologies, for Use in the savanna 
henchmark sites: 

LIVE MIJlCI I SYS IfIS-

low-growiiig cover crops are 
planled to suppress weeds, prevent 
erosion, and fix nitrogen ill the soil 
which nourishes the food crop that 
shares tile sale field. A live IlLichIi 
does not corlpete suLIstaltially with 
the food crop. That allows farnlers 
to iiprove their soils at the same 
tiule that they produce their tradi-
tional crops. 

z 

S i()Rr- RM FA[LLW CRO)S- 
fast-growing herbaceouis legumes 
are planted as ground cover to fix 
large aniouits of soil nitrogen and 
smother aggressive veeds. Some 
need to be growin as sole crops (nl-
like a live mu cli). Somne are relay-
planted wit h foord crops, to mini-
Illize corlpetition (see photo of 
muc-una, overleaf). Sorie erect spe-
ties can be mixed with food crops 
and not jeopardize the harvest. As a 
crop for short-term fallows, they en-
rich the soil with deposits of nitro
gen that can hell) irnprove yields 
during the next season. 

ALLEY CR(iPING (IiFoi}'OW CROIPING)-

nulltil)Lirplose sllrui) or tree legunles 
are planted in rows between food 
crops. The leguminous species add 
nitrogen to tile soil, while leaf litter 
and pruililgs contribute organic 
nlatter. The leaves and tbranches 
also provide fuelwood, livestock 
fodder, and staking material for 
clinlibing plaints. The dense rows 

protect the soil against erosion and 
the crops against foraging livestock. 
Alley croppiun is designed to sLIstain 
crop i)rolictio1I over the long termn, 
especially on sloping land. 

To these ie nologies are adled 
iniproved crop varieties, and crop 
malnagement practices which in
clude measures to p)rotect p lant 
health. They are conlhined selec
tively, for farner-nanaged trials un
der specific conditions illthe hencll
mark sites. 

Mucuna One leguminious cover 
crop has already become poIpular in 
West African countries where it has 
been introduced: "velvet bean" 
(Mucuna pruriens;see photo, 
overleaf), in alternation or relay
planted withimaize. 

In Benin, for exanlple, farmers 
have accepted nlLICLiuna as a short
termi fallow for two reasons. It en
riches exlhauRsted farmlands with ni
trogen witlhin only 1 or 2 seasons of 
planting. Also, its canopy over-

Farmers in the bench
mark research area 
of Kasuwan Magani 
usually remove crop 
residues after harvest
ing and burn the re
mainder. Erosion and 
depleted farmland 
are apparent results 
here. Farmer-re
searcher participatory 
trials need to reverse 
this deteriorating situ
ation with soil-restor
ing systems described 
above. 
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whelms the farners' old enemy
"speargrass" (Imlperat,i cylindrica), 

t)reventing the new shoots of the 
noxiLis weedl from receiving 
enough sunlight to proliferate. 

The effectiveness of niucuna 
Iinges on particular conditions and 
interactions in the soil. IITA is inves-
ligaling how mucU~na becomes es-
tablished in inhospitable soils and 
how it contributes its nitrogen. This 
research explores new territory. The 
results should help inreinvigorating 
St)Ht soils in the West African sa-
vanna. 

Another valuable lesson for re-
searchers froni Benin's rapid adop-

tion of niucuna lies in the farniers' 
niotivation. Farniers were willing to 
relinquish traditional cropping prac
ices when the rewards froi adopl
ing difeIelrnt practices at)peared to 
be substantial. 

Inthiis case, the rewards did not 
conie iriiediately with tile crop, 
but lay in the proClictivity of subse
riuient food crops. That "delayed" 
reward inlitself shows that farniers 
are ready to take a long-terni view 
of their risks. 

Roots The roots of mucuna, as 
with all leguniinous species, are in
vaded by bacteria in the soil known 
as rhizobia, which infect the roots 
and cause then to form swellings or 
nodules. Successful infection en
ables the nodules to bind, or fix, ni
trogen frorii the aliiospliere and to 
leave it in the soil as nitrogen de
posits when the plant (lies. 

Soil rnicroiologists at IITA have 
suggested that riucuna nodulates 
effe(tively with the slower-growing 
rhizobia of tile genus Bracyrhi
zohium. Faster-growing species of 
the genus Rlizohiuni are able to 
forni Iiodules with niucuna, but they 
are ineffective infixing nitrogen. 

After the right rhizobia have 
been identified, a i)lzzle renains 
UnsolvedI: what allows a nliucuna 
crop inone farnier's field to pro

duce successful nodules with a lot 
of nitrogen, while in another field 

(or another part of the sane farmer's 
field) the nolules on the nIucu na 
roots have little nitrogen to show? 
The specific nature of the relation 
I)etween a rlizo)ial strain and a 
mucuna variety needs to be investi-
gated further, so that scientists can 
help farmers to realize benefits from 
effective use of mnicu na. 

Apart from the right rhizobial 

strain, availability of phosphorus in 
the soil also influences how well 
rmucuna nodulates and fixes nitro
gen. Insufficient I)iosli)lorLis limiits 
the plait's ability to inodulate and 
fix nitrogen. 

Where phosplhorus isscarce, 
farmers may be able to rely on an
other microorganism, those fungal 
associates of rhizobia known as ve
sicu lar-arlbuscular mycorrhizae 
(VAM), which can assist the plant to 

A field of "lreen3.old," as farmers in Benin call mucuna. Farmers value its sail-enriching 
benefits and wee -smothering canopy. The rapid, widespread adoption of mucuna in 
Benin puts to rest notions that traditional farmers find itdifficult to change traditional 
practices. 
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take up whatever amOLnts of phos- belefited frol niuc-unia, but which Maize yields ill reased after a 
phorus are available. Again, it is a had received 12(0 kilograms per soybean cro) (see a unllpanviug 
matter of identifying those strains of hectare of iiitrogen fertilizer. chart ) even 1iughl all the harvested 
VAM present in the soil which are A rnllcLuna/maize rotation system soybean plants were removed from 
compatible with the muLcurna. can thus help recILICe farmers' ex- the field to le threshed elsewhere, 

The crux, for the scientist and pendi tures, while enabling them to fol lowing Iotac (LIio11. No soy 
Ultimately for the farmer, is that increase l)rodluct ion on the sale plant residtes were left ah)OVe 
enough of the right strainus of rhizo- plot of land. grond whi(h u(mild have served as 
bia should inhabit the area to be natural fertilizer. The reason why 
)lanited. If the concentration istoo A soy solution In separate work in the soybeal/maize rotation bien
low, it can be raised through inocu- 1993 to test how well soybean efited the maize (rop needs to he 
lation of the mucuna seed with nodulates with the rhizobia which studied. 
rhizol)ial cells before planting. IITA naturally occur ill farmers' fields, The findirligs of nitrogen-from
researchers believe that inoculatiol researchers from IITh and NiFTAL soybean research neeld to be as
iswarranted where the concentra- have shown that it nodulates with sessed with results from work in the 
tion in the soil falls below below 10() cowpea rliizol)ia and that nitrogeii benchmark areas, as well as earlier 
rhizobial cells per gram of soil. accum1ulates in the Lisnal way. The o-farm research, ini order to show 

hiarvests (of IITA-improved soybear) how these findiigs can best lie ap-
Bottom line When mucunia arid were also similar, whether or not plied in relation with existing tech
rhizobia riodulate to best effect, the the seed had been inoculated with niologies. 
farmer can expect to cal)ture from rhizobial spores. 
60 to 200 kilograms of atmospheric The evidernce that the "tro)pical- IITA and its natitral ard iriternia
riitrogen in each hectare. This yield ized" soybean can nodulate i)rorilis- tioial collaborators have created 
conies from iLiuCu.a Ilanrled alone cuously with irndigeIous rhiizol)ia options for savanna farmers to ii
in afield, at 12 weeks after sowing. rouiirds out IITA's pioneering re- prove their soil fertility, while in-

When niucuria is )lanrled to- search of two decades earlier, creasing their food iro(lLctiori. The 
gether or in tarilem with another which adapted soyliear to the farm- available soil-enrichirig technlolo
cro), it grows less prolifically arid irig conditioris of West Africa. While gies, together with other innmovative 
usually fixes atliospheric nitrogen at local rhizobia have evolved to sLrit p)ractices for farriiers in resource arid 
a reduced rate (ahoul 41(V less than cowpea, their efficacy with ira- crop riaiagemerit, need to ibe 
iucuria grown alone, in recenl IITA iroved soybean has been derion- imlerlierinled in sulb-Sahiaran Africa, 

experinerlts). strated. as means to reverse the regional 
In either case, the farmer benefits The research also provMed the trend of declininig growth in food 

from nitrogen deposits which re- opportunity to demornstrate that soy- prodluction. The resuIlts Of adloption 
CdLce his or her rieed to i)lrchiase bean/maize rotation systems are and promise of new findings ensure 
nitrogenous fertilizer. For example, urseful for farmers who can purchase that the twiln effort to improve food 
a maize harvest from a field earlier little fertilizer, if arly. The results security arid sustainr eiviroimerlial 
t)lanted to a niucuna crop was also show that IITA-improved soy- resources will Ibe part of new 
approxiniately the same as that from beari has afavorable impact on the farmer-researcher participatory en
an edquivaleit field which had iot yield of asucceedling niaize crop. deavors. 
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Abundant Future for African Cassava
 
While food shortages in sLIb-Sa-
haran Alri(a regularly capture world 
headllines, [lhe good news is that the 
yields of new varieties of cassava, 
one of the region's main foods, have 
risen in Nigeria at the samie time as 
poput)lations have rapidly increased, 
farming methods intensified, and 
market conditions il)roved. 

IITA scientists expect that the Ni-
gerian experience can in future ibe 
repeated in all cassava-growing ar-
eas of sLI-Saharan Africa-provided 

that conditions are as favorable as 
those in Nigeria, where farming and 
market opportunities have enabled 
farmers to adopt the iniproved tech-
nologies. 

This prognosis for cassava comes 
as the culmination of a (-year sLir-
vey of cassava prod(tion in 15 
coLIntries across sub-Saharan Africa. 
The Collahorative Study of Cassava 
in Africa (COSCA) was organized in 
1988 with funding fromii the 
Rockefeller FOLIundation. COSCA is 

based at liAT, which works in the 
field with CIAT, the Natural Re
sources Institute of the UK, and the 
national programs of each survey 
COLIniry. 

COSCA survey results can sug

gest for us the future of cassava be
cause of their consistency and the 
wide scope of conditions they repre
sent. 

Dynamics The essential fact to un
derstand ahout the dynamics of Afri-

Bundles of cash of
ferings greet itiner
ant cassava traders,
"parcolis," arriving 
in Kinshasa from the 
Bandundu-Kikwit 
region to the east. 
Cassava isno less 
commercial a crop 
than any other, here 
inZaire; a popular 
staple for its protein
rich leaves as well as 
its root flesh. 
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Farmers' use of purchased inputs, 
according to their access to markets 

Motor vehicle On foot 
(anydisiance) tover 10km) 

mlb4 1 

86 9 
Inorganic fertilizer 

41 

Hired labor 

124 

88 9 
Mechanization 

Yes 11to 

can cassava )rodLrction isthat cas
sava iscultivated as a commercial 
cro)p, no longer jLust as a subsistence 
crop. On average, 45'% or a bit less 
than half of avillage's harvest is 
solW, not corsureoned by the grower. 
Farmers Imuy fertilizer and hire labor 
to help then produce cassava, 
mLch1 as they do for other field 
crops. The extent of mechanization 
in transporting the harvest, and pro
cessing it, is as high for cassava as 
for the others, too. 

The consequences of commer
cialization for cassava root yield are 
clearly positive. The more farmers 
use fertilizers for cassava, the grea
ter its average root yield. The same 
holds true for Use of hired labor. 

Farmers' use of iurchased inputs 
such as chemical fertilizer, hired la
bor, and mechanized services ap
pears to increase as the farmers gain 
better access to markets and cash 
returns for their harvests. Hence cas-
sava yields also grow with improve-

ment in farmers' accessiility to 
markets. (See chart at left.) 

Root yields are, therefore, sub-
stantially higher in areas with high 
comniercial opportunities than in 
less commercial areas. 

Farmers in the more conniercial 

areas, however, often follow Iwo 

counterprodul iTe practices that 

work against high yields: 
I. They harvest cassava early for 

sales purposes, before 1h( root has 
reached maxiluml size. 
2. They ;pace the cassava at dlensi
ties which often are above optimal 
for plant growth or yield.

Nonetheless, with all the influ
ences and interactions taken to

gether, farmers with better access to 

markets tend to i)rodUce better 

yields. 

z 

These farmers insouthern Benin, who live close to markets, have not permitted their cas
sava roots to "bulk" or fill out to the maximum extent possible, preferring to plant their crop 
at ahigh density inthe field and to harvest itearly for sale. This pattern istypical of many 
farmers continentwide who enjoy good market access. 
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Malthusian The Malthusian atmoca-
Ilpse is not borne oLut in the COSCA 
andlySiS Or how population pressure 
aetLa llv imal)(ts on (assava yields. 

Population (lenIsityas well as 
Cassava varieties may di her fromn 

fresh roots i)er cultivated hectare. Farmers' adoption of productivity-
Fhe reason why tie gross cas- Famenhanci pr ctiitoenhancing practices, 	according to 

Sava yield stays much the same, demographic pressure 
across areas experiencing ditferentP 
poplulation pressure, becomres clear High Low 
with an uiLnderstanlding Of how farm-HihL 

place )place, )1_tthe cassava yield 
across tle ,u!)-Sa haranii region has 
staye(l at a consistent average level, 
C()SCA has (ak tilated that general 
average to he I1.9 netric tons ot 

ers intensity their use of the land. 
First of all, increases in IOl)Li a

tion density force fa rmers to make 
changes in their l)roduction system. 

They adopt new farning practices inord e r to enla rge 

Mostly light-skinned cassava roots are on display in many Ni- their cassava har
gerian markets, reflecting the growing prevalence of improved, vests from a given 
high-yielding varieties that have spread throughout the country land area. They re
during the past 20 years. place traditional 

piractices wvithi new 
ways which il-
crease their prodLuc-
ti\ity, intensifying 

-- , 	 their systens in a 

niodernization pro
cess. 

i 	 Under pressure 

to feed niore 
nioLitls with each 
harvest, Nigerian 

farniers have CLlr
tailed their practice 
of fallowing fields as 
a measure to restore 
fertility. However, 
they have also taken 
up other, beneficial 

practices-sLIchi as 
grazing of livestock 
and Use of the or-
ganic rnanure SLil)-
ply to fertilize their 
cassava fields, 
Farniers appear to 
rirarnure their cas-
sava fields to a 

greater extent in vil-
lages with high 
i)oh)Llationi density 
than in less popu-
lated villages. (See 
chart, above.) 

Another sign of 
intensified land use 
shows up in the 
practice of burning 

8 2 

92 98Og n c m n rn 

/- - 16 

84 
Livestock grazing 

37 54 

63 46
 
Bush burning
 

Yes E--I No 

stLibhle or fallow growth (the 
"Ibishi") to prepare the land for new 
cultivation. Bush burning is a means 
of clearing land and fertilizing it 
with the residual ashes that declines 
as poptilation density increases, as 
fields are no longer fallowed, anid as 
other signs of agricLIltural interisifi
cation niaterialize. 

Organic nianLuring in itself is not 
enough to raise yields in densely 
populated villages, becaLise of the 
counterproductive plant densities 
and early harvests of cassava which 
are popular with farniers Under the 
pressure to intensity. 

So, while increases in population 
density do not directly raise or 
lower cassava yields, nioaiy other 
changes occur as a result in the cas
sava production system which can 
help to raise yields. 

Showcase COSCA researchers 
view Nigeria as a test case which 



CASSAVA PROSPUCTS 

wAith resistance to) two (evastatinlg
 
Cassava root yield, of local and improved genotypes inNigeria, wieases: Afican assva osaici
 

virs isease and cassava Mosterial
by age of cassava plant 
Root yield (i/ha) blight. By 1974, IITA and Shell Pe
20 troleuni Developnent Co. of Nige

ria [-0. joined forces to enlist farm
17.5 ers to help test the imlproved, high

15.. yielding cassava varieties in their 
15 . - Improved fields. 

Local Nigeria's imF,rove(I cassava can 
12.5 ~be said to date from this lime. Nige

rian breeclers, at their own research 
10 institutes, have since that lime been 

10-12 13-15 16-18 19-21 22-23 alble to select higlh-yielling, pest-
Age range (months) resistant varieties (lapted to local 

growing conditions frorn a range of 
shows that farmers will, when con- available in Nigeria fror the nid- hreeding materials, in ordler to rcc
ditions permit, replace their tradi- 1970s. IITA's philosophy, as es- oninend the best varieties to be re
tional varieties with new, high- poused by S. K. Hahl who devel- leased to farmers through the exten
yielrling varieties that neet their oped most of the intprovel varieties sion system. Many of the inprovedh 
nee(ls. C()SCA cliscovered that being cultivated in Nigeria, was to breeding materials originatel from 
sonie farmers hacl plantedl inilproveh breed varieties which woulh pro- IITA. 
varieties in 90', of the Nigerian SUr- rhuce high yields for ordinary farni- IITA has continued to enrlow 
vey villages, while niany or most ers. They could not afforl to pur- cassava with other desirel features 
farniers were growing tliei in clase mnuci labor, pesticirles, or fer- anl nake new genotypes available 
nearly 60 of the villages. The re- tilizers. IITA's improved varieties to national programs throughout 
sulting increase in the national lar- could therefore approach their full sub-Saharan Africa, from which se
vest froni the greater yield, it has yielMl potential in the existing farni- lections are nade of varieties suit
been calculated, can feel an addi- ing systenis. able for local growing environ
tional 27 million people. In 1971, IITA began to breed nients. IITA breedhers are developing 

High yields are the chief attrac- cassava for high root yield together what sonic have ulibbel the "super 
tion-generally 50% niore, or IITA researchers have developed the so-called "super cassava" with multiples of the normal chro
one anri one-half limes the mosome count, which enhances the possibilities af further genetic improvement of the crop, 
yield of local varieties. The . 
notion of "yield" requires :!s0 
sonie scrutiny iere, however; .. 0 

2whiat market-oriented Nige-
rian farniers like about the irn
provedh varieties is that the 
roots bulk or fill out faster 
thai those of local cassava. 
The inproveh root attains its 
peak weight at arou1nd 15 
nionths after planting, while 
the traditional type can take 
uip to 24 months. (See graph, 

If tinie in the groLndabove.) 
were not important to farniers 
eager to sell their produce, 
they WouId find little to 
choose between the final peak 
weights of the two types. 

Improved cassava became 
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cassava:" varieties with multiples of 
the normal (hromosome cou nt. The 
additional chroimiosones, generated 
l)y crossing regulr ( assava with 
wild species of the plant, enhanrce 
the poss liilities of further genetic 
inIl rovelienI of the crop. 

Oil helped The spread of improved 
varieties thrligouit the country 
since the 1970s was iossible be-

cause of Nigeria's petroleum-)ased 
economy, unqiue among the large 
African coIntries, and its domestic 
stability after the 3-year civil war 
ended in 1970. 

Among the other countries 
which COSC,\ sLIrveyed, COte 
dl'hvoire, Ghana, and Tanzania like-
wise ,njoyed peace and stability at 
the saie lime, tLit were plagued 
with varioLis e(olomic adversities. 

Mechanized grating of cassava enables growers to produce more -ile lorenlost 
of the crop than they did when they depended on manual grating. Probleni was 
Cassava farmers are always limited inwhat they can produce by oor trices tor 
their capacity to process the fresh roots, which spoil soon after their priniary 
harvest. exlports (cocoa, 

coffee, cttoin, 
sisal), which be
gani to slide in 

975. Nigeria, 
onl the other 


ford tocld 
for'd to ilId ill-

terstate high-
ways and ex-
pand higher 
e icationl anrt 
research insitlu-
lions, all of 
whichtll e-
agricultural de-
velolpment' 

Availability 
of petroleLIn 
)rorhucts Lin-
doubtedly pro-
nioted the de-
velopment of 
cassava process-
ing technology 
in Nigeria as 
well. More than 
two-thirds of the 
cassava harvest 
isconsuiledl il 
different pro-
cessed forms, 
which allow the 
staple to be 
stored and 
transported con-
venienitly. For 
examlple, farni

ers in half of Nigeria's (:assava-pro
(IlICing villages have their cassava 
grated by la(hine, a key imlprove
merit in j)roCessilg ri, a po)ular 
form ot cassava meal. By contrast, 
only 1'3', of Ghana ian villages have 
niechanized their grating, while 
none Of the survey villgages in other 
countries have done so. 

Ii 1986, Nigeria's National Seed 
Service began listrilulting imlproved 

Cassava planting nlateridIs. Within 3 
years they had sul)l)lied eniocigh Ira
terials to the state agricultural level
opnenl projects (ADPs) to )lant 

A COSCA cameo 
COSCA conducted three different 
surveys of cassava production and 
processing aspects, from 1989 to 
1992, inWest Africa (inC6te 
d'lvoire, Ghana, Nigeria), Central 
Africa (Zaire), and East Africa 
(Tanzania, Uganda). Together those 
countries produce about two-thirds of 
Africa's cassava and represent the 
range of climatic and economic 
conditions that govern cassava. 

The study was expanded in 1991 
to include another 9countries, whose 
surveys were completed in 1992: 
Liberia and Sierra Leone inWest 
Africa; Cameroon and Congo in 
Central Africa; Kenya, Burundi, and 
Rwanda inEast Africa; and Malawi 
and Zambia inSouthern Africa. In 
each country, one survey embraced 
both production and processing. 

Any study of cassava must focus 
on the climate, population, and 
market system-including facilities 
for transportation (by road, river, 
railway), storage, and processing
of the area being investigated. 
COSCA created its own maps of 
climatic zones, population density, 
and market infrastructure of sub-
Saharan Africa, based on data from 
standard sources. 



CAW AVA POSMMS
 

over 9,000 hectares and support sava varieties, by )L111 fiel(d oper'tlirs. ()thFerIc rzmg their IiR rM 
ADPs in setting Upimore than one- usefulness and availal)ility. stane(s which gave Nigeilan iarm
rluarter million denonstration plots ers their Ol)I)rlriitv musI also ji)ie
of IITA-inpro\ ed (assava. Ready? Nigeria's exlperien(e me extenlt-sur(h as politi-If 	 vail, to sio 

Farmers received ini)roved hol(s for the rest of silI-Sa hara ii Af- cal stabililty, market i ltrast rctlre, 
)lanting inateriaJls iswell from rica, yields of imlproved t aSSav\al V- anid distrihctioll networks that link 
NG()s, suh1 as religious mission1s, rietles cal similIarl rise, even as tarmers witI (onsumers 
UNICEF, andI the Nige, ia Ca_,,Ia.,a tioptIlatis ilt lea!se 11dItllrrerS At ,or st, ylelds need not fall lic-
Growers'Association. Oil comapa- reduce the Iitie they allow their low the preseit average levels. 
ihies helped in the desire to imlprove fields to tallow. Changes takirg place ilfarm corn
lhe welfhare of lo I(A :onmmu it ies in National resear(hIrogranis al- riliities encourage new farming 
areas \where they were extractillg ready e\ist wic(h ian I)rovide for practices which, at the very least, 
aId i)rOcessing )etroleum. Even widles(ale nil It 1)1ication arnd distri- hell) to maiiiltain crrUrrent yields. 
newsplapers involved themselves inl hutiori of planting naterials. How
the p)ro)agaltion of irnl)roved cas- ever, they lack hudgets to scLp)ort 

By overlaying the three maps, researchers could identify zones with
 
conditions optimal for producing cassava. From the zones inthe original 

6COSCA countries, 285 representative production areas were identified
 
and one village ineach was selected randomly. Ineach village, 3
 
smallholder farms (none exceeding 10 hectares) were interviewed, one
 
each according to production level (high,medium, small).
 

Cameroonian researchers interview cassava farmers at Kiribi in1992 for COSCA. 

Z 

All the members of the COSCA
'A 	 study team must feel gratified
that cassavascientists in Africa 

are now aware of the aspira
tions andproblems of cassava 
producers,processors,and 

Vconsumers; and that the scien
., 	 tists areseriously addressing 

those issues. I am convinced 
that cassava's roles-first and 
foremost as a cash crop for 

i producinghouseholds, then as 
low-costrbohydrate 

~source for urban consumers 
, . and as food security in vulner

able areas-willbecome en
hanced. The potentialof the 

crop fo improving the welfare 
ofAfrica's peoples will be real
ized. Felix Nweke, COSCA 
team leader. 

0 
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Tide of Battle Turns Against the Major Mite Pest
 
The year 1994 brought new victo-
ries in the war against cassava's big-
gest remaining pest in Africa, the 
cassava green mite. IITA's biological 
control program confirmed that it 
had established, in West Africa, an-
other Brazilian predator of that 
originally South American pest and 
that the new predator had made re-
markable inroads into the enemy's 
territory. 

The second Typhlodromalus 
mite, T. aripo, joined the ranks of 
mite-eating mites that IITA has es-
tablished in Africa. The first preda-
cious mites to be successfully intro-
dUced in Africa were T. manihoti 
and Neoseiolus idaeus. (See IITA 
Annual Report 1991.) 

T.aripo survived the move from 
a site in its native Brazil to Benin, 
where it became established in the 
field during 1993 after a year's ex-
Iperimentation in rearing the species 
at IITA's Biological Control Center 
for Africa. Its fast takeoff in the field 
reflects precision in species selec-
tion for the African environment in 
which it will perform. 

T.aripoappeared to establish 
itself and start spreading outside of 
Benin just as easily as inside. During 
1994 it was shipped to 8 countries, 
to all the major compass points of 
sub-Saharan Africa. It became estab-
lished at all locations and showed 
signs of spreading within the year. 

In another exciting development 

The cassava green mite (Mononychellus tanajoa) 
causes leaf damage comparable to the effects of 
African cassava mosaic disease, and can reduce crop 
yield by one-third or more in high-yielding varieties, 

Outside Benin during the 
year, T. rnanihoti survived 
in Ghana for the fifth year 
since its release there in 

,May 1990. It had spread 
more than 5 kilometers in 

0 	 all directions from its 
original release field near 
Mankesim, covering an 
area greater than 100 
square kilometers. And in 
fields which the predator 
had colonized, popula-
tions of the cassava green 
mite pest werere reduced 
by about two-thirds. 

Front-runner T. aripo 
has emerged in 1994 as 
the front-running predator 
among the 3 mites im-
ported to fight the cassava 
green mite 
(Mononychellus tanajoa) 
from Brazil. It has shown 
the fastest rate of spread 
from field to field across 

broad areas of Benin. 
During 1994, from its original 

release site to the field where it was 
established, thence to the farthest 
point it was found, T. aripomigrated 
a total distance of 30 kilometers in 
Benin. The cumulative total area of 
all release sites in Benin over which 
it spread is 1,500 square kilometers. 
Its rate of spread within a cassava 
plantation, once it has become es
tablished in a given field, is being 
studied. 

Its efficacy as a predator has also 
been phenomenal. The population 
of cassava green mites in one of the 
release fields crashed by 90%, from 
nearly 100 mites per leaf to less 
than 10, by the end of the year. 

Such efficiency isgood news for 
farmcrs, since damage from the cas
sava green mite generally amounts 
to a 30-50% crop loss; the recorded 
yield loss ranges from 10% to 80%. 

T.aripo has evidently adapted 
itself well to prevailing conditions, 
wherever it has been released in the 
lowland humid and semihumid 
tropics. It inhabits the tips of cassava 
shoots where it is protected from 
extremes of temperature anti humid
ity. In this microenvironment it sur
vived a 6-month dry season with a 
severe cool period (during the "har
mattan") in 1994. 

Making allowance for the occur
rence of settlements and roads, 
which hinder dispersal, the rate that 
T.aripo isspreading across West 
African agroecological zones (from 
humid forest to dry savanna) is cal
culated to range from 2 to 47 years, 
depending on the area of the zones 
of spreading. In each locale, the rate 
of spread will be influenced by the 
number of release sites, the 
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occurence of cassava fields, the 
weather, the density of the 
predator's prey, and many other 
considerations. Wher
ever cassava isan impor
tant crop, the message 
for national programs is 
to make as many re
leases of T.aril)o as they 
can. 

Unique 1ITA's use of 
predatory mites in the 
campaign against the 
cassava green mite is the 
first success of its kind 
anywhere-the first time 
that mites have been es-
tablished in new tropical 
environments, a new 
continent, to conquer a 
mite problem of astaple food crop. 

A few well-known predatory 
mites have been used in temperate 
zones of developed countries, to 
eliminate other mites that destroy 
high-value crops, in special environ-
ments sLIch as greenhouses and or-
chards. But those solutions are not 
lasting. Often the predators must be 
reintroduced, according to the crop 
production cycle, 

The second Typhlodro
malus mite to become 
established inAfrica, T. 
aripo lives inthe grow
ing tips of tke cassava
 
plant (pic'jrrd at left)
 
where it is protected
 
from extremes intem
perature and humidity.
 

Microscopic views 
show T.aripo inits 
habitat inthe shoot tip .. \ \ 
(ot right), and close up 
(below), yet hardly hint
 
at its capacity to put an
 
end to 20 years of dev
astation inAfrica's cas
sava fields by the cas
sava green mite. 

The achievement is 
based on classical prin
ciples of biological control 

that concern the checks and bal-
ances governing ecological stability 
in any environment. If a pest is in- 
troduced into anew environment 
and becomes aproblem, its natural 
enemies can be found in its original 
home and introduced into the new 
environment, to reduce the problem 
to ascale similar to that at the origin, 

From 1984, when work began 
on the problem, IITA's biological 

control program gained
 
agreat deal of knowl
edge about M. tanajoa in
 
Africa, much more than
 
isknown about this mite
 
species in its 
South
 
American home where it
 
isnot aserious pest. That
 
knowledge became the 
basis of a series of 

searches for natural enemies that 
succeeded after trials with some 
Brazilian and Colombian candi
dates. 

The decade of research has been 
repaid beyond straightforward finan
cial calculation: by a permanent so
lution to a devastating problem for 
millions of farmers, who have no 
resources to combat itotherwise. 
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A 

Project 
Postscript 

LEGACY WITH A PROMISING FUTURE 

National Cereals Research and Extension 
in Cameroon 
Fron 1980 uinlil early in 1994, different growing conditions condi- coLIntries with similar agricultural 
Canierooi's National Cereals Re- tions in the country. NCRE pro- needs. 
search and Extension (NCRE) Project duced these new crop varieties and The Cameroonian extension sys
developed 14 improved varieties of saw their impact in farmers' fields teni introduced these new varieties 
maize, 7 of sor Lhure,and 17 of rice, within 14 years, imlportant achieve- of staple crops to farmers. Since 
and an improved local variety of ments that the country has l)een then, the country's agronomic 
millet, suitable for cultivation under able to share with neighhoring research institute (IRA) has been 

Uz 

The lay of the land 

Lying just north of the equator where West and Central 
Africa meet, Cameroon isone of Africa's environmentally 
most diverse countries. The span of agroecological 
conditions ranges from coastal humid forest to semiarid -. ' 
plains, from tropical montane forest and grasslands to X 5 

rugged highlands that reach altitudes of 4,000 meters 
above mean sea level. Annual rainfall ranges from 5,000 ... 
millimeters, inthe coastal forests of the southwest around 
Douala, to 300 millimeters inthe north by Lake Chad. Of 
the country's 12 million people, about three-quarters lives 
on less than one-fifth of the land: inthe coastal lowlands , -

and western highlands. Agriculture employs from 70% to 
90% of the people ineach region, all but afraction being 
small-scale farmers with fewer than 3hectares of land. 

Inthe highlands of North West Province 
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A PROJECT POSTSCRIPT 

responsible for annual seed mainte- as well as 105 technicians in non- by fully trained staff in tunCtional, 
nance and production services, degree courses. They remain the well-eqLlippe(l experinient stations. 

Instep with cereals inprove- heart of the coUntry's cereals re- Sone $3.7 million had been spent 
ment, NCRE strengthened the search establishment. in constru(:ti ng laboratories, offices, 
technical capability of all levels of warehouses, seed-storage cold 
IRA staff, through training on the Goal By 1994, NCRE was winding rooms, and staff housing, to SUL)ple
jol), in short-term courses, and in down, having achieved its prinary ment the IRi\ infrastructure wher
advanced (legree programs abroad, goal of increasing food production, ever re(tuired. Another $2.7 million 
Caneroonian researchers and tech- by enhancing the ability of research had been spent on equipm ent and 
nicians were trained and enjuipped and extension services to develop supplies. 
to develop take arhvantage of new new crop varieties and transniit IITA provided general project 
scientific advances, enabling them them to farmers. managenent with 39 international 
on their own to or arlapt technolo- NCRE spent sorie US$64 million staff menibers (or 150 person-years) 
gies that farmers need in during its 14 years of activity. The utilizing NCRE funds. Technical 
Cameroon's diverse agroe(ological United States Agency for Interna- support in crop research came from 
environrients. tional Development (USAID) gave IITA for maize; IRRI, CIAT,and 

At the start of the project there $35.2 million ingrants (55% of WARDA for rice; and ICRISAT for 
were only 7 cereals researchers in project expennditure) and $3.2 rnil- sorghun and millet. 
Cameroon: 2 with a PhD, 4 with the lion (5%)in loans, while the 
In,enieor aronomedegree, and 1 Canieroonian government provided Focus NCRE focused on breeding, 
with an MSc. NCRE sl)onsored over- the rest ($25.6 million; or 40%). cultivation practices, crop protec
seas training for an additional I I By the project's end, all cereal tion, and economic aspects of pro-
PhD, 29 MSc, and 4 BSc sludents, research Units were being operated diuction of the four cereals. More 

Farmers inCameroon's western highlands await transport for their maize, avariety developed by NCRE for agroecological conditions in 
the midaltitude zone. 

z 

.t



A~O~POSTSCEWT 

than one-half of the research budget 
was devoted to crop breeding. 

The agrononic and economic 
components were integrated in a 
system of liaison units placed in the 
principal zones. The units were re-
sponsible for diagnosing production 
contraints, linking station research-
ers with farmers, and communicat-
ing the researchers' recommencla-
tions to extension agents. They also 
evaluated the impact of extension 
activities. 

Maize is the favorite cereal of 
Cameroonians and the most impor-
tant economically, being cultivated 
on approximately 600,000 hectares 
from which isharvested about I 
million metric tons of grain yearly. 
NCRE created two breeding units in 
1982, to tackle different production 
problems in lowland and highland 
maize-growing areas in the forest, 
savanna, and midaltitudes zones. 

The lowland breeding program 
was based in the capital of 
Yaounde, where it developed 14 
open-pollinated varieties for con-
iercial and subsistence farmers in 
the northern, central, and southern 
parts of the country. Of those variet-
ies, 3 were released in Chlad, and 2 
in the Central African Republic. 

The highland breeding program 
was based at Bambui station in 
North West Province. Although this 
highland savanna country comprises 
only 10% of the land area, it con-
tains about 25% of the population 
which produces 60-70% of 
Cameroon's maize. NCRE devel-
oped 6 varieties for highland condi-
tions and improved another 2 that 
IRA had earlier released. 

High and dry Sorghum anti millet 
are produced mostly in the dry sa-
vanna of the two northernniost 
provinces, where low rainfall se-
verely restricts farming possibilities. 
The most serious constraints for 
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farmers are drought and the para-
sitic weed, Striga hermionthica. 

NCRE developedi and released 7 
sorghum varieties, 2 of which show 
significant resistance to Striga. 
Another isdrought-resistant. A local 
millet variety was improved and re-
leased under the name 
"Gouzouna". 

Rice, while less important in the 
national diet than maize and sor-
ghum, isgrowing in popularity. Lo-
cally adapted varieties are needed 
to compete with imported supplies, 
NCRE based its rice breeding pro-
gram in Dschang, West Province, 
where it developed and released 11 
varieties for irrigated conditions and 
6 for upiand conditions in the forest, 
savanna, and midaltitudes zones. 

These varieties have been 
adopted by the parastatal coopera-
tives which dominate the internal 
rice trade. Grower and consumer 
acceptance has been good and 
NCRE's latest varieties are success-
fully competing with imports in lo-
cal markets. 

Key to success A key to NCRE's 
successful operations were the 4 
Testing and Liaison Units (TLUs), 
one in each of Cameroon's main 
agroclimatic zones. TLU teams of 
econnmists and agronomists worked 
with die local extension service to 
test and recommend iniproved culti-
vation practices to farmers. 

The TLU in the savanna high-
lands of North West Province identi-
fied problems in the predominant 
farming systems based on maize 
and root crops, then developed rec-
ornendations to alleviate them. 

Both the TLU in South West 
Province's forest and highlands, and 
the TLU in the semiarid North Prov-
ince, concentrated on characteriz-
ing the farming systems. They 
sought to improve station research-
ers' understanding of farmers' situa-

tions, so that research could address 
the most important problems. 

The South West TLU also de
vised a market price recording sys
tem, which gave farmers useful in
formation oil crop prices. That en
abled them to plan changes in 
planting and harvesting dates and to 
sell their produce at the best pos
sible prices. 

Evaluation of the benefits of 
NCRE's work was the most difficult 
task for TLUs, because they had no 
means of acquiring reliable prodLuc
tion data on a large scale. Their own 
surveys provided some positive evi
dence, such as the 1992 adoption 
survey by the TLU in Center Prov
ince which found that two-thirds of 
local farmers had grown at least one 
of the new maize varieties. 

Glimpses of the impact of NCRE 
research have also come from other 
official organizations. Cotton-pro
ducing SODECOTON has docu
mented acceptance of NCRE maize 
varieties and recommended prac
tices by 25,000 farmers in North 
Province. Average maize yields in 
that province tripled during the 
1982-1992 decade. 

Results of a 1983-1985 survey in 
North West Province by MIDENO, a 
parastatal development agency, 
show that its contact farmers in
creased maize yields to 3.2 metric 
tons per hectare, from a benchmark 
average of about 1.8 metric tons, 
using an NCRE package of varieties 
and cultivation practices. Another 
survey in 1988 revealed that 46% of 
farmers in the province were using 
NCRE technologies. 

A durable legacy of the project is 
its publications: more than 300 sci
entific papers and 700 extension 
bulletins and leaflets. They form a 
record of NCRE work for the benefit 
of researchers in Cameroon and 
neighboring countries that face simi
lar problems. 
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FOR THE RECORD 

Major resource allocations 15 

1994 
4.1% Cowpe&Soybean


2.6% ' 

ResearchSupport8.1% Plantain 


Mv:ze 5.1 %RootsTubers 
T4.0% &Banana 

InternatinalI
 
PlantHenlthMonagement -48
15.9% npifn 

3.6% Informaton Services 

3.7% Training&Crop 13.3%- --ResourceManagement 

Administration 20.9% 39 ercnin1&Operations ---

1993 3.1% Cowpeo&Soybean 
Maize2.5% 4.0% Roots&Tubers 

Research 7.9% &BananaSupport 1.5% Plantain 
International
 

Plant Management 5.2% InfoperaionS
Health 16.7%-
3.4% Information 5Services 

- 4.0% Training 

ResourceManagement&Crop 14.4% 

13.9% Depreciaon 

Administration -__m__l_.__&Operaions 23.4% 

NOTE: 0 

The core budget isused to fund those research-related activities essential inmeeting the CGIAR 1990 '93 '94objectives for developing countries. '91'92 
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IITA ASSETS 1994 1993 
Statement of Financial Current assets 

Position Cash and cash equivalents 24,516 14,735 

31 December 1994 Accounts receivable: 
Expressed inUIS$thousands Donors 2,352 5,428 

Others 1,390 1,052 
Inventories .. 1,135 1,125 
Prepaid expenses .91 265..3 

Total current assets 30,474 23,538 

Fixed assets 
Property, plantand equipment 0 65,111 62,817 
Less: accumulated depreciation 35,181 32,736 

Total fixed assets-net 29,930 30,081 

Total assets 60,404 53,619 

LIABILITIES AND FUND BALANCES 

Current liabilities 
Accounts payable and other liabilities 4,123 4,529 
Accrued salaries and benefits 5,019 3,975 
Payments inadvance-donors 8,937 4,863 

Total current liabilities 18,079 13,367 

Net assets* 
Capital invested infixed assets 29,930 30,081 
Capital fund 4,796 4,530 
Operating fund. 7,599 5,641 

Total net assets 42,325 .. 40,252 

Total liabilities and net assets 60,404 53,619 

IITA , REVENUE .1994 1993 

Statement of Activity Grants 31,569 34,086 

3.1 December 1994 Investment income . 652 323 
Expressed in UJS$hobands 

Total revenue32214,0 

EXPENSES 

Research programs 191620, 22,763 
Conferences and training 2,303 2,114 

Information services 778 754 
General administration 2,116 3,088 
General operations 
Depreciation -3,017 

2,429 2,710
2,991 

Total expenses 30,263 34,420 

Excess of revenue over, expenses 1,958) 11 

32_________221___________34,409_______________ 



Cash flows 6rm operating activities 14193Statement of Cash 
~Excess l revenue over expenses . .1,958 (H) Flows 
Adjustments to reconcile net cash 31 December 1994 

Provided by operating activities: 
Depreciation 
Gainon disposal of assets 

Decrease (increase) inassets: 
Accounts receivable-donors 

3,017 
115 

3,076 . 

2,991 
116 

1,465 

Expressed inUS$ thousands 

' -. " 
Accounts receivable-ohers (338) *490 

* 

Prepaid expenses 
Otherassets -125 

Increase (decrease) inliabilities 
Accounts payable and other liabilities 
Accrued salaries and benefits 
Payments inadvance-donors 

j 8) 

j406) 
1,044 
4,074 

(192)
13 

469 
500 

(2,9571 

Total adjustments 20689,811 

7 Net cash provided by operating activities 
Cash flow used ininvestment activities: 

Acquisition of fixed assets: 

12,647 

12,866) 

2,800 

12,128) 
9,781 672 

Net increase incash and cash equivalents 
Cash and cash equivalents: End of year 

Beginning of year 
24,516 
14,735 

14,735 
14,063 

Increase inthe year 9,781 672 

r 

DONORSiI~i:. i .. < '':..:1 . - : 

Austria 
Belgium
BMZIGermany)l 
Canada 
China 
Commission of the European Communities 
Denmark . 
Ford Foundation 
France 
Gatsby Charitable Foundation 
India . . . 

International Centre for Research 'inAgroforestry 
International Development Research Centre 
International Fund for Agricultural Development 

i,nternational Institute of Biological Control 
aly-

Japan 
Korea, Republic of 
Netherlands 
Nigeria 

. 

. 

. 

Core Complementary•Funding .Project F ndingFunin Project Funding ".. 
150 .214. 

1,340 . 170 
1,120 597 
1,196 " 124 

10 
229 243 
644 152 

- 3 
322 88 

65 
25 -
- 90 

. - 760 
62 

- 473 
300 294 

3,778 -
50 

.1,121 59 
23 -. 

IITA
Donors 1994 .. .: 
Expressed inUS$ thousands 

-

Overseas Development Administration (UK) 
Rockefeller Foundation 
Sasakawa Foundation 
Sweden r 

Switzerland 
United Kingdom 
United Nations Development Programme 
United States Agency for International Development

~Universiyof Hohenheim ' 

World Bank .5,365 

-
-
-

253 
637 
614 

-
3,745 

-

14 
320 

70 

'.371 

1,827 
3,404 

116 

" 

Other Miscellaneous Contributions -159 

Closed Projects -81 

~~TOTAL 21,813 9,1756 

. .49 .. . . 
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~FORTHE RECORD, 

L Inventory of Research Proiects 
Project title .i Funding Cooperaing Location DuralionSources Institutions 

Crop Improvement Division 
GRAIN LEGUMES ". 

Cowpea improvement for cereal-based cropping systems of, core, 
4 

LR, NRA,INAN, ABU,ICRISAT,var. sites, W&C Africa, continuous
northern Guinea savanna, Sudan savanna, and Sahel JIRCAS, long Ashton, Vso, Nigeria, Benin, 

ODA Reading, JIRCAS UK,Japan'.U 

LCowpeo improvement for.road-based adaptation to the tropics core NARSinW&C Africa, 'va.sites, W&C Africa, continuous 
.....-......... s -- kA~"'........16i'A~ic, 

Nonconventional breeding for insect resistance "core - Nigeria 1994-
Cowpea international trials core N,S Africa, Asia, Africa Asia, john America continuous 

- Latin America , 

Nationally coordinated research on cowpeas - Nigeria . Nigeria.AR . 1975-
Soybean utilization for West Africa (Phase 111) , - UNN, NAERS, NigeriaIDRC AR&T, NCRI - 1994-1998*Dissemination of soybean utilization and impact assessment*Dissemination of soyban processing and utilization technologies. IDRC FI, (BSAfAST Ghana, C6te d'Ivolre 1994-1998UNICEF Nigeria 1995 

Soybean improvement for the moist and midaltitude savannas
 
ioSoybean breeding 
.core - var. sites, W&C Africa 1977-Studies on promiscuous nodulation insoybean . NiFTAI/core NiFTA" Nigeria 1992-
Soybean intemational trials . ' Core var. sites, Africa 1979-
Nationally coordinated research on soybean " Nigeria NCRI, IAR&T 19801AR, Nigeria 

Development of cowpea and soybean for Ghana 
 CIDA CRI Ghana 1985-1997 

MAIZE 
4::,)::. Maize improvement for the no4ern Guinea savanna ' 41 

*Strigo resistance tAR Nigeria, C6te d'lvolre 

:lntermediae-maturing populations 


core, Winrock IDESSA, . continuous 
core IDESSA Ce d'ivoire continuous

*lnbreds and hybrids . " core Premier Seed, UAC Nigeria. continuous 
: Nirogen-use efficiency core, GTZ UI,UHanover Nigeria, Germany continuous 

Agroecological adaptation
'Reciprocal recurrent selection core LAR&T Nigeria continuous 
Adapation to specific niches-early, ex1roearly, midaltitude, core WEC, iN, UTC Nigeria, C6te d'lvoire continuous 

humid forest 
'Downy mildew resistance core IAR&T,Fed. College of Agric. Nigeria continuous . 

Filtling 'varieties to environments core " ' Nigeria ,, continuous 

Postharvest research 
'Maize quality,and utilization W, UBenin (Nigeria),.core, LAR&T, Nigeria, Mali, Benin continuous 

Guinness IER,Ministiy Rural Dev. 
Nigeria plc 

. Collaboration with NARS:
 
lnternational trials 
 'core, USAJD,WECAMAN,var. NOS Nigeria, Cte dIvolre continuous 

NARS 
.Training -: . core, GtZ, U, U Hanover, . Nigeria, Germany, continuous 

S"wI . ' Morocco, GhanaUHassan 11,UGhana M 

'inks with seed companies, NGos, and NARlSinNigeria core SAA, Nigeria continuous 
ADPs,seed companies 

4- PLANAIN/BANANA 
M4usa breeding
 
*Developing Musa breeding strategy 
 core USDA/AlS, KUL. Nigeria 1992
0Breeding plantains for West and Central Africa core/BADc FHA, CRBP,INISAP, KUL, Cameroon, Nigeria, Uganda,'. 1987-

IRAZ,Nil-ORT, CRI,IDEFOR, Ghana, Gate d'lvoire, Kenya, 
UNBRP, other NARlS Malawi, Burundi, Zanzibar '-ICIPE,

oBreedrg bananas for east and southern Africa core/SD ' NAIS, IRAZ Nigeria, Uganda 1992- " 

'Breeding for resistance/tolerance to biotic and abioic stresses " core USDA/ARS,KUL Nigeria, USA 1987
'Biotechnology for plantain and banana improvement core Nigeria, USA,UBirmingham, USDA/AlS UK 1983-
Postharvest biology and technology ,4


'Postharvest research inMusa ' core N:!: Uganda, Ghana, Nigeria 
 1991
Genotype-by-cropping -system interaction 9 1 

oMusaoriented agronomy -cre wS Nigera '1980
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*Project title ,Funding Cooperating Location Duration 

ROOT AND TUBERCROPS 
Germplasm enhancement of cassava core, CIAT, OtAT,EMBRAA,NARS, Colombia, Brazil, Nigeria, continuous 

DANIDA ANU, RVAU Australia, Denmark 

/tissue culture and past-flask management core NARS Nigeria, var. African countries conlinuous 

Adaptation to lowland agroecologies core NARS var, sites inW&C Africa continuous 

Adaptation to midaltitude agroecologies 
-Development of broad-based segregating populations core, USAJD NARS Nigeria, Uganda 1990

7'1_''-7E-~ninacsaau ato oeBDAFC JIR 3gum,_Nige~i continuou~s 
Collaboration with NARs and ESARC 

uGermplasmdistribution and testing core, USAID NARS, ESARC Nigeria, Uganda, continuous 
*lnternational collaborative..rials var, sites, SSA . 

Iernationalcllaboraive tils core, NARS NWS var. sites, W&C Africa continuous 
#Nationally coordinated research trials on cassava Nigeria NRCRI,NSS Nigeria continuous 

Research and development core, NARS NARS var. sites, W&C Africa continuous 

Germplasm enhancement of yam core NAPS vat. sites, W&C Africa continuous 

Cell/tissue culture and post-flask management core, ODA, Wye College, SARI UK,Ghana, Nigeria continuous 
Italy .,UGhana 1992-1995 

Agroecological adaptation of yam core JARes var. sites, sSA continuous 

BIOTECHNOLOGYRESEARCH 
Nonconventional approaches to crop improvement 
eCowpea plant regeneration and genetic transformation for core/Italy UNaples, Purdue U, Italy, USA 1989
resistance to insects Auburn U 
.Cowpea transformation and development of virus resistance 
-Biotechnology for cowpea improvement 

GCF 
Belgium 

JIC 
Gent U 

UK 
Nigeria 

1994-1996 
1992-1995 

Molecular mapping 
@Genetic map of yams 
*Molecular mapping of Vigna 

"CF 
CF 

JiC 
JIC 

Nigeria 
Nigeria 

1994-1998 
1994-1996 

Molecular diagnostics 
eVarialion Inyam mosaic virus 
eViruses of Dioscorea a!to 

.- CF 
C-CF 

NRI 
" Horticulture Research Intl. 

UK 
UK 

1994-1996 
1994-1996 

*Banana streak virus ' . .F ,1c " UK 1994-1996 

GENETICRESOURCES 

Conserving biodiversily . . " core/lIaly African NARS,IPGR. SSAcountries continuous 

Germplasm characterization, documentation, and distibutian core/Italy PGI Nigeria/Ialy continuous 

Studying genetic diversity . core/Italy Fot Nigeria/Italy continuous 

Plant Health Management Division . 

*Studies on yield formation and interactions between the cassava core - Benin, Nigeria 1982-1994 
plant,it pests, and the climate throughout the entire growth cycle 
OCharacterization of aspects of the biology and key inleractions core, UNDP EMBRAPA, •AT, Benin, Brazil, Central African 1983-1997 
inthe surrounding agroecosystem of M.tanaioa UAmsterdam Republic, Cameroon, Colombia, 

Ghana, Netherlands, Nigeria, 
Rwanda, Senegal, Sierra Leone, 

:Effects of forming practices on the biological control of the core ULeiden, ETHI 
Uganda, Zaire, Zambia, 
Benin, Ghana, Guinea, Kenya, 1988-1995 

cassava mealybug ' Malawi, Tanzania, Zambia 
*Epidemiology of African cassava mosaic virus core, ODA NRi,UReading Nigeria 1992-1994 , I 

*Epidemiology of cassava bacterial blight and its effect on . Z UBenin, UIbdan Benin, Nigeria 1993-1995 
yield in five acroecological zones 
$Genetic, biochemical, and pathological characterization BAZ UGotingen, Benin, Germany, 1993-1995 
of Xanthomonas campestris pv. manihotis strains from Plant Protection Service, Netherlands, France 
5African countries and Latin America Wageningen, ORSTOM,-.. 

r-oMontpellier 
eCollection, characterization, and biological control of root BMZ,UNDP IRA;Ekona, NRCRJ Benin, Cameroon Ghana, 1993-1995 
and stem rot pathogens of cassava Nigeria 

W YAM 
* Biology and control of yam anthracnose core NpI/U Reading Nigeria 1992-1995 

.51 



<iProect title - Funding Cooperating Location Duration 
Sources Institutions 

~MAIZE 
Texas A&M, CABHIE, Benii, C6te d'voire, Ghana,core, FAD iCiPE, 	 1989-1995
*Analysis of the maize ec:osystem with focus on the most 

important lepidopterous pests inAfrica 
.. 

iology and epidemiology of Stigo spp.; development of 
mproved resistance screening techniques; improvement 

of resistance levels; studies on biological control, agents,
develpment of agronomic practices for Striga control; development 

f 	 aoBraunschwelg 
fm izephgenscore


*Biology of leafhopper,,ectors of maize strek virus 

Downy mildew biology and control 

'Ecological studies on the introduced larger grain bIoer inslored 
maize and cassava and inthe surrounding habitats 

Aspergillus flavus prevalence and toxicity pattern 

COWPEA 
0Feasibility study for the introduction of ecologically and 
economically sound pest management strategies adapled to 
subsistence farming systems 
'Studies on virus diseases of cowpea 

*Studies on postharvest insect pests of cowpea 

*Characterization of molar pests and diseases in the 

northern Guinea and Sudan savannas
 
*Screening €owpea varieties for resistance to pathogens 


@Collection and genetic, biochemical, and pathological 
choraclerizalion of Xanthomonos strains, irratonts of cowpea 
bacterial blight and pustule from six African countries 

SOYBEAN 
'Yield loss from frogeye leaf spat on farmers' fields 

*Epidemi01oy and control of red leaf blotch 


*Biology of red leaf blotch 

PLANTAINAND B..ANA 
Biology of Mycosphaerella fiiiensis, causal agent of black 

sigatoka disease 
Studies on virus diseses of plantain 

Jf Screening plantain and cooking banana for resistance 
tblack sigatoka

'Effects of ecological factors and agronomic practices on the pest 

status of black sigatoka, banana weevil, and nemotodes in 
highland bananas and plantain 
'Studies on pastharvest insect pests of maize 

SEEDHEALTH. 
*Development of improved detection methods for 

seedbarne pathogens

'Studies of seedborne microflara of TAmandate crops 

BIOLOGALc~CONTROL 
Mango mealybug
'Biologiccl control of the mango mealybuq bytheintroduced 
parasitod, Gyranusoldea .ebygi:quantification of impact 

indifferent ecological conditions 
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Simon Frazer U, 
. .U Reading, CRSAT, 

NARS,WARDA,CIMMYT 
core, Old Dominion U, 
BZ, UHohenheim, 
USAJD 	 IAR,ABU,CMAT, ICRISAT, 

UNairobi, Dupont Co., 

IRA,IAR&T,NARO 
core 	 NI. 

core, FAQ, 	 IAR&T,ADPs 
CiBA U Maiduguri, UI 

BMZ,DANiDA,INIFAP,CP,CWMYT, BBA,EAP, 
EAP 

WI, BM 

core, SDC 

core 

core 
core 

core 

BWDep. 

core 
coreFAO 

core 

core 

core 
core 

RF BMZ 

core, ODA' 

core 

core 

SDC 

UG6ttingen, UHannover, 

UGhana
 
UBerlin, Ul, 

Fed. UTech. Akure 


EH, ULoval, MADi, 
ABU,IRI,AUW, Purdue U 

AUW,IRA 

Purdue U 
Aku 

INRAN 

Sanidade Vegetal, 
Maputo, INERA,A, ABU, 
oRSio-i UGottingen 

cuso 
UJos, Zambia 
Min:Agrlc., Res. Branch 
UJos 

UMinnesota 
FHLA,NIBAP 

SDCuSCOAT,Agricu-lure 

Canada, ULoyal 

UNB,NRI 

NPOS 

-

ULeiden 

Malawi, Nigeria, Cameroon,
 
Niger, Guinea, Uganda
 

Benin, Burkina Faso, 1989-1995
 
Cameroon, C6e d'iyoire,
 
Nigeria, Togo
 

Cameroon, Nigeria, Uganda 1992-1994
 
Nigeria, Uganda 1989-1995
 
Nigeria 1993-1995
 

Benin, Honduras, Ghana, 1988-1996
 
Mexico 

Benin, Germany, USA, 1992-1995
 
Nigeria
 

Benin, Burkina Faso, 1987-1996
 
Malaysia, Nigeria, Niger
 

Cameroon, Mozambique, 1990-1994
 
Nigeria
 
Nigeria, USA 1990-1995
 
Nigeria 1991-1994
 

Niger 	 1991-1994
 

Benin, Mozambique, Burkina 1993-1995
 
Faso, Niger, Nigeria, Cameroon,
 
France, Germany
 

Nigeria 1994-1995
 
Nigeria, Zambia 1994-1996
 

Nigeria, Zambia 1991-1995
 

Nigeria 	 1991-1994
 

Nigeria, Benin, Ghana 1993-1996
 
Cameroon, Nigeria 1991-1996
 

Benin, Nigera 1 19891995
 

Uganda, Ghana 

Benin, Nigeria, UK 1989-1995
 

Nigeria 	 1994-1996
 

Nigeria 	 1994-1996
 

Benin, Conakry, C6te d'voire 1987-1995
 
Gabon, Ghana Guinea,
 
Nigeria, Sierra Leone .
 
Zaire,Am 
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ect tilelProj 
44444Sources 

Water hyacinth 
i'-':Rearing, release, and monitoring of Neochelinct eichrornice,

I beetle feeding an water hyaLrih 

Biorational control of acridid pests
 
' *joint biological control project agansi lacusts and 


Sgrasshoppers using the fungus M"etarhizium flovoviride 

ological control of spiralling whiteflyo 6lyphogous pesBi n 	 t --

Faunistic and systematic studies 
Development of insect museum to support ecosystems, analysis 

44 < 

Development of national biological control programs 

Resource and Crop Management Division 
IIUMD FORESTZONE 
Characteristics and dynamics of humid forest zone agroecologies 

'Stralegies for humid forest zone development 
*Integrated soil, crop, and vegetation management practices 
for the humid forest zone 

'Management options for the crop and vegetation component 
of production systems 
Sustainable production systems for the humid forest zone 

4 	 "U 

' ZONE .:7'7 
7 

MOIST SAVANNA 7 .<' 

Diagnosis and impact assessment 

'Soil productivity managemenl 


'Vegetation management for plant residue and control 

': 

'Production systems for the moist savanna zone 

'Technology development for hydromorphic soils inthe 
.,,.4
moist savanna zone 

SUPPORTRESEARCH UNITS 

Postharvest Engineering 
N .. r f 

Alley Neork for Tropical Africa (APNETA)'. 
Analytical Services 
Collaborative Study of Cassava inAfrica (COSCA) 

44 

Agroecological Studies 

4 International Cooperation Division 

Development of institutional capacity for research on cereals 
and facilities for transmitting research results to farmers (Phase Ill) 
NCRE:4 

, 

{sAx: Cowpea Research Project: Development of cowpea production
in SAX countries 

1. 

44 
44.4 4*- '

Funding 

Sm 

CIDA,ODA, 
Dors, SDC 

rAO --. 

Austria 

SM!, Austria 

var. 

con ASB 
core 

core 

Cooperating 
Institutions 

CSIRO,IIBC 

Dri'V, ISC, plant

protection services 

of Benin, Niger, Senegal, 
Mali, Burkina Faso, 

- ILBC --..-.... 

iIBC . 

ArIS , 

AS, ASB, Comell U,ics. 
Tiger Project (UK) 

UQueensland . 
ASB, IRA 

NARS, 

IrZAF, iFPRi, ' 

AB,ASB,Cornell U,IC.RA, 
KUL, TSBF,NARS, 
UQueensland, UReading 

Location 

Benin 

Benin, Niger, Mali, UK 
Burkina Faso, Senegal 

n , 

Benin,.Togo, Ghana,.Nigerla-... 

Benin, Cameroon, Nigeria 

25 SSAcountries 

Cameroon, Nigeria 

Cameroon ,, 

Cameroon, Ibadan, 
Onne, W&C Africa 

ICRAF,ItRI,KUI,NARS,Cameroon, Onne, Rokupr, 
Queensland, Sierra Leone 

AB,ASB, 

.Tiger , 
" : . . 

f 
:,. 

core , ATB, NAPS W&C Africa 

.. ..SAANA-ZNEproject, WARDA 

AINETA, LAR, 
core, Belgium AFNETA,IAl,IDESSA, Benin, NigeriaGTZ, V, 
GTZ rU , Michigan State U,Ul 

ItRi,core, AGCD CIRAD, NARS 
DGiS.RSTOM 

;:+7 ' ' 

core , CiAT, aois 
ILRI,NARS,WARDA 
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SSA 
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NRI,SF 
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'USAD IR 

EEC, Angola, Botswana 

" 

IDRCr Aingola, Malawi,1 SARRNET:Development of improved cassava and sweet potato USAID, 

: 

Benin, all MSZ inWest Africa 
Cameroon, C6te dlvoie, 

.Nigeria, Togo lall W Africanmoistlsavanna) ,,Th 

svPnnCaSAi,. 

- . 

(4 

Benin, Ghana, 
Nigeria, Togo 
var. countries inAfrica 
bNASIbodan 
baldan 

SSA 

Cameroon 

I NIA,Lesotho, Mozambique,Namibia, Swaziland, Malawi,. 

Tanzania Zambia Zimbabwe, 

Malawi 
varieties for sustainable production inSouthern Afiica 	 Mozambique, Namiba,4 

4Rwanda,Sudon, Tanzania,44 	 4 

- , Uganda, Zimbabwe4 
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Duration 

199 1-1 99 5 1 

41990-1995 

19941 995.. 

1991-" 

1990-1996 

1994-1998 , 

1994-1998
 
1994-1998
 

1994-1998 

. . .', .. 

1994-1998
 
1994-1998
 

1993-1998 

1993 

1993-1996
 
1993-1996
 
to 1997
 

1992

19861994 i 

1990-1994 . 4 

19931998 

" 	 : . ... " ,,.':<", 

4 4 ,4 44 

.44 	 <*'.4'4i4 444,/<44.44, 
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~FRTHERECORD 

Project title Funding 	 Cooperating Location Duration 
Sources Institutions 

AI1ETA. Applicatins of alley farming as abasis far sustainable 
farming systems -

EARRNET:Development of cassava varieties for sustainable 
rutoinEast Africa 

On-farm adaptive research for cassava, yam, rice, maize, 
cowpeas, and soybean in tropical Africa 

Utilization of cassava flourinbaking bread 

Regional research project on maize and cassava 
". 


CIDA,DANIDA, Burkina Faso, Benin, Nigeria 1989-1996 
IDC, IFAD, 	 Cameroon, C6edvoire, 
.SAJD 	 Ethiopia, Ghana, Guinea, 

Liberia, Mialawi, Nigeria,
Rwanda, Sierra Leone, 
Tanzania, Toga, Uganda, 
Zaire, Zambia 

IDRCUSAD, 	 Burundi, Kenya, Madagascar, Uganda 1993-1995 

,ECBenin, Burkina Faso, 
Cameroon, Chad,Congo, 
C6ed'Ivoire Equatorial,iGuinea, Gambia, Ghana, 

AGCD 

France, 
CGIAR 

Guinea, Guinea Bissau, Mall, 
Nigeria, Sdo Tome &Principe, 
Senegal, Sierra Leone; Toga, 
Zaire 

KUL,RVAU 

Benin, Cameroon, Congo, 
Gabon, Guinea, Nigeria, 
Toga 

II TA improved germplasm releases
 
Counry 	 Crop Breeding line/variety 

Angola 	 Cowpea TVx 3236 

Maize TZMBR-W. 


Belize i' 	Cowpea VITA-3 
Benin Republic Cowpea VITA-4, VITA-5, T8 1D-1 137, T82E-16, T82E-32 

'Cassava TMS 30572, TMS 30572A, TMS 4(2)1425 
Maize TZB-SR, 43-SR, DMR-ESR-W, 30-SR 

9021-18 (Obasuper 1),8644-27 (Oba super 2)
~'Bolivia Cowpea IT82D-442, IT82D-889 

Botswana Cowpear ER-7, T~x 3236 
Brazil Cawpea 4R-0267-01 F,VITA-6; VITA-3, VITA-7, 

,Vx 1836-013J 

Burkina Faso Cowpeo "Bx3236, VITA-7 (KN-1I. 


Maize EV 8422-SR, EV8430-SR, EV 8431-SR 

Burma (owper VITA-4 (Yezin-1) 

Burundi Cassava TMS 40160/3, TMS 40160/1 

Cameroon Cowpea IT8 1D985, IT81D-994, "Bx3236 


Maize TZB-SR, TZPB-SR, TZB derivation, DMR-ESR-Y, 
Cdis.va KasaSR, Suwan -SR, 8321-18, 8556-6 
Cassava TMS 8034, TMS 8017, TMS 8061, TMS 82516 

Central African Cowpoao VITA-I, VITA-4, VITA-5, l/x 1948-01 F,Viia-7 

Republic r .
 

Maize TZSR-W-1 TZSR-y-1 TZB-SR 

Chad Cowpea IT81 D-994 

Calombia Cowpea IT835-841 

Conga Maize 8644-27 

ElSalvador Cowpea Tx 1836-013J VITA'3 VITA-5 

EquadTr Cowpea VIT.3 

Ethiopia Maize Gusau 81 TzB* GusauTZB.SR', 8322-13, 


ICowvpea
Tx 1977-1 D 

Egypt Cowpea lVu 21, T82D 716,1T82D-709 

Fiji Cowpea VITA-], VITA-3 
 *Readin1 

54,I'-.K 

Country 	 Crop 

Gabon 	 Cassava 

Maize 
Gambia Cassava 

Cowpea 
Ghana 	 Cowpea 

Maize 
Cassava 
Soybean 


Guinea 	 Covwpea 

Cassava 
Maize 

Guinea Bissau Cassava 
Guatemaa. Cowpea 
Guyana Cowpea 
Haiti Cowpea 
India Coipeca 

Maize 
Jamaica Cowpea 
Korea Rep of Cowpea 
Korea Rep of Cowpea 
Liberia Cowpea 

Cassava 
Mauritius Maize 

3/4 Cowpea 

Nigeria 	 1990-1994
 

Nigeria 1992-1994
 

Nigeria 1992-1994
 

Breeding line/variety 

ClAM 76-6, ClAM 76-7, ClAM 76-13,
 
ClAM 76-33, TMS 42025, TMS 30555,
 
TMS 30337, TMS 40160, TMS 4(211425
 
TZPB, TZ sweet
 
TMS 60142
 
IT84S-2049 lSoso royal
 
iT82E-16, IT83S-728-13, 1T83S-818,
 
1Wx1843-IC, l~x 272401F, 
1T84S-2049 (Soso Royal
49-SR, Pool 16-SR, 43-SR, QPM Pap63-SR
TMS 30572*, TMS 50395*, TMS 4(2)1425* 
TGx 297-192C, TGx 306-036C, TGx 888-49C, 
TGx 53602D, TGx 297-1OF, TGx 813-6D 
IT85F-867-5 JPkoku1Togbai), 1T85F-2805, 
IT835-990, T83D-340-5, IT81D-897 
!T82E-16, IT875-1463 
TMS 30572 
TZSR-Y-1, EV28-SR, DMR-ESR-Y 
TMS412,1425, TMS 60142 
VITA-3 
ER-7, TVx 2907-02D, 1Vx 66-2H, VITA-3 
VITA-5 
VITA-4, TVx 1502 
TZi lines as parents 
VITA-3, ER-7 
VITA-5 
VITA-5 
IT82D-889, lVx 3236, V!TA-5, VITA-4 VITA-7 
CARICASS 1,CARICASS 2, CARICASS 3: 
TZSR-Y-1, TZSR-W-1 
1Wx 3236 

http:GusauTZB.SR


FOR THERECORD
 

Country \ 	 Breeding line/variety Country Crop Breeding line/variey"Crop 	 .. 

Mali 	 Maize Suwon-1I SR Soo Tome &P. Maize TZSR-Y-1, TZSR-WI 
Mozambique 	 Cowpea IT82E-1 8 Senegal Cowpea Vx 3236 

Cassava TMS 30001; TMS 30395, IMS 42025 Seychelles Cassava SEY 14, SEY28, SEY32, SEY4 1,SEY52 
Maize Matuba (DMR-ESR SEMOC- II Sierra Leone Cowpea lVx 1999-01 E, T86D-10010, T86D-72 1, 

Nepal Cowpea IT82D-889, 1iT82D-752 IT86D-719, T82E-32, 1Vx 3236, Vita-3 
Nicaragua Cowpea VITA-3 Maize TZSRY-1, EV28-SR, DMRESR-WN 
Niger Cassava TMS 4(2)1425 Cassava ROCASS 1,ROCASS 2, ROCASS 3, 

Maize .,TZESR-W NUCASS 1,NUCASS 2,NUCASS 3, 80/40 
Nigeri Cowpeo-IT84S-2246, /x3236lT82E60,IT81D-994,- Somalia -Cowpea-VVx1502 . .. --- ---

T86D-719, IT86D-721, IT9OK-76, IT89KD-374, Moizc DMR-ESR-W
IT88D-8671 1 Sudan Maize DMR-ESR-W, DMR.LSR-W, Gusau TZB 

Cassava TMS 50395, TMS 30572, TMS 30001 Sri Lanka Cowpea IT821D789, IT82D889, TVx 30901G, 
TMS 412)1425, TMS 30555, TMS 91934, lVx 930-01 
TMS 82/00058, TMS 81/00110, . Swaziland Cowpei IT82E-18, IT82E-32, tT82E-71, 1T82D 889 
TMS 81/00661, TMS 90257, TMS 84537 Tanzania Cowpea TK-,TK-5, IT82D889 

Soybean, TGx 849-313D, TGx 1019-2EN, TGx 1019-2EB, . Maize DMR-ESR-W 
TGx 1448-2E, TGx 53602D, TGx 306-036C, Thailand Maize TZi 18, lZi25 as parents 
TGx 1485-ID, TGx 14401E Toga Cowpea VITA-5, lVx 3236 

Maize TZPB, 096EP6. TZMSR-W, TZSR-Y, TZSR-W Maize 49-SR, 8322-13 STR,TZESR-W 
[open- TZEYR-W TZESR-Y, DMR-LSR-W, DMRISR-Y, Cassava TMS 4(2)1425, TMS 30572 
pollinated] DMR-ESR-W, DMR-ESR-Y, TZB-SR, TZPB-SR, Uganda Cowpea lVx 3236, 1T82E-60 

EV 49-SR, POOL 16-SR, Suwan 1-SR, EV43-SR Cassava TMS 30572 (asMigyero)*, TMS 60142 
Maize 8321-18, 8321-21, 8322-3, 8322-13, Jas Nose 1"*, TMS 30337 (asNose 2). 
[hybrid] 8329-15, 8341-5,8425-8,8428-19,8434-11, Soybean seleclion from UTA breeding lines (Nam 2) 

8505-2, 8505-3, 8505-4, 8505-5, 8505-13, Maize Acr 83 TZMSR-W, 8535-23, 8556-6 
8644-27,18644-31, 8644-32, 8516-12, Venezuela Cowpea VITA-3 
8535-23, 8556-6, 9021-18 STR,9022-13 STR, Vietnam Maize TZi 25 as parent 

Cooking Cardaba Yemen Cowpea TVx 3236, (T82D-789, VITA-5 
banana Yemen, South Cowpea VITA-5, VITA-7 

Pakistan Cowpea VITA-4 Zaire Cowpeo. IT82E-l 8,Vita-6, Vita-7 
Maize TZi 18, TZi25 as parents Maize 83TZMSR-W, Ik83 TZSR-Y-1, DMR-ESR-W 

Panama . Cowpea VITA-3 Soybean TGx 814-76D, TGx 849-294D 
Paraguay Cowpea T86D-10 10, IT87D-2075 Cassava Kinuani, F100, TMS40230/3 

IT87D-697-2, IT87D-378-4 Zambia Cowpea 1Vx 45601F, TVx 309-1G 
Peru Cowpeo VITA-7 Cassava LUC 133 
Philippines 1T82D-889.Cowpeo 

Rwanda Cassava 	 TMS 30572, Gakiza (UYI bulk 1977), 
Karana (PYTbulk 1977)
 

Maize TZMSR-W
 
* Released in 1993/94 

IITA Publications 1994 
Afnetan. 	 Newsletter of the Alley Farming Dealing with the issues of our times. 15 pp. RAIASV.: Bulletin du R6seau africain des Tropical root and tuber crops bulletin . 

S: 	Network for Tropical Africa. Vol. 6 nos, . labratoires danalyse de sols et des Vol. 8 no, 1. 
1,2 (bilingual; English and French). Face aux d6fis acluels, 15 pp. v g6taux. No. 3, 

Tropical root crops inadeveloping 
Biologicol and integrated control af IITA annual report 1993. Larecherche 6 IIITA. Nos, 5, 6. economy. F.Ofori and SK.Hahn, eds. 
highland banana and plantain pests and Proceedings of the 91hSymposium of the 
diseases, CS, Gold and G,Gemmill, ITA rapport annuel 1992, ' SPAtNA: Newsletter of the Soil and Plant International Society for Tropical Root 
eds. Proceedings of aResearch ' . Analytical Laboratories Network of Africa. Crops. lfTA/tSTRC/Government of 
Coordination Meeting. 455 pp. [1993] ITAresearch. Nos, 8, 9. No. 3. Ghana copublication.) 

Bulletin dinfoimotion manioc. • .* "MusAfrica: The plantain and banana . * Stem and ear barers of maize inGhana.
 
Vol 18 no. 1. newsletter published by the Internalional S.Gounou et ol. Plant Health Manage

racines et]i;Institute of Tropical Agriculture. Nos, 4, 5. ment Research Monographi......iNo. 4.23 pp., ii;]i~]:!iii~~i!~l~ ::};ii;iBulletin; des plontes topicole 	 (5Z i 

lubercules. Vol, 8 no1.1 , Probleme unserer Zeit. 15 pp 

-V 
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Graduate research completed at i1TA during 1994 
Degree Country of University U) Sponsor Name M/F Research topic
sought origin 
Crop Improvement
PhD 'tCmeroon Washington State U, , Ndi,'E. E. M, Cassava: Relating physiochernical and biochemical properties to 

USA quality'end-use 

PhD Uganda 	 U lbadan,Nigeria FF Ssemakula, N.G,. F Expression, mechanisms and geneitics of soybean resistance to
 
PhDair Unverst~ Sef/ M Nezoror viridulo (U.arnd Spodopto 1lioralislBiosd.)
athliqe und, 

PhD ZaieUniersi6 catholique Se:lf/"-: Kunl, K. N. Matife organiquedu sol et cinelique de mrneialisation de /amli rede ovl~,Blim.... . QD_ raiu zled sol dons~les jochre5 natureles et dons les.-~
porcelles cultive'esMSc Nigeria 'UIbadon, Nigeria Self Mohammed, A, M Studies of yield potential of varieties of maize inthe savanna ecology 

am Ul"of Nigeria ,MSc Cameroon 	 U lbadan, Nigeria PMC Mango, G.B. M Sprouting and establishment of cassava,,MSc Corner0n U Ibadan, Nigeria PR,,,C Wournane, M. M Cassava (Manihot esculeia Crantz) selection foradaptation to inland 
valleys
MSc Nigeria U badan, Nigeria, Self 'Ezei, T. . . M Production and preservation of tofu with Afromomum danielli
MSc Nigeria U lbdan, Nigeria Self Chikere, A. M Preservation of soymilk with extracts from Afiomomum danielli and
 

H..nnover, Germany GT Collet, ,Alium' sativum .MSc Germany 	 UHannver Germany GTz Colet, L, M Study on genotypical difference inthe nitrogen uptake of maize cullivalrsMSc Belgium Kaiholieike Universiteit Sell " le Cauwer, I. F Genotype-by-environment interaction and assessment of phenotypic
Leuven, Belgium stability of Musa germplasm insub-Saharan Africa

MSc Britain 	 Wye College, London Self CravenGriffiths, A. F An investigation into yam (Diosccoreaspp.) associated mycorrhiza and 
their application as intermediate technology (or micropropogated yam
inWest AfricaMSc Austria 	 UAgriculture, Vienna Austrian Czerwenka.W, 1. F Mechanism of resistance toStriga hermonlhica inmaize 

Plant Health Management
PhD Nigeria U Ibodan, Nigeria IITA Oio, B. M Interactions belween exotic and local phytoseiids and, heir prey inthe 

cassava agroecosystem inAjibodePhD Kenya UNairobi' Kenya IA Salary, A,, M .	 Iso!ation and germin'oiobn of stimulants of Striga hermonthic (Del.)

Benth. from non-host plant parts and field lests of plant efficacy in
 
germinaton stimulation
PhD Burkina 	 UParis, France FPV Ouedrogo, A.. M Biological control of locusts and grasshoppers with entomopalhogic.

Faso fungi " . ' 
PhD Germany 	 UBerlin, Germany Self Hell, K, F Aspergillus spp. and resulting aflatoxins inmoize
PhD Kenya ouisiana State U,USA RF ' Rugut J.K. M Control of witchweed Strigao by natural products from native plants
MSc Nigeria 	 UBenin, Nigeria Self• Rulfai, A,A. M . Biological studies on the anthracnose disease of yam Diosobrea
 

s.pecies) caused by Colletotrichum gloeosporioide's
MSc Nigeria Old Dominion U, oou Ndirpoya, D.Y. .; 'Partial host-range of Striga ospera lWilld.) Bent (Eiuphrasiaaspera

Virginia, USA ' . . . Willd.) as determined by stimulation of seed germination and 

TogaSelf 	 .. extent of parasitism ' MSc Toga UBenin, Togo S DAlmeida, A. M Biological control of whiteflies .' ' 

," 

" 'MSc Netherlands Wageningen Agricultural Self Bar, JMJ. Development of indexing techniques for viruses affecting water
U,Netherlands ' ' lDioscoreoalataL.)and white (Dioscorearotundata Poir (yamMSc Germany UGottingen, Germany Self Kuklins , F. M Laboratory studies on control of African stem' borers wltf Beouveria

" . " .' " '' . # 	 . . . . . basana ' ' ' '. 	 .. . 
MSc Nigeria 	 Federal Uof Technology, GTZ qunkoya, M. F ' Compartvesudyofcommemlnn wooden s nd

Akure, Nigeria . ' warehoseforygra01 storoge inOndoSae n si and .. ' "Resource and Crop Management . h f ' stor.ge.in..ndo State 
PhD Germany 	 UGottingen, Germany GTZ " Wick, B. F Enzyme activity o Alfisals
PhD. Somalia UGotingen, Germany , GTZ Hassan, M,S, 'M 

I 

Microbiologicaloassessmenlof different tropico soils affected by 
decrease of soil fertilityPhD Nigeria UIbadan, Nigeria Self Fogbola, 0. M Decomposition rates of various leguminous woody foliages and theif 

' : mixtures on late establishment of cassava (Maoihot esculentaCrantz) 
as influenced by 'vesicular-arbuscular mycorrhlzas inalley farmingPhD Nigeria 	 UReading, England T Anoka, U. F - The effect of burning on the phenology of speargrass lnperala 
-cylindica [L] Raeuschel) and the implications of pre-plant management 
on Itspersistence inarable fields ' ' PhD USA Texas A&V U,USA Sell Caldwell, J. M . 'Competition for moisture and radiation inalley cropping syternsMSc Nigeria .NutrientMSc Nigeria Ulboadan, Nigeria.' IiTA Akhalumhe, 0. Y. "M Economics of marketing and postharvest losses of plantarn in 

MSc Nigeria Ibada, Nigeria * 	 southern Nigeria 

Ulbadan, Nigeria Self Gungula, D.T. M . balance inmaize/soybean Intercrop 

*U GTZ Ofodile, M. F ' Termite activity survey intho cropped fiel and forest of aselected 

' 

r 
. 

huicr~*MSc Nigeria Ulbadan, Nigeria Self Adeiuylgbe, C,0.M Si zone ~ litter deopsto undei~(rfferent croppingsystems and fallow management inthe humid tropics 
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FOR THE RECORD~,~ 

Publications by IITA staff 	 the International Workshop on Cossava Crops, edited byF, Ofori and S.K. Hahn, 
Safetff ilcietcNigeriar1ha bcma- bealble, Accra,Ghana 

(ontributidns by ViA stfosintiimonorapuehs t valacdrn 1r994. Acta l-lriculturoe No. 375. ISTRC/Government of Ghoa/ITAorcoe e 1994, 

inclyding jaurnalarticles, papers mnlenational r h Society of Horticultural copublication.
 

cognnfernc Science Wgenngen, the Netherlands.ndbased d b po~rntthei r proeedin(s resarchEisea a ie mDo Als 	 C C) de Carvlho, F, W, Boeran, 1.notes~or serepots, nd ograph, ncluded are 	 .lationsrIITA, especial where the work Borgemeister, Co gIngebrechA. Depicker, D.lnze, and M, 

reored isof interestFato llCA;k 2)pubications by staff who have left 1, which ar DoSamou, P,Degbey, A.kbaka, F, Vntn gnu. y994. 'e *'<-i


bas nwork done while they were at the Institute ad A W a Dhossou WG. Meikle, and R nH. Poslirnsciptolor gene silencing in * 

y Markham. 1994. Ar ransenic plants. Pages 437-452 in 
r o ga e cThe '. effect of maizet Plant molecular biology, edited by G,cAb selection and the 

Adenhiran, o.R.l.A. Okh, impal of field infestation on stored maize 2Pu1gdomnech,Adigun, Mli Benner, D.K., A.E. Awad, and El. n 	 Couzzi and P. NATO 
K .,F	an i
7 a E g oo1C-94beP e 	 l . .... SeRiisYo H..8lSredua M 

.. ,Availabilityand ujse o CDROM products ntialgtof ie.zaq..i.a .Prostephaus 	 Berl.Germany.P te . nt fa... trunctus (Horn) Cal, 

inNigerian librre and information hecr Bostrichica ande associated storage'0o
control of Siniggesnerioides and A o u 
cenies. Elccrfonicibary 213 155- in Vnno 'ungucufot). Defloor, I.,R.L M.Bokango,svogeai Pco7pea pests. Pages 906-909 inStored product peiskens, 
168. n Plant Disease 781)u 18-23, s a 	 protecton, Vol.2, Proceedings of the th and IA. Delcour, 1994. 

4 	 u O w P nInternational Working Conference on' of .mactgenotype and crp age on the 
Agueguia, A., C.A Fatokun, and S.K, Bener, D.K Cardwell Stored product Protection, edired by E. breadmanking and physicochemicalKF. B0 
Hahn. 1994. " Faturoti, F.. kieandO.A Wlliams. 'Highlet, EJ. Wright, HJ. Banks, and properties of flour produced fromcassava 
ATIe 1994 B.R,Champ., 17-23 Apr 1994, lMonihol esculenta Crantzl planted inthegenetics of resistance to cocoyar' 
root rot blighr complex disease in '~Relative rales of wind, crop seeds, and Canberra, Australia, CAB International, season, journal of the Science of"'dry 

Xantho.omo saglitifolium 11Schoff. cattle indispeisal of Striga spp Plant Walingford, Oxon, UK. Food and Agriculture 66121: 193-202. 
Paqs 438-442 it)Tropicl toot crops in Disease 78(4r: 402-40. ISoio A o, r ie, d 

"Cardwell,a evedping economy. Proqedings of . K.F., and LDongo. 194. De andM. 
the9tn Symposium of heuntihational .. Bokanga, M.1994. of extracts from .RBokanga.nine plant species 1994.'Effec 

Society for Tropical Root Crop. , edited bl Distribution ofcyanogenic potential inthe found inAfrica on Ie mycelial growth of Breeding of cassava for ow cyanogenic 
F Ofori adi S. Hah/, 20-26 Oct cossuo germplasm. Pages 117-123 in Aspefg flvus Link. Pages 978-980 'potential: problems, progress and 
1991,Accra, Ghana. ISTRC/ Cassava safety, edited by M Bokanga, inStored product proteion, Va!, 2, prospects. Pages' 153-161 inCassava 
Government of Gona/ITA AJA. Essers, N,Poulter, H,Rosling, and Proceedings ofghe 6th International safety, edited byM. Bokanga, AJA. 
copublicaLion. 0. Tewe. Proceedings of the Essers,Working Conference on Srred-product N.Poulter, H.Rosling, and 0. 

I. International Workshop on Cassava Protection, edited byE. Highley, EJ. Tewe. Proceedings of the International 
Akem, C.N., and R,Asiedu. 1994. SfeIt,lboraon, Nigeria 1-4 Mar Wright, HJ. Banks,and B.RChomp, Workshop on Cassava Safety, Ibad-n, 
Distribution and severity of yaml 1994, Acta Hortijulturae No. 375. 17-23 Apr 1994, Canberra, Australia. Nigeria, 1-4 ar 1994. Acta 
onh.cnose inNigeiio. Pages 297-301 international Society of Horticultural allingford, Hoticulurae No. 375, InternationalCAB International,W Oxon, 

inRoot crops far food security inAfrica, Science, Wa eningen, the Netherlands. UK , " Society of Horticultural Science,
 
edited by MO. Aior/da, Proc of r' Cadings Wageningen, the Netherlands.'
 
the Fi Triennial Symposium of the Bokanga, M.1994. iCarsky, L.o,Singh, and R,Nnikawa,
R 
International Socety for Tropical Root Processing of cassava leaves for human 1994., ' iu, Dixon, A.G.., R.Asan and S.K. 
Crops-Africa Branch, K ngmpala, consumption. Pages 203-207 in Effect of herbicide and hondweeding on Hahn,1994. 
Uganda 22-28 Noy1992. IS.RC- edited by M.Bokngo, 	 Genotypic stability and adaptability: Cassava safer, current arid subsequent season Strig 
AB/CTA/iiTA coPublcion u' AJA. Essers, N. Poulter, H.Rosling, and hermontric density on sorghum. analytical methods and implications for 

0. Te e.Proceedings of the ' International Journal of Pest Management cassova breeding for loIA 05input 
Ak m,C.N. and KE. Dashiell. 1994. Internrational Workshop on Cassava '4012): 111-116. P ' i agriculture, Pages 130-137 inTropical 
Effect of planting dote on severiy of Safety, Nigeria, 1-4 Mar ' in2bodon, s root crop a developing economy 
frogeye leaf spot and grain yield of 1994.oa Cha RAH Pfoceeings of the 9th'Symposium of theHoriculturoe No. 375. goupurakalJ.,Markham, P. 
soylens.Crop Ptoection Infernal nI Soci e of Horticultural C., International Society for Tropical Root 'l 3181: 607- NeuenschwaOnder, M. Saoko, 
610, 1e SciencN9 nngen, the Netherlands, Malambo, D.Mulwana, E.Banda, A. Crops, edited by F.Ofori and K.Hahn, 

TA A " I Bird, and T,Haug. 1994, 20-26 Oct 1991, Accra, Ghana.'oChalabesa' 

Akznlosotu, TA., LE.N. Jackal,NN. Bharva, M.1994/ Biological control of the cassava ISTRC/Goverment of GhanO/IITA
 
N eoniforA.T Hassan,dC.WAgyakwa, Trcyangeni potential of cassava.l mealybug, Phenacocus nanihoti - copublication.
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