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Foreword 
We chose the theme, 'Out of Afnca, mto a global mandate', to hIghhght the 
dynamIc nature of ILRI's programmes m 1996 The 'out of ,mto I theme 
also fI.ts well our emphasIs on movmg results 'out of the laboratory, mto 
farmers' fIelds' Research addresses the unknown and the benefIts of re
search, especially strategic research, to smallholders are not always obYloUS 
This report makes the connectlOn between research by ILRI and our part
ners and the needs of poor farmers m developmg countnes Some 
examples 

ILRI's research on a vaccme to protect smallholders' lIvestock from the 
ravages of the disease East Coast fever began m the 1980s ILRI IS ready to 
take the product of this research 'out of the laboratones and mto farmers' 
fIelds' (see PotentIal vaccine enters (reId testing) If these fIeld tnals are success
ful, there are good prospects for commercial productIOn MeanwhtIe develop
ment of new candidate vaccmes contmues, and the knowledge gamed will 
be broadly applIcable to the related disease, tropical theilenosls, whIch 
affects lIvestock from the Mediterranean to Chtna 

ILRI's research m molecular genetics IS provldmg another technology to 
move 'out of the laboratory and mto the field' Genetic markers help arumal 
breeders transfer useful genes from one populat1On to another (see Marker
aSSIsted breedmg programmes) ILRI's research IS presently focused on the 
genes for trypanotolerance found m West Afncan N'Dama cattle ILRI sCien
tiStS have already Identified markers for these genes m laboratory anImals 
and are closmg m on them for cattle Pilot breedmg schemes to test the 
practical apphcat10n of marker-assisted select10n are bemg planned m collab
orat1On Wlth the InternatIOnal Trypanotolerance Centre m The Gambia 
WhtIe thIs work focuses on trypanotolerance, the techniques are of global 
relevance and Wlli be apphcable to other 'quantitative traIts', such as milk 
and meat Yield and reSIstance to other diS
eases and parasites 

The articles on market-OrIented small
holder dalfY1ng (BUIlding natIonal capacity 
for market-ortented smallholder dazry research 
and development) and the Small Rummant 
Research Network (Networking-budding 
for the future) focus on ILRI's partnerships 
Wlth national agncultural research sys
tems (NARS) , whIch help move research 
results 'out of research and mto exten
s1On' Both artlcles demonstrate what can 
be acrueved when partners combme their 
comparative advantages, skills and re
search CapaCltIes m collaborative efforts 
These partnershlps are the cornerstone for 
ILRl's new medlUm-term plan and feature 
strongly m the mstltute's moves mto 
Asla, West ASla and North Afnca, and 
Latm Amenca and the Canbbean 

The article The grass IS always greener 
brmgs together results from several areas 
of research, rangmg from DNA fmgerpnnt 

Much of lLRl's experIence In 

Africa IS applicable to crop-live
stock systems In other parts of the 
developing world 
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LIvestock are commonly kept In 

plantatIons In South-East ASIa 
These systems wIll be a focus of 
ILRI's work In the regIOn 

VI 

mg to held tnals of grass vanetles adapted to wIdely dlffermg ecozones and 
productlOn systems The creatlOn of ILRI enabled thIS apphcatlOn of molecu
lar genetIc techruques and faclhtles developed for arumal health research 
Forage legumes boost lIvestock and crop production IS also on takIng forages 'out 
of the gene bank and mto farmers' fIelds' Large-scale on-farm tnals have 
shown farmers the advantages of Improved forages ThIs artIcle also illus
trates the benefIts of south-south exchange of germplasm With the Inter
national Center for TropICal Agnculture (CIAT) m ColombIa, and the 
recIprocal move of forage germplasm 'out of Afnca mto Latm Amenca' 

The hnal artIcle (Importance of assessing true credit constraint) illustrates the 
need to move 'out of econorruc theory and mto praCtical apphcatlOn' StudIes 
on credIt generally compare borrowers and non-borrowers But not everyone 
who borrows money IS actually short of cash and many who do not borrow 
would If they could ILRI's study assessed true credIt needs and hrrutatlons 
and produced practIcal results relevant to farmers' needs for credIt 

Going global 
ILRI's mandate encompasses mternatlOnal hvestock research throughout the 
developmg world Dunng 1996, partIcular emphaSIs was glVen to settmg 

pnontles and Identlfymg partners for new ILRI research m 
ASIa Our assessment of ASIan arumal agnculture mdlcated 
that the most slgruflcant and sustamable mcreases m hve
stock productlOn are hkely to come from mIxed crop-hve
stock systems 10 ramfed and ungated areas m South AsIa 
The research pnonties ldentlfIed mclude the nutntlOnal 
evaluatlOn of novel feed resources and theu mtegratlOn 
mto the farmmg system, lmpact and nsk assessment of 
arumal health mterventlOns, and charactensatlOn and use 
of reslstant genotypes 10 hvestock breedmg programmes 
ILRI's comparatlve advantage stems from lts strength m 
systems research, backed by a strong capaclty for blOlogl
cal component research, espeClally relevant to smallholder 
crop-hvestock-tree farmmg systems 

First steps In ASia 

In 1996, ILRI took ItS fmt steps mto ASIa With the slgn
mg of a Memorandum of Agreement for co operatlOn m 
lIvestock research and trammg WIth the IndIan Councll of 
Agncultural Research ThIS IS ILRI's fust such memor
andum m ASIa, the start of broader collaboratlOn With 
natIonal programmes m the reglOn Also m 1996, an ILRI 
arumal nutntlOrust was based at the InternatlOnal Crops 
Research InstItute for the SemI And TroplCs (ICRISAT), 
Patancheru, IndIa, to develop collaboratlVe research WIth 
the mstttute's plant breeders that W11llffiprove the feedmg 
value of stovers from ICRISAT's mandate crops 

First steps In Latin America 

Also dunng 1996, the ground was prepared for ILRI's m
ltial work m Latm Amenca, whIch W11l address lffiprovmg 
productlVlty of dual purpose (meat-rrulk) cattle, and lffi-



provmg prodUCtIVIty of crop-hve 
stock systems m the HIgh Andes re 
glOn The research on dual purpose 
cattle productIOn systems IS con 
ducted by the TropIleche consor
tlUm, mcludmg CIAT, ILRI, Cornell 
Umverslty and natIOnal orgams-
at IOns from Costa RICa, NIcaragua 
and Peru The research to 1m prove 
crop-hvestock systems m the An
dean HIghlands wIll be conducted 
m the ConsortlUm for the Sustam
able Development of the Andean 
EcoreglOn (CONDESAN), led by the 
InternatIOnal Potato Center (CIP) 
Tills consortlUm mcludes SCIentIsts 
from natIOnal and regIOnal research 
orgamsatlOns, CIAT and ILRI 

Out of the past, into 
the future 
As ILRI moves out of an Afncan mandate mto our global mandate for 
mternatlOnal hvestock research, we are bUIldmg partnershIps throughout 
the world Through these partnershIps, Improved hvestock prodUCtIVIty 
wIll help to move smallholders out of poverty, food msecunty and 
degraded enVIronments mto better hves for them, theIr chIldren and 
theIr grandchIldren 

NevIlle Clarke 
ChaIrman 
ILRI Board of Trustees 

Hank FItzhugh 
Duector General 
ILRI 

ILRI's research tn Lattn America 
wtll focus on the Andean htgh
lands, through the CONDESAN 
consorttum, and on tmprovtng 
meat and mtlk productIOn, 
through the Troptleche consorttum 
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Potential vaccine enters 
field testing 
ILRI IS startmg fIeld tests of ItS fIrSt antIgen-based vaccme agamst East 
Coast fever BuIldmg on extenSIve tests m the laboratory; the field tnals wIll 
provIde the fIrSt mdICatIOns of whether the vaccme wIll work under 
farmers' condItIOns 

East Coast fever IS a devastatmg dIsease caused by a smgle-celled para
SIte, Thetlerla parva The parasIte IS passed from ammal to ammal by the 
bIte of the brown ear tick (RhIpIcephalus appendlculatus) Withm mmutes of 
bemg mJected mto an ammal, T parva parasItes mvade whIte blood cells 
and cause them to dlVlde repeatedly A maSSIve prolIferatIOn of whIte cells, 
lIke that m leukaemIa, leads to the death of the ammal m as lIttle as three 
weeks 

East Coast fever kills more than a mIllIon cattle a year m eastern, cen
tral and southern Afnca, and reduces the growth and mIlk YIeld of mIllIons 
more It costs farmers more than US$ 165 mIllIOn a year m lost ammals, 
lost productIOn and control costs The ravages of the dIsease are greatest 
where exotIc cattle are brought m to boost lIvestock productIOn, because 
these ammals have no reSIstance to the dIsease 

At the moment, there are only two ways to control the dIsease, both of 
whIch have major drawbacks The fIrSt IS to kill the tick that transmIts the 
dIsease But tills means farmers have to dIp theIr ammals m acanCIdes tWIce 
a week to kIll the tIcks The cost to farmers IS huge-ZImbabwe spent 
about US$ 13 mIllIon on acancides m 1995, and the ZImbabwean govern
ment spends half of ItS vetennary budget on dIppmg and spraYing each 
year The cost to the enVIronment IS mcalculable Not only are huge 
amounts of acancides entenng the enVIronment, WIth unknown reper
CUSSIOns, but tIcks are becommg reSIstant 
to all commonly avaIlable acancides For 
WIdely scattered smallholders, the trek to 
communal dIpS can take hours, so It IS un
lIkely that they wIll dIp theu ammals as 
often as necessary to control the dIsease 
effectIvely And mamtammg a communal 
faCIlIty IS, In Itself, a thorny Issue Who de
CIdes when the dIp gets cleaned and re
fIlled? Who collects the money? The 
acancide mIX gets less effectIve as It IS 
used, so who deCIdes whose cattle go fIrst? 
What can the commumty do If someone 
does not dIp theu cattle and hence keeps 
up the tIck populatIOn? 

The second approach IS the 'InfectIOn 
and treatment' system of ImmUmSIng 
cattle agaInst East Coast fever ThIS sys
tem, In use SInce the 1960s, IS based on In
oculatmg cattle WIth a lethal dose of lIve 
paraSItes whIle SImultaneously treatmg 
them WIth a long-actmg antIbIOtIC to re 

Spraying a daIry cow wtth acart
ctde East Coast fever, trans
mttted by ttcks, threatens the /tves 
of mllitons of cattle In eastern, cen
tral and southern Afrtca, es
pectally tmproved daIry cattle ltke 
thts one ILRI's p67 vaccine offers 
hope of overcoming thIS dIsease 



Drugs and chemIcals used to con
trol East Coast fever cost farmers 
and governments tn eastern, cen
tral and southern AfrIca mtlltons 
of dollars each year and do untold 
harm to the envIronment An effec
tive vaccme WIll reduce these costs 
dramattcally 

duce the seventy of the resultant m
fectIOn, thus Immumsmg the am 
mals agamst the disease WhIle the 
system works well m many areas 
and production systems It has three 
serIOUS drawbacks FIrSt, the para 
sites must be kept frozen m lIqUId 
mtrogen to remam viable, and the 
faCIlIties for thiS are rarely available 
m developmg countnes Second, the 
Immumsed ammal IS protected 
agamst only the stram or strams It 
was mfected with, not agamst 
other strams It might encounter m 
the field And third, and m some 
ways the most senous drawback, 
once mfected the ammal carnes a 
reservOir of the parasite with It for 
the rest of ItS lIfe Smce the stram 
of parasite used m the mfectlOn
and-treatment system IS commonly 

not a local stram, thiS mtroduces 
new strams of the parasite mto the 
area, strams that local ammals Will 
not be resistant to The system IS 
also expensive lIqUId llltrogen and 
tetracyclme-the antibIOtic used
are both costly m developmg 
countnes 

ILRI's search for a vaccme 
agamst East Coast fever dates back 
about 15 years It stems from a 

Datrymg IS a potenttally lucrattve enterprIse for smallholder farmers m 
much of the developmg world 

2 

Simple observatIOn that blood 
serum taken from cattle m areas 
where the disease IS endemiC stops 
parasites m culture from gettmg m
Side white blood cells That told 
SCientists that antibodies of cattle 
exposed to T parva parasites can 
stop the parasite mvadmg theIr 
cells What part of the paraSIte, the 
SCientIsts wanted to know, were 
these antIbodIes targetmg? Could 
that paraSIte component be IdentI
fied and used to protect alllmais 
agamst East Coast fever? To make 
a complex research story short, the 
answer IS 'yes' 

Antigen identified 

In 1984, ILRI SCIentists IdentifIed a 
protem located on the surface of 
the parasIte that provoked an Im
mune response m mfected cattle 
They dubbed the molecule 'p67' be 
cause It IS a protem with a molecu 
lar ma~s of 67 ktlodaltons ThiS 
protem occurs on the surface of the 
sporozOite form of T parva-the 
form that IS mjected mto the alll
mal by the tick-and has sub 
sequently been found m every 
stram of cattle-denved T parva that 
ILRI has tested By 1988, ILRI's 



Preparing an inoculatIOn of p67 
FIeld trtals with the vaccine are 
starting In 1997 

sCientists had pulled out and se
quenced the gene 

So now ILRI had the gene The 
next questIOn was how to make 
large quantities of the protem It en
coded In 1989, ILRI sCientists m
serted the p67 gene mto Eschertchla 
COlI, a UbiqUitouS bactenum that 
lIves m our mtestmes, and got this 
bactenum to manufacture the p67 
protem molecule With help from 
SmlthKlme Beecham (SKB) an 
Amencan pharmaceutICal company 
(now Pfizer Incorporated), ILRI ere 
ated a stable form of p67 NSl p67, 
that the bactena could produce 

V«nurnlTIla.ta@1TIl ttlJ"ma~s gfi'We 
!Pl1J"®!ITmfiSB!mg 1J"e§1Ul ~1ts 

ILRI carned out Its hrst tnal on m
oculatmg cattle With recombmant 
NS1 p67 m 1989, usmg a 'mash' of 
bactena With almost no punfl 
catIOn SCIentists moculated two 
cows With five doses of the un
refmed p67 m an adjuvant known 
as saponm over a penod of four 

months and then mjected them 
WIth a potentially lethal dose of T 
parva parasites Neither Immumsed 
ammal got Sick, but the two un
moculated control ammals de
veloped lethal mfectIOns ThIS gave 
the fIrst mdlcatIOn that p67 really 
could be the baSIS of a vaccme 

Subsequent tnals used partIally 
punfled NS1 p67, together With an 
adjuvant proVided by SKB that 
boosted the Immune response to 
p67 In Imtlal tnals, thiS mixture 
protected all the ammals that re 
celved It agamst East Coast fever 
In subsequent tnals, however, It 
protected about three-quarters of 
the ammals moculated 

AgalD, ILRI ran mto problems 
With the p67 NS1 p67 IS msoluble 
One end of the p67 molecule IS 
strongly hydrophobiC-It repels 
water-and forces the molecule out 
of solutIOn This makes It very dIffi
cult to regulate exactly the amount 
of the protem that IS mjected mto 
the ammals 

Improving the vaccine 
In 1993, ILRI made a 'shortened' 
verSIOn of p67, leavmg out the hy
drophobiC sectIOn ThiS molecule 
has been deSignated p635 because It 

consists of 635 ammo aCIds, rather 
than the 709 ammo aCIds m p67 It 
IS more soluble than p67 and, more 
lffiportantly, proVides just as much 
protectIOn to the ammals mocu
lated With It 

Tnals contmued With p635 
through 1996 as sCientists refmed 
the moculatlOn regime to mcrease 
the level of protectIOn while slmplI
fymg the reglffie In early tnals, 
sCientists moculated calves up to 
five times over a penod of four 
months before mfectmg them With 
T parva parasites ThiS would be 
ImpractICal for farmers, as It would 
entail several VISitS by a vetenn
anan-too difficult to arrange, and 
too expensive 

Over a senes of tnals, tills was 
reduced to three moculatIOns a 
month apart The total amount of 
p67 mJected was nearly one-and-a
half mIllIgrams of p67, a huge dose 
In a recent expenment, however, 
calves that were moculated With 
only 800 mICrograms of p67, splIt 
mto two doses, had antibody levels 
(and levels of protectIOn) as illgh as 
those moculated With 2 mIllIgrams 
or 2 5 tImes as much p67 Promls
mg, but still not Ideal 

ILRI's early vaccme tnals used 
Boran calves of up to eight months 
old that had never been exposed to 

Ii T annulata: I 
\ 

1\ I 
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Thellena annulata" an organtsm related to the parasite that causes 
East Coast fever, occurs In a broad swathe from Spain to China Much 
of ILRI's research on East Coast fever may be appltcable to T annulata 
as well 

East Coast fever Recent tnals have 
used calves as young as three 
months old But on farms, the 
calves wIll come up agamst the dIS
ease when they are only a month 
or so old Tnals are now startmg to 
determme the reactIon of such 
young anImals to the p67 vaccme 
ILRI's SCIentIsts are confIdent that 
the results WIll hold to the pattern 
found m older anImals-there were 
no dIfferences m the antIbody re
sponse or degree of protectIon m 
anImals rangmg from three to eIght 
months old 
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Out of the lab, into 
the field 
WIth all the laboratory studIes be
hmd them, ILRI's SCIentIsts are 
now prepanng to test p635 as a vac 
cme under farmers' condItIOns ThIS 
IS a three year project that wIll 
IdentIfy sUItable testmg SItes, vaCCI
nate anImals m the chosen lo
catIon, mOnItor responses to 
ImmUnISatIOn and assess the 1m 
pact vaccmatlon has on the pro
ductIon system 

ILRI and ItS natIonal programme 
partners have IdentIfIed three 
pOSSIble tnal SItes m Kenya where 
the vaccme could be tested The 
fIrst step m determmmg whIch of 
them to use mvolves exposmg 
groups of naIve Boran cattle-I e 
anImals that have not been exposed 
to dIsease-to natural tIck challenge 
for two to fIve months to fmd out 
how severe the dIsease challenge 
will be ThIS will start In March 
1997 WhIle thIS IS gomg on, the ex
penmental anImals WIll be mocu
lated WIth p635, pOSSIbly as early as 
May, and WIll be ready to be ex
posed to natural fIeld challenge as 
soon as the fmal test SIte IS selected 

cautious optimism 

ILRI's SCIentIsts are cautIously OptI
rruStlC about the outcome of these 
tnals The results m the laboratory 
are promIsmg, but condItIOns m 
farmers' nelds are radIcally dIfferent 
from those m the laboratory 
Farmers' anImals are exposed to a 
range of dIseases that expenmental 
anImals are not, and they are often 
not as well fed or tended as anImals 
used m expenments These dIffer
ences could have a marked effect on 
the anImals' response to vaccmatlon 
and theIr abIlIty to nght off dIsease 
And, as one ILRI SCIentIst noted, no
one has yet developed an effectIve 
vaccme agamst a protozoan paraSIte 
such as T parva or the malana para
SIte, despIte world-wIde efforts and 
milltons of dollars spent 

Maybe ILRI's wIll be the fIrst 



Building national capacity for 
market-oriented smallholder 
dairy research and development 
People want muk, and there's not enough to go around, partIcularly for 
familtes m the developmg world's burgeonmg cItIes As people m the devel
opmg world enJoy the benefIts of revIvmg economIes, and as cItIes and 
towns grow, so does the demand for mIlk and daIry products That IS what 
ILRI's research teams have found m many sub-Saharan Afncan countnes 
and others have found elsewhere m the developmg world For a long tIme, 
daIry products Imported cheaply from Europe and elsewhere met up to 40% 
of the demand m Afnca In recent years, however, the cost of mIlk and 
mIlk products has been nsmg, and Afnca IS short of foreIgn currency to pay 
for Imports WIth the nght poltcIes, marketmg systems and techmcal sup
port, smallholder daIry farmers m the developmg world can meet the m
creasmg demand wIth locally produced mIlk and daIry products, thereby 
creatmg wealth and Jobs m theIr home countnes, whIle replacmg Imported 
products and savmg scarce foreIgn exchange 

In 1989, The World Bank stressed the need to mcrease food productIOn 
m sub-Saharan Afnca by 4% a year to the year 2020 (The World Bank 
1989 Sub-Saharan Africa From crtSIS to sustamable growth The World Bank, 
Washmgton, DC, USA 300 pp) ThIS 'would be enough to feed the grow
mg populatIon (275 percent a year), Improve nutntion (1 percent a year), 
and progressIvely ehmmate food Imports (025 percent a year) between 1990 
and 2020 ' ThIS ImplIes an mcrease m mIlk productIOn from cattle and buf
falo from 8 2 mIllIon tonnes m 1988 to 35 6 mIllIon tonnes m 2025 

ILRI and smallholder 
dairying 
ILRI's mvolvement WIth market-onented 
smallholder dalrymg dates back to ItS early 
work on lIvestock productIon systems FIeld 
teams In several East and West Afncan 
countnes focused on opportumties for In
creasIng prodUCtiVIty AllIed to thIS work, 
economIsts studIed daIry product demand, 
consumptIon patterns and marketIng sys 
terns, and the mfluence of polICIes and ex
ternal markets on these 

These studIes affumed that there were 
many opportumties for IncreasIng the pro
ductIVIty of smallholder crop-hvestock sys
tems through daIrymg, but that these 

Mtlk has been descrIbed as 'the 
perfect food/ It IS a vital source of 
nutrtents and cash for small
holders and theIr famtltes through
out the troptcs 
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The ultImate beneficIary of re
search on smallholder datrYlng by 
fIRf and Its partners Rural 
people and urban dwellers alIke 
benefit from more plentIful sup
pltes of mtlk and daIry products 
Chtldren espeCIally benefit/ from 
better nutrttlOn to more money In 

the household to pay for school 
fees and the Itke 

opportumtIes and the constramts 
facmg producers were largely sys
tem-specIfIC Clearly, studymg all of 
Afnca's myrIad productlOn enVIron
ments would be beyond ILRI's 
scope, and mdeed the very system 
specificity of the problems placed 
thl~ research fnmly 10 the realm of 
the national programmes the 
NARS But no NARS workmg 
alone can cope With the whole 
gamut of problems facmg small 
holder dairy farmers Workmg to 
gether, however, NARS can aVOid 
duphcatlOn of efforts and achieve 
useful rephcatlOn, conservmg 
limited resources and promotmg re 
search progress With thiS m mmd, 
ILRI and ItS NARS partners have 
developed a conceptual framework 
for research m smallholder daIrymg 
to help IdentIfy pnonty constramts 
facmg smallholder daIry producers, 
processors and market agents, and 
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to develop techmcal, mstitutional 
and polIcy mterventlOns 

Conceptual framework 
Dauy systems are complex and re
search on them IS fraught WIth dlf& 
cuities A conceptual framework for 
such research wIll ensure that re
searchers gather all the mformatlOn 
they need to charactense and pro 
mote development of these systems 

Startmg m 1992, ILRI and ItS 
partners m NARS and other mter
natlOnal agncultural research 
centres drew up such a framework 
that applIes a productIOn to-con
sumptIOn systems approach The 
key ObjectIves of the research frame
work are to 
• charactense eXIstmg daIry sys 

terns 
• IdentIfy constramts to and op

portumties for daIry develop
ment and pnontise researchable 
Issues 

• develop and test cost effectIve 
technologIes to Improve dauy 
systems 

• IdentIfy polIcy optIons for more 
effICIent mput and output 
markets 

• develop methodologtes and tools 
for use by NARS, and 

• understand the evolutIOn of 
daIry systems and theu contn
butIOn to the mtenslficatIOn and 
commerCIalIsatIon of smallholder 
agnculture 
Under the framework, research 

IS orgamsed m four phases 
Phase 1 IS a rapId appraIsal to de

scnbe the mam charactenstics of 
productIOn, processmg, marketmg 
and consumptlOn m a daIry sys-
tem In Phase 2, research charac
tenses the subsystems m detaIl, at 
the household level for productIon 
and consumptIOn and at the level 
of mdividual umts for processmg 
and marketmg Charactensmg the 
subsystems IdentIfIes constramts to, 
and opportumties for, Improvmg 
smallholder daIry systems and facilI
tates ex ante assessment of techm
cal and polIcy mterventions 

Research under Phase 3 develops 
and tests mterventlOns to take ad
vantage of the opportumties and to 
alleVIate the major constramts Ident
IfIed m Phase 2 

Phase 4, a key one for ILRI and 
Its partners, IS the croSS-SIte syn
theSIS of mformatIOn gathered m 
the earlIer phases The syntheSIS 

The inS and outs of Itvestock productIOn 



A Fulant woman wtth a 'butter 
churn'tn Nlgerta Falltng Imports 
have created market opportunwes 
for local producers ILRI and ItS 

partners are developtng Improved 
productIOn systems to help small
holders benefit from these oppor
tuntttes 

gUides further research and develop
ment efforts by mterpolatmg and 
extrapolatmg the fmdmgs to other 
parts of sub-Saharan Afnca and to 
other contments 

Imtlal development by ILRI 

ILRI, through Its collaborative re 
search on smallholder dalrymg m 
EthIOpia, Kenya, Nlgena and Mall, 
defmed a 'mllllmum data set' for 
charactensmg dairy systems, devel
oped standard data collectIOn mstru 
ments and samplmg methodologies 
and IdentifIed standard analytIcal 
techlllques that could be applIed m 
smallholder dairy research These 
have now been used by NARS m a 
vanety of collaborative proJects as
sOClated WIth ILRI, eIther dIrectly 
or through the cattle research net
work, CARNET The conceptual 
framework for daIry research and 
the methodology for charactensmg 
daIry consumptIOn subsystems have 
been publIshed by ILRI, and the 
methodologIes for studymg the pro
ductIOn and marketmg subsystems 
will be publIshed m 1997 

Collaborative research 
building partnerships 
ILRI IS mvolved m several collabora
tIVe research proJects on small
holder daIrymg m Afnca, all of 
whIch are applymg the conceptual 
framework In Nigena, the InstItute 
and ItS NARS partners have charac 
tensed the daIry productIOn and 
marketmg subsystems and are ad
dressmg pnonty constramts ThIS re-

search IS closely lmked With that of 
the West Afncan ecoregIOnal consor 
tlum led by the InternatIOnal Instl 
tute of Tropical Agnculture (lITA) 
Elsewhere m West Afnca, members 
of CARNET from Ghana, Mall, 
Nigena and Senegal, supported by 
the InternatIOnal Development Re 
search Centre (IDRC) , Canada, and 
the OrgalllzatIOn of Petroleum Ex-

portmg Countnes (OPEC), have 
been usmg the conceptual frame 
work to gUIde theIr research In 
East Afnca, ILRI IS workmg closely 
WIth the Kenya MIlllstry of Agncul 
ture, LIvestock Development and 
Marketmg (MALD) , the Kenya Agn
cultural Research InstItute (KARl) 
and natIOnal Ulllversities on a study 
of the smallholder daIry system sup-
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plymg the Nalfobi mIlk market 
ThIS work, funded by the Bntish 
Overseas Development Admmls
tratlOn, bUilds on research by the 
partners at the Kenya coast The 
proJect has already developed lmks 
wIth partners m Uganda and m 
Tanzama In EthIopIa, ILRI IS work
mg WIth the EthlOpian InstItute of 
Agncultural Research (IAR) and the 
Mlmstry of Agnculture on the use 
of crossbred cows both for mIlk pro
ductIon and as draft ammals 

Common approach to 
different problems 

All of these studIes use common 
methodologIes and tools and stan
dard approaches But that does not 
mean that they are all addressmg 
the same problems 

In West Afnca, for example, the 
Imtlal productlOn system charac 
tensatlOn m Ghana, Mall, Nlgena 
and Senegal showed that the pre 
dommant daIry system IS agropas 
toral, and that the key techmcal 
constramts facmg farmers were 
shortages of feed at cruClal pro 
ductIon stages and dIseases, par
tIcularly helmmth mfestatlOn 
Compansons across the countnes 

8 

of the regIon showed broad SImI 
Ian tIes m these problems 

Based on thIS, the NARS devel
oped a senes of research proposals, 
whIch they presented at a reglOnal 
workshop From these, the consor
tium developed a research pro
gramme to address these Issues, 
based on common research proto-

Spreading manure on a fodder 
crop Nutrtent cycling IS vttal In 
intensIve crop-lIvestock pro
ductton systems 

cols and analyses IDRC, through 
CARNET, supported the Imtial sys
tem charactensatlOn phase, mclud
mg the workshop, and IS now 
fundmg the research developmg 
and testmg mterventlOns Instead 
of each natlOnal programme work
mg m IsolatlOn, they are now pool
mg theIr efforts, addressmg 
common problems ILRI acted as a 
catalyst to get the process movmg, 
and now proVIdes techmcal aSSIst
ance, espeCIally m the fIeld of exper
Imental deSIgn and data analYSIS 

Issues facmg smallholder daIry 
producers m the hIghlands of East 
Afnca are markedly dIfferent from 
those faced by producers m West 
Afnca In much of the hIghlands of 
East and central Afnca, partIcularly 
Kenya, darry markets are relatIvely 
well developed Increasmg the pro
ductIVIty of the reglOn's mtenslve 
daIry systems focuses on develop-

ILRI and Its partners In East AfrIca are studYing the complex inter
actIons Involved In the intensIve smallholder daIrYing systems found In 

thIS regIOn 

Partnerships for complex problems 

poultry feed forage + concentrates 
J .. mIlub@m t§ ... milk 

___ dairy ___ ... '-1 .... meat 

Unit 
---......-I ...... replace 

ments 
c rliet(l'ilTtitien'n. 

• t 1-----?-~I~m~~!FfI-.:..;,,;=-~~~---+-... nutrIent 
.. .... .. losses 
,. organic fertiliser 

morganlc fertiliserf 
mineral depOSits 

manure-compost 



Ploughtng wtth crossbred daIry cows (foreground) rather than oxen 
(background) can tncrease overall farm productIvity 

mg Improved feedmg strategIes to 
explOIt profItably the hIgh-grade 
European daIry breeds whIch domI
nate the smallholder daIry farms 
HIgh human populatlOn pressure re
sults m mtense competItlOn and 
compiementanties between cash 
crops (tea, coffee, hortIculture), 
food crops and forage crops Dnven 
by the need to maXImIse the pro 
duCtlVlty of theIr land, farmers 
grow hIgh-YIeldmg fodder crops 
such as NapIer grass, combmmg 
these WIth crop and agro-mdustnal 
by-products to feed theu daIry 
cows, reducmg theIr need to buy 
expensIve concentrates They use 
manure from theIr cattle to fertIlIse 
theIr crops, reducmg theIr need to 
buy morgamc fertIlIsers Inter
croppmg woody, herbaceous and 
gram legumes and the better man
agement of the eXIstmg feed re
sources and manure can contnbute 
effectlVely to mcreasmg farm pro
ductIVIty m these mtenslVe sys
tems These are amongst the 
optlOns bemg researched by the 
Nalrobl-based consortlUm whIch m
eludes KARl, the Umversity of 
NaIrobI, the InternatlOnal Centre 
for Research m Agroforestry 

(lCRAF) , TroplCal SOlI BlOlogy and 
FertIlIty Programme (TSBF) and 
ILRI workmg WIth partners from 
London and Coventry UmversltIes, 
Henry Doubleday Research ASSOCI
atlOn (HDRA) and Natural Re
sources InstItute (NRI), supported 
by ODA and the Rockefeller Foun 
dation As well as addressmg the re 
glOnallssues, the consortlUm's 
research WIll yIeld results applIcable 
to many current and future small
holder systems and WIll develop 
methodologIes and tools for Improv 
mg the effIClency of nutnent cyc
lmg research m crop-hvestock 
systems globally 

The EthlOplan hIghlands face 
SImIlar constramts of hIgh human 
populatlOn and small farm SIze A 
major dIfference, however, IS that 
ox tractlOn plays an essentIal role 
m the smallholder mIxed farmmg 
systems of the EthlOpian hIghlands 
Unfortunately, draft oxen present 
problems for the farm They work 
for only a short penod each year 
but have to be fed year-round, for 
the amount of feed they consume 
they are relatlVely unproductIve 
Oxen cannot breed, and the farmer 
thus needs to mamtam a follower 

herd to supply replacement oxen 
Fewer but more effICIent ammals 
on farms could reduce stockmg 
rates and overgrazmg, makmg more 
feed avaIlable for fewer ammals, 
thus helpmg establIsh a more pro
ductive, sustamable farmmg system 

Smce 1989, ILRI has been collab
oratmg WIth IAR and the Mlmstry 
of Agnculture m studymg the POSSl
blhty of USIng crossbred cows for 
both daIry and draft Research re
sults strongly suggest that thIS IS 
VIable and could have a WIde Im
pact on dairy productlOn m east
ern, central and southern Afnca, as 
well as parts of ASIa, bnngmg 
major benefIts to smallholder daIry 
producers, consumers and the en
VIronment WIth the aSSIstance of 
the Food and Agnculture Orgamz
atlon of the Umted NatIons (FAO) 
and the Austrahan Centre for Inter
natIOnal Agncultural Research 
(ACIAR), ILRI and ItS partners m 
SIX Afncan NARS have now de
veloped a proposal to extend these 
daIry-draft technologIes In eastern 
and southern Afnca 

Unks with extension 
Lmkages between research, develop
ment and extenslOn are vItal If 
these activIties are to mcrease small
holder prodUctiVIty Unfortunately, 
these lInkages are weak or non-exIst
ent m many countnes These multI
partner collaborative proJects, 
whIch mvolve research, develop
ment and extenslOn agenCIes, offer 
one of the best prospects for devel
OpIng and maIntaInIng these lInks 
All of the projects are developed, 
planned, Implemented, analysed 
and reported by all the partners as 
a group Jomt 'ownershIp' of the 
project by the dIfferent members of 
the group encourages bndge-bUlld
mg and dIscourages the compe
tltlOn that commonly charactenses 
the rela tlOns between research, de
velopment and extenslOn workers 

A recent example of effectIve 
JOInt ownershIp was ILRI's collab-
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Involvmg e..;tenston agents m the 
research process ensures that the 
research addresses farmers' con
cerns and the results of the re
search get app/ted by farmers 

oratlVe project wIth KARl and the 
MAID at the Kenya coast Over Its 
fIve-year hfe, the project developed 
and tested mstitutIOnal mechan
Isms for strengthenmg the lmks be
tween research, extensIOn and 
farmers These were seen as so sue 
cessful that KARl and the Mml~try 
adopted the model for then research 
and extensIOn programmes natIOn 
wide Buildmg on this expenence, 
II RI, through CARNET, IS now m 
volved In a st1ld" of rE'se1rrh -extrn 
'>1 n II t r 11 t~ l~t, 11 ::':1l111 1\' \l 

funded by the Dallish mternatlOnal 
development agency, DAN IDA, and 
with collaborators from Denmark 

Beauty of partnerships 
ILRI IS a small research IOstltute It 
was small when It focused only on 
sub Saharan Afnca s problems, 
faced WIth Its new global mandate 
It IS tlOy The most productIve way 
for the InstItute to contnbute effec 
tlvely IS to develop partnerships 
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WIth NARS and others workmg to 
mcrease food productIOn m the de 
velopmg world 

A major benefIt of the colla bora 
tlve partnershIps ILRI has deve! 
oped through ItS smallholder daIry 
research IS the strengthenlOg of re
search capacIty m the NARS At 
the same tIme that the projects are 
developmg, testmg and applymg 
methodologIes, ILRI's natIOnal part 
ners are Identlfymg and addressmg 
the maJor pnOrIties for research and 
development m their systems In 
Kenya, for example, It IS the Mmls 
try's extenSIOn staff, worklOg WIth 
KARl and ILRI researchers, who 
gather and help IOterpret the data 
to characterIse the productIOn, con
sumptIOn and marketmg systems 
that make up the daIry system sup 
plymg the NaIrobI market 

Another aspect that the frame 
work bnngs to the NARS, often for 
the fIrst time, IS multidisCIplmary 
research Most NARS are orgamsed 
along disCIplmary lmes-allimal nu
tntlomsts separate from plant SCIen 
tistS, separate from economIsts and 
so on Usmg as It does a producer 
to-consumer systems approach, the 
conceptual framework demands m-

puts from a WIde range of diSCI
plmes BUIldmg the Imkages needed 
to develop a multidiSCIplmary re
search programme strengthens the 
NARS' research, mcreasmg the prob 
abIlIty of Identlfymg and addressmg 
the cntlcal Issues and theIr mter
actIOns that constram daIry pro
dUCtlVlty and profItabIlIty 

Another Important capaclty
bUIldmg element of these collabora 
tlve projects IS that they mvolve 
graduate students, regIstered WIth 
Ulliversltles m eIther theIr home 
countnes or overseas The ongmal 
KARI/ILRI collaboratIve project at 
the Kenya coast, for example, m
volved eight NARS SCientIsts who 
were workmg towards graduate de
grees, four PhDs, and four MScs 
These natIOnal researchers brought 
a WIde range of skIlls to the proJ
ect, and theIr lmks WIth umver
sities drew m an even WIder group 
of SCIentIsts to address the pnonty 
research Issues A key advantage of 
graduate students workmg wlthm 
such collaboratIve projects, rather 
than gomg off to a ulliversity to do 
theIr studIes, IS that they remam m 
theIr ongmal mstltute, workmg on 
problems dIrectly relevant to theIr 



reglOn and to theIr fu ture research 
programmes Many SClentlsts who 
leave theIr mstitutes to study for 
graduate degrees never return to 
then ongmal project or even then 
ongmal employer, these collabora 
tive NARS/ILRI projects not only 
develop the skills and knowledge of 
mdividuals, but also encourage 
them to remam withm the NARS 

For ILRI, the bndges these proJ
ects buIld WIth the NARS proVIde 
unparalleled opportumties for gam 

mg expenences and acqumng mfor
matlOn from a WIde range of sys
tems ILRI does not have the 
manpower or resources to mount 
research programmes throughout 
Afnca, let alone globally, lmkmg 
WIth NARS mcreases the InstItute's 
abIlIty to carry out Its mandate 
and speeds progress Expenence 
drawn from so many dIverse sys 
terns and mstitutional enVIron 
ments feeds back mto refmmg the 
conceptual framework and Its meth-

odoiogies to match the needs of 
speClflC regIons and Clrcumstances, 
WIthout losmg the commonalIty of 
deSIgn that proVIdes for croSS-SIte 
and cross country analyses 

Partnerships for the 
future 

The partnershIps ILRI IS bUIldmg 
bode well for the future Stronger, 
more confIdent NARS WIll make 
for better research and develop
ment These models of collabor-
at !On and partnershIp are ready 
now to be taken beyond Afnca m 
the InstItute's purSUit of ItS global 
mandate In collaboratlOn WIth re
glOnal partners ILRI expects to plan 
projects along thIs lme m ASIa dur
mg 1997, and to strengthen ItS 
lmks to the eXlstmg consortIa m 
Latm Amenca and the Canbbean 
and m West ASIa and North Afnca 
These lInkages WIll broaden the 
coverage of contrastmg daIry sys
tems and strengthen the pro
gramme's capaCIty to mterpolate 
and extrapolate results from the 
local to the reglOnal, and from cur
rent to future systems 
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The grass is always greener ... 

Napter grass growing on a small
holder datry farm In Kenya ILRI 
has an extensIve/ WIde-ranging re
search programme on thIS Import
ant forage specIes 
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FInd a crossbred dairy cow In tropical East Afnca and chances are Napier 
grass will be groWIng somewhere nearby In Kenya, farmers plant Napier 
wherever there IS a spare patch of land, even on roadside verges In pnme 
residential areas A recent survey among smallholder dairy farmers near 
Nairobi, Kenya, found that every SIngle farmer was groWIng Napier, and 
there IS an IncreasIng number of spec1ahst 'Napier farmers' groWIng Napier 
to sell to dairy farmers 

Napier (Penntsetum purpureum) IS a perenmal grass Indigenous to sub
Saharan Afnca It IS hardy, Withstands frequent cuttIng, commonly pro
duces over 20 tonnes of dry matter per hectare per year, and hvestock eat It 
With gusto The young, leafy matenal1s highly nutntlOus Grown In mlX
tures With a forage legume, a hectare of Napier IS enough to feed five dairy 
cows for a year 

Sounds good, so what's the catch? There are several, all because Napier 
IS vegetatively propagated-farmers plant pieces of the plant's stem to estab
hsh new plants, rather than plantIng seeds ThiS means that all the Napier 
grass a farmer has IS probably genetically IdentIcal And If the farmer got 
the stems to plant from a neighbour, as IS often the case, then the plants 
Will be genetically 1dentteal to the neighbour's too Across entlfe d1stncts, 
every Napier plant could be genetically 1dentteal If a disease attacks one 
Napier plant In that d1stnct, every plant In the d1stnct IS at nsk Such a 
scenano IS developIng In Kenya at present, With IncreasIng InCidence of 
smut, a fungal disease that attacks many grasses and cereals 

ThiS vegetative propagatlOn also causes problems for gene banks and 
germ plasm d1stnbut10n from two dlrectlOns Seed IS much easier than veg
etative matenal for gene banks to store and handle It can be dned and 
kept almost IndefInitely In cold stores, only occaSionally haVIng to be 
planted out In the field to ensure ItS v1ab1hty And seed IS small and hght 
and thus cheap to d1stnbute Vegetatively propagated plants, on the other 
hand, cannot be stored In a tradltlOnal gene bank, but have to be planted 

out In the field-an expensive and 
often complex task Vegetative ma
tenal IS larger and heaVier than 
seeds, whteh makes It much more 
expensive to send to users And on 
top of that, hve plants or bits of 
them can carry pests and diseases 
and there are stnct quarantIne regu
lations covenng transfer of such 
matenal 

ILRI's gene bank holds about 60 
accessIOns of Napier and several hy
bnds between Napier and pearl mil
let (Penntserum glaucum) All of these 
are maIntaIned In the held at ILRI's 
Debre Zeit research station, In Ethi
opia IlRI's germplasm speclahsts 
have long wanted to know whether 
some of these acceSSions, collected 
from different places and known by 



Napter tS grown extenstvely tn 
East, central and southern Afrtca, 
wllerever crossbred daIry cows are 
found Markets for NapIer are 
developing tn some areas where 
landless farmers, lIke thIs one tn 
Kenya, have to buy In feed for 
thetr cattle 

dIfferent names, were genetlCally 
the same-a strong possIbIhty wIth 
vegetatIvely propagated plants 
They also wanted to know the 
extent of the genetIC vanatlOn rep
resented m the gene bank's collec 
tion WIth such an Important 
plant, It IS vital that gene banks 
gather and store as WIde a range of 
genetlC vanatlOn as pOSSible 

Widespread use, wide
ranging research 
ILRI has an extensIve range of re
search activities on Napier grass, 
rangmg from strategIC research such 
as DNA fmgerpnntmg to Identify 
duplIcate acceSSlOns through to 
fIeld tnals to determme the best ac
ceSSlOns for different agro-ecological 
zones and agncultural systems 

DNA fmgerprmts Identify 
umque accessIOns 

BuIldmg on the molecular genetlC 
expertIse and facIlItIes developed 
for research mammal genetICS, 

ILRI has used DNA fmgerpnntmg 
to answer some of the questlOns 
about the extent of genetIC van
atlOn m ItS Napier collectlOn and to 
Identify duplIcate acceSSlOns A 
study of Napier acceSSions, cultl
vars and hybnds from ILRI's gene 
bank and Napier cultlVars com
monly grown m Kenya, provided 
by the Kenya Agncultural Research 
Institute, showed that DNA fmger
pnntmg can dlstmgUlsh between ac
ceSSlOns and group acceSSlOns by 
genetIC slmllanty Fmgerpnntmg 
clearly separated the mam group of 
NapIer acceSSlOns from a pearl mil 
let sample, With three of the four 
supposed hybnds shown as genet! 
cally mtermedlate between the two 
groups The fourth 'hybnd' was 
mdIstmgUlshable from the mam 
NapIer group, strongly suggestmg 
that It IS pure Napier, rather than a 
hybnd 

Withm the mam NapIer group, 
fmgerpnnts could be used to group 
acceSSIOns that were genetically 

SimIlar For example, the fmger
pnnts of cultlvars French Cameroon 
and Clone13 were almost mdls
tmgUlshable from each other, 
suggestmg that they are very 
closely related ThiS IS consistent 
With reports that Clone13 was bred 
from cultivated Napier SimIlar to 
French Cameroon The technique 
showed that three samples of Bana, 
purportedly a Napier-pearl mIllet hy
bnd, are genetically alIke and that 
cultlvar Uganda Hairless IS closely 
related to thIS group Uganda Hair
less was bred from Bana The fmger
pnnt of Bana clearly showed that 
It IS pure Napier and not, as some 
people have suggested, a hybnd 

Interestmgly, the groupmgs ac
cordmg to genetic fmgerpnnts were 
very SImilar to those based on mor
phologICal characters m the fIeld 
Used together, DNA fmgerpnntmg 
and morphologICal charactensatlon 
provide more mformatlOn than has 
been avaIlable to germplasm speCIal
IStS m the past 
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Tissue culture for storage 
and distributIOn 

ILRI has conducted a range of ex
penments on the use of In Vitro cul
ture for a vanety of purposes, 
mcludmg In vitro storage and dIs 
tnbution, and the ehmmatlOn of 
VIrus dIsease 

Mamtammg a NapIer germplasm 
collectlOn takes a lot of space and 
effort NapIer can be kept In vitro 
but the plantlets outgrow the tubes 
that house them after only one or 
two weeks Recent tnals at ILRI 
suggest that a plant hormone, 
abscisiC aCld, can be used to slow 
the growth of NapIer plantlets 
enough for them to be stored for 
up to 24 weeks, WIthout losmg 
theIr VIgour ThIS makes In vitro 
storage a much more practIcal prop 
oSltlOn It IS Important also for dIS
tnbutmg NapIer In vitro, as the 
plantlets tended to outgrow theIr 
tubes whlle m tranSIt 

Dunng 1996, ILRI found eleph 
ant grass mosaIC VIruS m ItS NapIer 
collectlOn and used In vitro culture 
to 'clean' the VIrus from several ac
ceSSlOns The VIrus was ehmmated 
by takmg small sectlOns of shoot 
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tIps-the cells of whIch are usually 
VIruS free even m mfected plants-, 
growmg plantlets from these In 

vitro, takmg sectlOns of the shoot 
tips of the In vitro plantlets and re
peatmg the process By the end of 
the year ILRI had establIshed Virus
free cultures of 20 acceSSlOns 
Enzyme lmked Immunosorbent as
says (ELISAs) have shown that the 
cultures are free from the vuus and 
can safely be planted out m the 
fIeld and dIstnbuted 

AcceSSIOns show Wide 
adaptatIOn 

Three NapIer acceSSIons performed 
well across a WIde range of agro
ecologIcal zones m a multllocatlOnal 
tnal orgamsed by the Afncan Feed 
Resources Network (AFRNET) 

The tnal, started m 1992, was 
carned out at eIght SItes m Cote 
d'IvOlre, EthlOpIa, Ghana, Kenya, 
Nigena, Tanzama and Uganda, 
covenng humId, subhumld and hIgh
lands zones AltItudes ranged from 
66 to 2400 metres above sea level, 
and ramfall ranged from 900 to 
1900 mm a year SClentists evalu
ated several NapIer acceSSIons and 

DIseases are eastly transmttted 
wah vegetatIvely propagated 
plants ltke NapIer lLRI IS u'>mg 
In VItro culture to clean Its germ
plasm collectton of dl'>ease'> and to 
prevent spread of pathogens 

hybnds from the InternatIonal 
Crops Research InstItute for the 
SemI And TropICS (ICRISAT), IndIa, 
and local NapIer acceSSIons 

DespIte the Wide range of condi
tIons one accessIOn (16798) was 
amongst the highest Yleldmg hnes 
at all eight SItes Two other ac 
cessIOns were amongst the hIghest 
Yielders at SIX or more of the eight 
SItes SClentists m AFRNET and 
theIr colleagues m the Cattle Re
search Network, CARNEr, are now 
studymg these and other 'best bet' 
acceSSIons m feedmg tnals to deter
mme theu nutntive value and 
abIhty to proVIde year-round feed
mg for crossbred daIry cattle 

From the gene bank to 
the field 
ThIS WIde range of mterrelated 
studIes IS targeted at a smgle goal
puttmg healthy plants of the best 
acceSSlOns of NapIer grass m 
farmers' fIeld to mcrease lIvestock 
productlOn The results from thIS 
work are feedmg mto productIon
system research throughout sub
Saharan Afnca conducted by both 
ILRI and the mstltute's partners m 
Afncan agncultural research sys
tems (NARS) 

From the gene bank to the 
farmer's fIeld, ILRI and Its NARS 
partners are workmg to proVIde 
SClentists and development workers 
WIth the knowledge and matenal 
they need to Improve the lot of 
smallholder farmers m the develop
mg world 



Forage legumes boost livestock 
and crop production 
Appropnately managed forage legume pastures 10 subhumld West Afnca can 
support up to eIght tImes as many cattle as natIve pasture and can more 
than double subsequent crop YIelds, recent studIes by ILRI show 

The human populatIOn 10 West Afnca's subhumld zone IS growmg rap
Idly, through both hIgh bIrth rates and ImmIgratIOn from both the semI-and 
zone and from densely populated wetter areas The regIOn was relatIvely 
sparsely populated 10 the past because Its soIls are poor and rapIdly degrade 
under croppmg Producmg enough food for the growmg populatIOn whIle Im
provmg the soIls and protectmg the enVIronment can best be achIeved by 10-

tegratmg crop and hvestock productIOn, espeClally through growmg forage 
legumes as part of croppmg systems 

Potential for crop-livestock systems 
Appearances can be deceptIve In the dry season 10 West Afnca's subhumld 
zone, cattle may be standmg chest-deep 10 grass, glvmg the lIDpressIOn that 
they have plenty to eat Certamly; there IS a lot to eat, but for most of the 
year thIS bIOmass has the nutntIOnal value of your average cardboard box 
Eatmg dry-season fohage wIll do the ammals httle good Indeed, there IS so 
httle protem 10 dry-season fohage that the mIcrobes 10 the ammals' rumens 
cannot functIOn well enough to break down the fIbrous mass and thIS lImIts 
the amount the ammals can eat 

Supplementmg thIS dry, fIbrous feed WIth green leafy matenal that con
tams plenty of protem can dramatIcally mcrease the dlgestlblhty of the 
whole dIet and boost hvestock growth and mIlk productIOn, espeClally 10 

the dry season And If the green 
leafy matenal comes from legumes 
-plants that can, 10 concert WIth 
speClahsed bactena hvmg 10 sym
bIOSIS 10 nodules on the plants' 
roots, take mtrogen from the aIr 
and 'fIx' It 10 a form that plants 
can use-grown as part of croppmg 
systems on the farm, subsequent 
crop YIelds also can be mcreased 

ILBI's research in the 
subhumid zone 

ILRI has been studymg lIvestock pro 
duetlon problems 10 the West 
Afnean subhumld zone for nearly 
20 years Developments from thIS ef
fort mc1ude legume fodder banks-

It mIght look ltke there IS plenty of 
feed avatlable for these cattle, but 
what there IS IS hardly worth the 
effort of eatmg It Forage legumes 
can supplement thIS dry-season 
forage and boost ltvestock pro
ducttvtty 
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Crop resIdues provIde much of the 
dry-season feed tn smallholder 
production systems Unless sup
plemented wtth better qualIty 
matenal, they are unltkely to 

support much productIOn 

dense legume pastures to unprove 
dry-season cattle feedmg, m1ll1 
fodder banks, where smallholders 
keep sheep and goats on fenced leg
ume pastures dunng the wet season 
both to Improve theIr productIVIty 
and to prevent damage to crops, 
and a vanety of systems for mter
croppmg food crops With feed leg 
umes ThIs work was supported by 
an extensIve programme evaluatmg 
forage legumes m the zone 

WIth funds from the German 
government, ILRI has tested over 
1000 acceSSlOns of herbaceous for
age legumes, fodder trees and 
grasses m the West Afncan sub
hUmId zone smce the mId-1980s 
ThIS work also lInked With a senes 
of tnals m West Afnca of matenal 
from the InternatlOnal Center for 
TropICal Agnculture (ClAT) ColombIa 
ClAT has focused much of Its for 
age work on IdentIfymg speCIes and 
acceSSlOns that perform well on the 
red aCId soils m South Amenca 
These sous and condItlOns are very 
SImuar to those m the subhumld 
and denved savannah zones m 
West Afnca The CIAT related West 
Afncan forages network tested 
some of the best acceSSlOns from 
South Amenca m West Afnca, fmd
mg several acceSSlOns that per
formed well m theIr new home 
ThIS reCIprocates the contnbutlon 
to South Amencan lIvestock pro-
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ductlOn of grasses of the genus 
Brach/ana, many of whIch ong
mated m Afnca These grasses are 
now probably the most Widely dlS
tnbuted sown forages m the trop 
ICS Brazil alone has between 30 
and 70 millIon hectares of 
Brach/ana pastures 

Over the past three years, agam 
wIth German support, ILRI's team 
m subhumId West Afnca has devel
oped a range of management sys
tems that will help farmers get the 
most out of the promIsmg her
baceous legume acceSSlOns Ident
IfIed These systems mcluded grass
legume mIxtures for supplementmg 
calves and legume-legume mIXtures 
for supplementmg mIlkmg cows 
Much of thIS work was done m col 
laboratlOn With the Umverslty of 
HohenheIm, Germany 

Legume mixtures 
ILRI's earher evaluatlOn work had 
IdentIfIed several acceSSlOns of le
gume speCIes that grew well m the 
West Afncan subhumId zone, m-

cludmg Aeschynomene h,StrlX, Centro
sema brast!/anum, C pascuorum, C 
pubescens, Chamaecrlsta rotundlfolla, 
Stylosanthes gUlanensls and S hamata 
The InstItute has tested large collec 
bons of these speCIes to IdentIfy ac
ceSSlOns best adapted to the agro
ecologIcal zone None of them, how
ever, IS Ideal Centrosema pascuorum 
establIshes well but soon dIsappears 
from a pasture, crowded out by 
grasses Centrosema bras,l,anum and 
C pubescens establIsh slowly but 
stay green m the dry season Aeschy
nomene h,StrlX, Stylosanthes gUlanensls 
and S hamata establIsh well and 
persIst 10 a pasture for several seasons 
but do not stay green throughout 
the dry season On theIr own, none 
of them are Ideal, but 10 the nght 
mIxture, they mIght proVIde sustam
able, year-round graz10g 

ILRI focused ItS efforts on leg
ume mIxtures, rather than the 
more commonly used grass-legume 
mIxtures, because of a shortage of 
labour, not land Farmers are reluc
tant to devote much money and ef
fort to provIdmg feed for theIr 
hvestock, focusmg theIr resources 

Cattle graztng natural pasture supplemented wtth legume graztng 
gatned up to 140 g a day durtng the dry season Those graztng only 
natural pasture lost 58 g a day By the end of the dry season, antmals 
that had access to legume pastures wetghed an average of over 30 ktlo
grams more than those that grazed only natural pasture 



on staple food crops Stock m the 
zone commonly get most of thelf 
feed from ummproved rough pas
tures ILRI's research has shown 
that small areas planted with for
age legumes can be used to sup
plement thIS low-quahty bulk feed, 
boostmg hvestock productIVIty 

ILRI's research on legume mIX
tures culmmated m a large-scale 
grazmg tnal testmg four legume 
rruxtures as pastures used to sup
plement the dIets of young heifers 
The dIfferences were dramatIc dur
mg the 1994/95 dry season, heIfers 
grazmg the best legume mIxture 
gamed an average of 140 glday, 
whde those that grazed only on un
tmproved pastures lost 58 glday All 
the ammals grew at simdar rates 
dunng the wet season, so dIffer
ences m dry-season performance 
were mamtamed throughout the 
tnal 

Boosting crop yields 
But pasture is not the only use for 
forage legumes Incorporated m ro
tatlOns wIth food crops, legumes 
cover the sod and protect it from 
ram and water eroslOn, help Im
prove sod fertihty and sustam food 
crop Yields Faced with shortages of 
land, labour and mputs, farmers are 
more hkely to mvest money and ef
fort m forage legumes If theIr crops 
benefIt too 

In a tnal of a range of her 
baceous legumes and shrubs, two 
herbaceous legumes-Stylosanthes 
gutanensts and Aeschynomene htstrtx
combmed good forage Yields wIth 
the abihty to regenerate vIgorously 
from seed after a cereal crop and 
markedly mcreased the Yields of a 
subsequent maize crop Maize 
grown on plots that had been 
under these two legumes for only a 

year Yielded almost two-and-a-half 
times as much gram as maIze that 
was planted on land that had been 
under a natural fallow for the same 
penod (maIze gram Yields were 4 7 
tonnes per hectare followmg S 
gutanensrs, 4 2 t/ha followmg A 
htstrrx and 1 9 t/ha followmg natu
ral fallow) These Yields were eqUlv 
alent to those obtamed by applymg 
90 kilograms of fertlliser mtrogen 
per hectare to natural fallow plots 
Two other herbaceous legumes
Centrosema macrocarpum and Centro
sema pubescens-grew back better 
than the other legumes after bemg 
grazed m the dry season and also 
grew back well after the maize crop 

These results demonstrate that 
herbaceous legumes can provIde 
extra feed for hvestock whIle help
mg restore soil fertilIty and dramatI
cally mcrease the Yields of 

MaIze grown followmg legumes 
YIelds over tWIce as much gram as 
matze followmg natural pasture 
MaIze graIn YIeld 
(Vha) 
6 

5 

4 

3 

2 

o 
Natural fallow A hlstnx S gUianensls 

subsequent food crops But farmers 
WIll take up forage legumes as part 
of their croppmg system only if 
they do not entail a lot of extra ex
pense and work These legumes all 
were able to re-estabhsh themselves 
after havmg been cut back and 
ploughed mto the sot! when the 
maize crop was planted and could 
thus be used m sustamable legume
food-crop rotatIons on farmers' 
fields 

Intensifying production 
With more and more people to 
feed, farmers are cultivatmg more 
land The nsk of contmuous culti
vation to these poor, fragde sods is 
huge, but mtegratmg crop and hve
stock productlOn offers ways to m
crease production whtle protectmg 
the enVIronment Farmers might 
grow forage legumes because they 
mcrease cereal Yields They might 
plant legumes to feed their hve
stock better and mcrease farm m
comes They might even plant 
legumes to improve and protect the 
sot! Chances are, farmers are more 
hkely to plant legumes for a comb 1-

natlOn of these reasons 
Crops and lIvestock-together, 

they can feed more people and pro
tect the enVlfonment for future 
generatlOns 
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Marker-assisted breeding 
programmes 

MIlktng an N'Dama cow, a 
trypanotolerant breed from West 
Afrtca Marker-assIsted breedtng 
schemes WIll help antmal breeders 
combtne the best characterIstics of 
breeds to create new, more produc
ttve breeds 
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New breedmg tools based on Identlfymg ammals wIth desIrable genes even 
before they are born hold promIse for developmg new strams of more pro
ductIve hvestock adapted to speClfic farmmg systems 

Many of the traIts ammal breeders want to select for are dIffIcult to 
measure dIrectly As one WIt put It, 'You try breedmg from an arumal once 
you've sampled ItS meat quahty or measunng mIlk productIon m a bull' 
Other traIts, such as dIsease resIstance, take a long tIme to measure accu
rately You may have to walt unttl an ammal IS several months old, then ex
pose It to the dIsease and see what happens Even then, the envIronment 
-chmate, feed avatlablhty, many other factors-wtll affect how the ammal 
responds to dIsease challenge And Just fmdmg out how strong that chaI~ 
lenge IS may be fraught wIth dIffIcultIes 

Enter genetic markers 
If SCIentIsts can fmd a 'marker' for the genes they are mterested m, let's say 
the genes controllmg trypanotolerance, they need only check an ammal for 
that marker to know If It has the gene or not These markers can be any
thmg that IS mhented and dIffers among mdividuais m a populatIOn-coat 
colour, eye colour, thmgs lIke that But what ammal and plant breeders are 

lookmg at now are genotypIc markers
sequences of DNA that are found at a par
tIcular pomt on an ammal's or plant's 
genome and 'mark' that pomt SClentists 
collaboratmg on the global bovme genome 
mappmg project, mc1udmg ILRI SCIentIsts, 
have IdentIfied over 1000 such markers 
spread along the genome Similar markers 
have been found and mapped for mICe and 
other ammal and plant speCIes 

Usmg thiS map, geneticists can begm to 
fmd out how many genes are mvolved m 
controllmg a partICular trait, and can fmd 
out where they are m the ammal's genome 
SCientists around the world are already 
usmg thiS map m their search for genes for 
resistance to a varIety of diseases, improved 
mIlk productiOn and beef qualIty At ILRI, 
the pnnCipal search is for the genes control 
hng trypanotolerance 

ILRI's search for the genes c.ontrollIng 
trypanotolerance dates back to 1989 'Back 
then,' says Dr Alan Teale, an ammal geneti 
CiSt workmg at ILRI, 'we dIdn't know how 
many genes were mvolved or where they 
were We knew we had N'Dama cattle that 



were reSIstant to trypanosomIaSIS 
and Boran cattle that were suscep
tIble, and we knew that reSIstance 
was mhented That's all we knew' 

But they also had strams of lab
oratory mIce that were reSIstant to 
trypanosomIaSIS and others that 
were susceptIble to the dIsease So 
they started out to fmd the 
trypanotolerance genes m these 
Workmg WIth mIce IS eaSIer, 
cheaper and qUIcker than working 
WIth cattle They are easIer and 
less expenSIve to keep than cattle, 
reproduce faster, produce more off
spnng each time, and the offspnng 
mature after only a few weeks 

To fmd out how many genes 
control trypanotolerance, ILRI cre
ated a populatlOn of laboratory 
mIce that was segregatmg the 
genes, 1 e some of the mICe have 
the genes and some do not They 
dId tills by crossmg trypanotolerant 
ammals WIth susceptIble ammals, 
creatmg F 1 crosses Animals have 
two copIes of each of theIr chromo
somes In the F l' one of the chro 
mosomes comes from, for example, 
the trypanotolerant father and 
hence carnes the genes for trypano 
tolerance, and one chromosome 

Trypanosomiasis costs farmers, governments and the 
environment 

The tsetse fly-a fly a blt bigger than the common house fly but With 
a taste for blood and a ViCiOUS blte--mfests over 10 rrullton square ktlo
metres of land m Afnca, an area larger than the whole of the USA 
Where there are tsetse fhes, there IS trypanosomlaslSt a vIrulent dIsease 
affectmg hvestock and humans The dlsease 15 caused by smgle-celled 
paraSItes, trypanosomes1 whIch are earned by the tsetse fly in the way 
the malana paraSIte 18 carned by the mosqUlto Unless treated, trypano
somIaSiS causes heavy proouctton losses and often eventually kills the 
arumal 

About 160 mIllion cattle and a SimIlar number of sheep and goats 
are at nsk of trypanosomiasIs m Afnca Evety year, the dIsease costs 
Afnell. over US$ 500 mllhon m lost meat and m1lk production, lost trac
tion power and programmes to try to control the disease 

But m many areas farmers slmply cannot keep hvestock because the 
flsk 1S too great And WIthout hvestock, crop farmers have no way to 
transfer nutrIents from pastures, scrubland and steep slopes to thetr 
nelds and they lose the opportumty to convert theIr crop reSIdues and 
by-products mto valuable products such as meat and ffillk Tills loss m 
potenttal hvestock and crop productlOn has been estlmated at US$ 5 
bIllIOn a year 

comes from the susceptIble mother 
and hence carnes the eqUIvalent sus
ceptIble genes When mbred labora 
tory mouse strams are used, all the 
offspnng from a gIven matmg are 
genetIcally the same 

When tnbred laboratory mouse stratns are used, all the Ft offsprtng are 
genettcally the same But the F2s receIve a mIxture of the chromosomes of 
the two parents of the F1 Genettclsts can use thIS Isegregattng popu
lattOn' to locate genes they are tnterested tn 

But when the F1s make theIr 
gametes (sperm and eggs), the two 
chromosomes 'mIngle' In a process 
called recombmatlOn The result IS 
that each chromosome passed mto 
the gamete IS a mIxture of the chro
mosomes from the two parents of 
the F 1 Some Will have all the genes 
for trypanotolerance, some only 
some of them and some WIll have 
only the susceptIble genes ThIS 
wtll be true for both the male 
gametes, the sperm, and the female 
gametes, the eggs So m the F2, the 
cross formed by matmg an F 1 w1th 
another F l' you WIll get ammals 
WIth all pOSSIble combmatlons from 
those WIth all the tolerance genes 
on both chromosomes to those 

Chromosome pair 
of a resistant 
mouse strain 
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b,. Tolerant form of a gene 
• Susceptible form of same gene 

WIth all the susceptIble genes on 
both chromosomes and everytillng 
m between 

If these F2 ammals are mfected 
WIth trypanosomes, you get a 
range of 'degrees' of trypanotoler
ance, from very susceptIble to very 
reSIstant The assumptIon at thIS 
pomt IS that the very susceptIble 
ammals have only susceptible 
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Zebu cattle tn the GlItbe valleYI 
EUltopla Zebus are susceptible to 
trvpanosomlasls and have to be 
treated regularl~ \Vuh trypano
udal drugs to keep them tn tsetse
/tlfested area, Itke the Ch/be val
h V Breedtng trvpallotolerance 
/tlto stich an1l11a/s would benefit 
farmerc; throllghollt tsetse-l1lfestcd 
Afrtea 

genes, and the very resistant ones 
have only tolerant genes So the 
next step IS to fmd out whICh bits 
of the resistant grandparent's 
genome went Into the resistant F2s 
and which tJlts of the susceptible 
grandparent s genome went Into 
the susceptIble F2s 

ThIS IS where the markers come 
m There are known markers all 
along the genome, and the markers 
at any gIVen pomt dIffer between 
the susceptible and tolerant strams 
By checkmg WhICh of these markers 
are present m each of the F2s, the 
SCientists can tell whICh bIts of the 
tolerant grandparent's genome went 
only mto the tolerant F2s and 
whIch bIts of the susceptible grand-

parent's genome went only mto 
the susceptIble F2s ThIS gIVes the 
fust mdIcatIOn of how many re
gIOns of the genome carry genes af 
fectmg tolerance, where they are 
and how much of the tolerance can 
be attnbuted to these regIOns 

Crossmg F2 ammals mcreases 
the degree of mmglmg of the 
genetIc matenal and effectIvely 
shortens the 'length' of the pIeces 

F2 antmals show a range of tolerance to trypanosomtasts The assumptton 
ts that those that are hIghly suscepttble have only genes for suscepttblfttYI 
whtle hIghly reststant antmals have only genes for trypanotolerance 
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• very susceptible ammals 

• very resIstant ammals 

Degree of disease resistance 

swapped between the chromosomes 
Checkmg agam whICh markers are 
present m the tolerant ammals' 
genome gIves a clearer mdIcatIOn of 
where the putatIve genes for toler
ance are And so forth, through sev
eral generatIOns ILRI has now gone 
as far as the F 6 generatIOn of ItS 
crosses between trypanotolerant 
and susceptIble laboratory ammals 

ThIS mappmg has IdentIfIed 
three regIOns of the genome that 
carry the genes for trypanotoler
ance-m the laboratory ammals 
Three putatIve genes that account 
for nearly all of an ammal's genetIc 
abIlIty to control trypanosomIasIs 
In laboratory ammals 

What about cattle? 

All well and good, but what about 
cattle? 

Back m 1989 ILRI started an ac 
celerated breedmg programme cross 
mg four trypanotolerant N'Dama 
bulls With susceptIble Boran cows 
usmg embryo transfer Cows were 
mduced to produce more eggs than 
normal These were then fertIlIsed 
by artIflCIal msemmatIOn and the 
embryos implanted m Boran foster 
mothers Crossmg the F 1 ammals 



ILRI has crossed N'Dama bulls wtth Boran cows, ftke these, and crossed 
the hs to produce a cattle populauon segregatmg for trypanotolerance 
genes Early results mdtcate that at least one of the regtons that carry 
genes for trypanotolerance m mtce also contrtbutes to trypanotolerance m 
cattle 

produced started m February 1992 
and the &rst F2 calves were born m 
November 1992 These fIrst F2 aru
mals were mfected WIth trypano 
somes m November 1993 and the 
search for DNA markers assocIated 
WIth trypanotolerance was started 
By the end of 1996, almost 150 F2 
ammals had been exposed to 
trypanosomes, theIr trypanotoler 
ance assessed and theIr DNA partly 
screened 

'It IS early days yet,' says Teale, 
'but It looks as If at least one of 
the regIons that we found to carry 
resIstance genes m the laboratory 
anImals also contnbutes to resIst
ance m cattle And It looks hke tills 
"gene" may account for most of 
the dIfference m t~ypanotolerance 
between resIstant and susceptIble 
cattle types' 

Where to next? 

Once SCIentists have IdentIfIed 
markers for the genes breeders are 
mterested m, they can be used to 
speed breedmg programmes to mcO! 
porate those genes m other breeds 

or strams of the arumal For 
example, If you want to mcorporate 
trypanotolerance m the Boran breed 
you would start out by crossmg an 
N'Dama wIth a Boran to gIve an 
Fl-50% N'Dama, 50% Boran You 
would then backcross the Fl to a 
pure Boran The resultmg offsprmg 
would be 75% Boran and 25% 
N'Dama Usmg the markers, the 
arumal breeder can IdentIfy whIch 
of the offspnng carry the tolerance 
genes, whIch do not, wIthout 
havmg to walt for them to mature 
and then test them for trypanotoler
ance Those WIthout the genes for 
trypanotolerance could be removed 

from the breedmg programme at 
bIrth, dramatIcally reducmg the 
number of arumals that the pro
gramme would have to support 

The remammg arumals would 
then be backcrossed agam to the 
Boran, gIvmg offsprmg that were 
87 5% Boran and only 12 5% 
N'Dama And, agam, usmg the 
markers, the SClentlst can IdentIfy 
the tolerant arumals If the breeder 
keeps domg these backcrosses, the 
end result IS an arumal that IS 
almost pure Boran but that has 
Just those bIts of the N'Dama 
genome that carry the tolerance 
genes And tills process does not 
have to be used only WIth Mncan 
breeds why not a trypanotolerant 
Jersey cow? 

Not just 
trypanotolerance 

ThIS process can be apphed to any 
other measurable traIt, not Just 
trypanotolerance ILRI IS, for 
example, collaboratmg WIth m
stltutes m Europe that are search
mg for the genes that control rrulk 
productIon If, or rather when, 
markers for these genes are Ident
IfIed, breeders could mcorporate 
both rrulk productIon and trypano
tolerance m theIr selectlOn cntena 
UltImately, breeders could be m a 
positlOn to create 'deSIgner' aru
mals, new genotypes that combme 
the sorts of genes needed for 
specIfIc productIon systems That, 
however, IS still a long way off and 
qUIte speculatIve No-one knows If 
such arumals would be vIable, If 
such combmatlons of genes would 
work together But It'S a thought 

Non-genetic 
interventions 

For marker-assIsted breedmg pro
grammes, the level of 'resolutIon' 
(the proXImIty of markers and 
genes) needs to be only faIrly 
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coarse In the F2 generatlOn In the 
laboratory mIce the reglOns that 
have been IdentIfIed as carryIng 
genes for trypanotolerance are 10 
centlMorgans long, about 10 milllon 
base pam-and that length of 
DNA could hold several hundred 
genes 

In F 6 ammals, the resolutlOn of 
the map should reduce to only one 
or two centlMorgans, only one to 
two mllllon base pam At that 
level of resolutIon, the SCIentIsts 
can start thInkIng about tryIng to 
IdentIfy what genes are In that seg
ment, and what they produce Say, 
for example, there IS a gene In that 
sectlOn that produces a hormone 
that stImulates productlOn of red 
blood cells AnaemIa IS a maJor fea
ture of trypanosomIasIs, and the 
abIlIty to maIntaIn hIgh levels of 
red blood cells IS a feature of 
trypanotolerance Thus, thIS hypo
thetIcal gene would be a strong can
dIdate for beIng a gene that confers 
trypanotolerance 

As yet, few genes have actually 
been mapped In cattle But large 
parts of DNA are 'conserved'-I e 
the same-across speCIes, even If 
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they are on dIfferent chromosomes 
For example, SClentists have found 
that the genes on chromosome 23 
In cattle are largely the same as 
those on chromosome 6 ill humans 
And many of the genes In the 
human genome have been IdentI
fIed So SClentists workmg on cattle 
or laboratory arumals can look at 
the human databases and see what 
genes are beIng found ill the areas 
the arumal SCIentIsts are illterested 
In 

There are two maIn reasons for 
gOIng after the genes themselves 
FIrstly, If, for example, we can 
clone the genes for trypanotoler
ance, we could move the genes be 
tween ammals, rather than movIng 
chunks of genome by marker-assIsted 
breedIng And secondly, If we fmd 
the genes that control trypanotoler
ance, we wIll know what those 
genes do If we know what the 
genes do, we wIll know the molecu
lar baSIS of the traIt And If we 
know the molecular baSIS of the 
traIt, we mIght be able to develop 
new vaCCInes or drugs to promote 
the traIt 

Marker-assIsted breeding tech
ntques are appltcable to spectes 
other than cattle/ characters other 
than dIsease resIstance and In all 
parts of the world 

Where are we now? 
ILRI has now found three reglOns 
of the genome that carry genes 
controllIng trypanotolerance In lab
oratory mICe and has almost com
pleted fIne mappIng work on F6 
crosses between trypanotolerant 
and susceptIble mICe ILRI SCIentIsts 
have started mappIng the reglOns 
that carry genes controllIng trypano
tolerance USIng crosses between 
trypanotolerant N'Dama cattle and 
susceptIble Boran cattle Early IndI
catIOns are that the reglOn carrY10g 
the maJor gene for trypanotolerance 
In laboratory mICe IS the same In 
cattle, fuellIng hopes that the other 
two reglOns may also be the same 
10 both speCIes If thIs pans out, 
we WIll be able to contInue work
mg WIth laboratory ammals, rather 
than cattle, to IdentIfy the genes 10-
volved, whIch wIll speed progress 
and reduce costs 

Together WIth SCIentIsts of the 
Wagenmgen InstItute for AnImal 
SCIence, The Netherlands, and the 
Hebrew Umverslty of Jerusalem, 
Israel, ILRI SCIentIsts are already 
plannIng to use markers to Intro
duce the trypanotolerance genes of 
N'Dama cattle Into Boran cattle 10 
East Afnca In West Afnca, In col
laboratIon WIth the InternatlOnal 
Trypanotolerance Centre (ITC) In 
The GambIa, the markers WIll be 
used to help ensure that, as Euro
pean daIry cattle are crossbred WIth 
N'Damas, the 'Improved' offspnng 
will retaIn the Important trypano 
tolerance of the N'Dama 

The day when large beef breeds 
are reSIstant to trypanosomIasIs 
and when trypanotolerant lIvestock 
have greatly Improved milkIng 
charactenstics may be gettIng closer 



Networking - building 
for the future 
'Before the network, small rumInant research was margInahsed In the 
NARS [natIOnal agncultural research systems] In sub-Saharan Afnca, with 
httle direct Investment In research and only a handful of SClentlsts dOIng 
any work on small rumInants,' says Professor Sahr Lebble of the Impact of 
the Afncan Small RumInant Research Network (SRNET) 'Today, there are 
over 90 NARS SCientists In 28 NARS InstitutIOns directly Involved In collab
orative research proJects supported by SRNET' 

Sahr, a former chairman of the network's steenng committee and now 
ItS co-ordInator, has many numbers at his disposal to provide eVidence of 
the value of SRNETs efforts Possibly the most telhng, however, IS that In
vestment by ILRI and donors-pnmanly the European Development Fund
In promotIng and supportIng the network's collaborative research with 
NARS In sub-Saharan Afnca (a total of about US$ 12 mllhon by the end of 
1996) has leveraged over two and a half times as much money from the 
NARS Institutes as their contnbutlOn to the ImplementatIOn 
of the proJects 

The network was set up In 1989 by ILRI and ItS NARS 
partners to 
• promote stronger partnerships between ILRI and the NARS 

and among the NARS 
• help bUlld the small rumInant research capacity of the 

NARS and 
• help leverage resources to support collaboratIVe research, 

traInIng and InfOrmatIOn exchange activities In the NARS 
Its key activities are In collaborative research, traInIng and 

InfOrmatIOn exchange 

Promoting research in NABS 

The network's programme of collaborative research activities 
has encompassed 45 proJects In 17 sub-Saharan Afncan 
countnes SInce 1992 These numbers hide some startlIng 
statlstlcs 

In many cases, the network proJects are the only small 
rumInant research In the NARS Sixty per cent of the NARS 
Institutes studYIng small rumInants under the network had no 
Infrastructure for small rumInant research before startIng on 
the network proJect About a fifth of those NARS that did 
have the Infrastructure did not have any operatIOnal funds to 
carry out research In about half of these Institutes, the only 
livestock research IS that supported by the network 

In additIOn to the research aspect, these proJects serve as a 
baSIS for strengthenIng the research staff of the NARS, they 
have provided the baSIS for 10 Bachelors, 8 Masters and 
5 PhD theses 

Small ruminants tend to get less 
research attentIOn than cattle 
desptte thetr tmportance In many 
productton systems The Afrtcan 
Small Ruminant Research Net
work has helped redress the 
balance 
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Broad-based training 
The second key element of 
SRNET's activities IS trammg Be 
tween 1990 and 1996, 120 NARS 
staff took part m SRNET trammg 
actlVltles, 110 of them attendmg 
the Small Rummant ProductIOn 
TechnIques course offered by ILRI, 
latterly With fundmg from the Euro
pean Development Fund 

The network keeps track of ItS 
alumnI, and most of them are still 
closely mvolved m small rummant 
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research and benefItmg from their 
expenences at ILRI Over a third of 
those tramed by ILRI are today 
leadmg the network collaborative re 
search teams m theIr countnes and 
60% are mvolved m the research A 
fifth of them hold admmlstratlve 
posItions m their home NARS 

BUIldmg on this extensive expen
ence, the network has developed a 
trammg manual This will be pub 
hshed m 1997 and will help the 
NARS take over and extend the 
trammg the network has offered 

Isolation hampers 
progress 
Access to up to-date mformatIOn IS 
the cornerstone of any successful re
search effort, and IS an area the net
work has focused Its efforts on 
Many, If not most, NARS have 
httle ready access to mformatIOn 
through regular channelS-Journal 
subscnptIOns cost too much for 
most NARS IIbranes and modern m
formatIOn tools lIke the Internet 
and documentatIOn databases are 
out of their reach Most NARS 
sCientists work m small groups and 
have few opportunIties for meetmg 
With peers and shanng expenences 
and Ideas 

Breakmg thiS mformatIOn ISO
latIOn was one of the key obJectIves 
of SRNET In the past SIX years, 
the network has hosted four SCIen
tifiC conferences, each attractmg 80 
to 100 participants and an average 
of 47 oral presentatIOns from mter
natIOnal and natIOnal research or
ganISatIOns The network has 
publIshed proceedmgs of these con
ferences and dlstnbuted them 
Widely to NARS IIbranes and staff 
m sub Saharan Afnca 

Broadenmg the partICipant base, 
the network also held eight re 
gIOnal sCientific workshops to plan, 
develop, pnontIse and review the 

Small ruminant mtlk provIdes 
vital nOUrIShment for many 
chtldren-and adultS-in the 
developing world 



On the way to market Women 
and chtldren are often responstble 
for tendmg sheep and goats m 
smallholder productton systems 

small rummant research agenda m 
the NARS 

But beyond meetmgs to develop, 
plan and report research, the net 
work has contmued to provIde m 
formatlOn support to the proJects 
m progress, producmg a quarterly 
sCIentIfIc newsletter and wIth 
IiRI's InformatlOn ServIces proVId 
mg over 1000 hterature searches 
each year for network SClentists 

ComIP1ex mnteractions 

Presentmg all the components of 
the network's actIvItIes m a lmear 
way, hke m thIS artIcle, behes the 
complex mteractlOns between 
them, mteractlOns that multIply 
the effects of the actIvItIes 

Even the development of the 
network's research programme con 
tnbutes to professlOnal develop
ment and mformatlon exchanges 
The network's research agenda IS 
set by the natlOnal programme 
SCIentIsts through a ngorous partlCI
patory process NARS SCIentIsts 

IdentIfy and pnontlse theIr research 
needs as well as plan and 1m 
plement the research The whole 
process contnbutes to developmg 
research capaClty, self relIance, 

accountablhty and research leader
ShIp m the NARS 

The dIalogue and consultatlOns 
at reglOnal and natIonal levels dur
mg the research plannmg have pro
vIded opportumties for lffiprovmg 
lmkages wlthm and among the 
NARS, and between NARS and IiRI 

And the process does not stop 
wIth SRNET BUlldmg on the foun
datlOns provIded by SRNET, NARS 
sClentlsts m Congo, Ghana, Ma
laWI, Nigena, Rwanda, SwazIland, 
Tanzama, Togo, Uganda, ZaIre and 
ZImbabwe have created natlOnal 
small rummant research networks 
or commIttees Through the efforts 
of network members, small rumI
nant research and development IS 
now a pnonty m the hvestock de
velopment plans of many countnes 
m sub-Saharan Afnca 

IiRI may have been mstrumen 
tal m startmg the Afncan Small 
Rummant Research Network, but 
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there IS no doubt about who 'owns' 
It now-the NARS and the dedi 
cated SCientists who are the dnvmg 
fnrce behmd the contmumg success 
and development of collaborative 
networks m AfrIca 

A new networking 
paradigm 
The world has moved on smce the 
Small Rummant Research Network 
fIrSt started work m 1989 The 
NAR ShavE' est1blIshed national 
and regIOn 11 research prIorIties anJ 
local networks to address them 
They have set up or strengthened 
several regIonal assoCIatIOns such 
as the ASSOCIatIOn for Strengthen 
mg Agncultural Research m Eastern 
and Central Afnca (ASARECA), the 
Conference of Leaders of Agncul
tural Research m Afnca (CORAF) 
and the Southern Afncan Centre 
for Co-operatIOn m Agncultural 
and Natural Resources Research 
and Trammg (SAC CAR) These are 
the entry pomts for many of the 
donors who support agncultural re
search and development m Afnca 

TakIng account of these changes, 
NARS SCIentists mvolved m the col
laboratIVe research networks assocI
ated With ILRI-SRNE~ the Cattle 
Research Network (CARNET) and 
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the Afncan Feed Resources Net
work (AFRNET)-proposed m 
March 1996 to establIsh multldlSCI 
plmary collaboratIVe lIvestock re
search networks alIgned to the 
regIOnal aSSOCIatIOns ILRI IS work
mg With the NARS to set these net
works up and dunng 1997 a new 
network structure for collaboratIVe 
research mammal agnculture wIll 
take shape 

As thiS and other artIcles m thiS 
report show (see Budding natronal ca
paCIty for market orten ted smallholder 

darry research and development and 
The grass rs always greener ), the 
networks ILRI has been assoCIated 
With have multlphed the resources, 
funds and work that have been 
directed at solvmg hvestock pro
duction problems m sub-Saharan 
Afnca The names and orgamsatIOn 
of the networks may change, but 
the aim wIll be the same-more 
and better research that wIll ulti
mately put more food on the plates 
of poor people m the developmg 
world 



Importance of assessing true 
credit constraint 
In EthlOpia and Kenya, a UnIt of credIt gIven to a credIt-constraIned farmer 
has tWIce as much effect on agncultural productIVIty as a UnIt of credIt 
gIven to a farmer wIth adequate access to fInanCIal resources, accordIng to a 
recent ILRI study The study also found that gIVIng farmers agncultural 
traInIng can SIgnIfICantly Increase farm prodUCtIVItY, but only If the farm IS 
not facIng a credIt constraInt 

The study looked both at the supply of credIt from fInanCIal InstItutIons 
In EthIopIa, Nigena and Uganda, partIcularly the bank's credIt allocatlOn 
polICIes, and at demand for credIt In households In the same three countnes 
plus Kenya The household-level study examIned the effects of credIt on up
take of Improved dairy technology, particularly Improved cows and better 
feedIng, In smallholder daIryIng 

Formal lending not tailored to 
smallholder livestock farmers 
All the banks covered by the study-the Agncultural and Industnal Develop 
ment Bank (AID B) In EthlOpla (now the Development Bank of EthIopIa), 
the Nigenan Agncultural and Co-operative Bank and the Uganda Commer 
CIal Bank-had a stated aIm of IncreasIng the flow of InstitutIonal credIt to 
large numbers of smallholder hvestock producers 
The study showed, however, that few smallholder 
hvestock producers obtaIned formal credIt In 
these three countnes Many smallholders could 
not obtaIn credIt because they faIled to meet the 
cntena banks used to screen apphcants The 
Uganda Commerctal Bank, for example, reqUIres 
potential borrowers to show that they have the 
Infrastructure for keepIng hvestock before It wIll 
approve loans In essence, thIS restncts credit to 
relatively well-off farmers who can afford to 
bUIld the Infrastructure before they apply for a 
loan 

The banks generally dId not demand formal 
collateral secunty for the loans, relYIng Instead on 
the personal charactenstICs of potential borrowers 
to determIne their credIt-worthIness WhIle well
IntentIoned, thIS tended to exclude poorer, less In
fluential smallholders, as bank offICIals tended to 
allocate credIt on observable charactenstICs such 
as wealth or Influence In the communIty 

All three InstItutions proVIded subSIdIsed 
loans, WIth funds from the central government or 
from donors ThIS hmited the amount of money 
avaIlable for loans, and credIt was ratIoned 

Credu IS vttal If farmers are to 
adopt new productIOn techntques, 
such as keepmg crossbred datry 
cows But equally Important tS 
makmg sure that credt! goes to 
those who need It most 
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DairYing can dramattcally 
Increase smallholders' Incomes, 
but Inltta! Investments, especially 
In tmproved stock, are htgh 

Another major problem was 
that the malO operatIOns of the 
banks In Uganda and NIgerIa are 
short term loans wIth fIxed repay 
ment patterns These are not Ideal 
for agrIcultural operatIOns, es
peCIally mvestments 10 lIvestock 
Only the AIDB 10 EthIOpia had the 
majorIty of Its portfolIo 10 long 
term loans As the study notes, 
there IS no Ideal loan term, what IS 
Important IS to maIn tam fleXibIlIty 
by relatIng loan terms to factors 
such as the cash flow of the assoCI 
ated activItY, the avaIlabIlIty and 
demand for mputs and rIsk 

The study made a number of 
recommendatIOns, IncludIng the 
need for the credit mstltutlOns to 
re-examme their dehvery systems, 
loan pohcles and loan-term struc
tures It also recommended pohCles 
to mobIlIse savIngs, rather than rely
mg on central government funds or 
donors to provide credIt 

Not all who borrow. . . 

StudIes on the role of credit m tech
nology uptake commonly look at 
dIfferences between borrowers and 
non-borrowers But not all bor
rowers are able to borrow as much 
as they mIght WIsh, and not all 
those who do not borrow money 
actually need to borrow money
they may have enough funds of 
theIr own to fInance what they 
want to do 

What ILRl's study did was to 
try to assess the true 'credit con
stramt' on households, I e those 
who did not Invest because they 
could not get the funds ra! her than 
those who chose not to Invest but 
had funds available 

The study defmed credIt-con
straIned farmers as 
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• those who had borrowed money 
and expressed wIllIngness to bor 
row more at the current mterest 
rate 

• those who had not borrowed 
money because 
• therr loan request had been 

rejected 
• they dId not have access to a 

formal or mformal lender 
• they dId not have access to 

ammals to buy 
Based on these crIterIa, the 

study found both credIt constramed 
and credIt non-constraIned farmers 
among both borrOWIng and non
borrowmg households, hIghlIghtIng 
the Importance of lookIng at credit 
constramts rather than borrowmg 
per se 

The study found that farmers 
who had adequate access to funds 

(and hence were not credIt con
stramed) had a larger proportIOn of 
crossbred cows, used more Inputs
espeCIally feed-and tended to have 
more profItable daIry operatIOns 
than dId credlt-constramed farmers 

The mam determmant of mIlk 
output per farm was the number 
of crossbred cows the farmer had 
In most cases, credIt-constramed 
farmers who borrowed money m
vested It m crossbred mIlkmg cows 
InterestIngly, however, herd SIze dId 
not affect mIlk productIon per 
farm, probably because of the large 
number of non-mIlkmg ammals
draft oxen, follower ammals etc-m 
herds Thus, farmers could reduce 
the number of ammals they keep 
WIthout reducmg mIlk productIOn 
For example, replacmg draft oxen 
WIth dual-purpose, daIry-draft 
cows could help Increase farm pro 
duct1VIty 

AddItIOnal expendIture on In
puts such as feed had less effect on 
prodUCtIVIty than addItlOnalmvest
ments m crossbred mIlkmg cows 
Few of the farmers used credIt to 
purchase varIable mputs such as 
feed Farmers who dId buy feed 
generally used too httle to have 
much effect on the prodUCtIVIty of 
theIr cows, largely because of lack 



of credIt for workmg 
capItal Nevertheless, 
the study notes that 
provldmg credIt to 
farmers to fund oper
atlOns could encourage 
hIgher vanable mput 
use and substantIally 
mcrease smallholder 
daIry productIVIty 

The study dearly 
showed that the con
tnbutlOn of credIt to 
mIlk output dIffers 
between credlt-con
stramed and credIt 

mllk output on credIt 
non-c;onstramed farms 
but not on credlt-con
stramed farms Efforts 
to mcrease mIlk pro
ductlOn through trammg 
farmers should, there
fore, be targeted at 
farmers who are not 
constramed by lack of 
credIt, the study 
suggests 

non constramed farms 
Usmg mvestments m 
crossbred cows as a 
proxy for the Impact 
of credIt, the study 
showed that the mar
gmal contnbutlOn of 
crossbred mllkmg cows 
to mIlk output IS rela
tively hIgh on credlt
constramed farms In 

The amounts of mtlk smallholders sell may be sman but 
they can make a bIg dIfference to the welfare of the 
household 

The study provIded 
addltlOnal eVIdence on 
the Importance of accu 
rately assessmg farmers' 
demand for credIt To do 
thIS, the study con 
dudes, pollcy makers 
and fmanClal mstltutlOns 
need to go beyond 
whether farmers are bor
rowers or non borrowers 
to take account of the 
farmers' resource endow
ments and household 
charactenstlcs Only by 

EthlOpla and Kenya, an addltlOnal 
crossbred cow on a credlt-con
stramed farm contnbutes abO! 
tWIce as much to mIlk output (m 
htres) per farm as It would on a 
credIt non-constramed farm ThIS 

suggests that credIt should be 
targeted at credIt constramed farms 
to achIeve the greatest Impact 

In EthlOpla, the study found 
that trammg farmers m lIvestock 
management skills led to mcreased 

domg thIS can scarce credIt re
sources be targeted accurately to 
those who w1l1 make greatest use 
of them 
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ILRI programme and project 
activities in 1996 
Conservation of Biodiversity 

Characterisation, conservation and use of animal genetic resources 

CharactensatlOn and conservation of mdigenous ammal genetic resources 

PhYSIology of non dIsease adaptIve traits m tropIcal (small) rummants 

Forage genetic resources 

Charactensation and conservation of forage germ plasm 

Selectmg and testmg forage legumes for sustamable agnculture 

Production Systems Research 

Production systems analysIs and Impact assessment 

SocIO-economic evaluatIOn of alternatIve trypanosomIasIs control measures 

Assessment of the economICS of theilenosis control 

Assessment of the economICS of heartwater control 

Assessment of the economICS of trypanosomIasIs control 

The economICS of nnderpest control and preventIon vaccmation campaIgns 
and ltvestock serVICes m Afnca 

EnVIronmental and SOCIO economIC Impacts of controllmg trypanosomIasIs 

GeographIcal mformatIOn systems database development and mtegratlOn 

Impact of vector-borne mfectlOns on ltvestock prodUCtIVIty 

EcoreglOnal production systems research In the highlands of SSA 

Forage mtegration and natural resource management m crop-lIvestock 
systems m the tropIcal East Afncan hIghlands 

LIvestock productIon strategies for managmg natural resources at a 
watershed scale 

AlternatIve sources of draft power use of crossbred cows for mIlk 
productIOn and tractIOn 

Ecoreglonal production systems research In subhumld SSA 

Developmg crop-hvestock systems m the lowland mOIst savannahs 

EpIdemIOlogy of trypanosomIasIs m rummants m sub-Saharan Afnca 

Trypanotolerance and the use of trypanotolerant hvestock withm mtegrated 
strategIes for lIvestock productIOn under trypanosomIasIs nsk 
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Ecoreglonal production systems In semi-arid SSA 

SOCIO economIC analYSIs of lIvestock productIOn and 
natural resource management m semI-and West Afnca 

DynamIcs of lIvestock-medIated nutnent transfers m 
semI-and West Afncan landscapes ImplIcations on 
natural resource management 

Market-oriented smallholder dairying 

Research methodologIes for daIry systems 

Constramt analysIs for daIry systems 

Smallholder pen-urban daIry systems m mOIst savannah 
ecozones 

Pen-urban daIry productIon IdentIfIcation of factors 
affectmg on-farm mIlk productIon m the EthIopIan 
hIghland farmmg systems-Selale area 

Development of food/feed productIOn and management 
optIOns for smallholder lIvestock productIon systems 

Impact of dIseases of mtensifIcation on mIlk productIon 

Utilisation of Tropical Feed 
Resources 

Strategic use of feeds for livestock Improvement 

StrategIes to evaluate and match nutntIOnal reqUIre
ments of lIvestock exposed to fluctuatmg feed supply 

StrategIes for Improvmg feed qualIty m mIxed farmmg 
systems 

Feed utIlIsation for tractIOn 

Feed resources and nutntlon of rummants m 
crop-lIvestock systems of semI-and West Afnca 

Rumen microbIOlogy 

Rumen mlCroblology rummal detoxlflcatlOn 

Animal Health Improvement 

Epidemiology and disease control 

Molecular parasItology of Thetlerta parva 

Development of new and Improved epldemlOlogical 
tools for tlCk-borne dIseases 

DynamlCs of the transmISSIon of Therlerta parva 

ApplIcatIon of new technologIes for Improved 
tIck-borne dIsease control 
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EpIdemIology of anImal trypanosomIasIs 

Trypanosome dIagnostIcs 

Improved chemotherapy and chemoprophylaxIS for 
trypanosomIasIs m domestIc lIvestock 

Molecular biology and Immunology 

Antigens of tick denved stages of Thellerta and other 
tlCk-borne pathogens 

IdentifIcatIOn and charactensatlOn of antIgens of 
Thellerta parva schlzonts that provoke cellular Immune 
responses 

ImmUnISatIon WIth Thetlerta antIgens 

EvaluatIOn of antIgen delIvery systems m cattle 

StudIes of cell-medIated Immune responses m cattle 

ParasIte-host mteractlons 

The role of T cells and B cells m reSIstance to bovme 
trypanosomIaSIS 

SIgnIfICanCe of macrophage actIvatIon m the 
susceptIbIlIty of cattle to trypanosomIasIs 

MechanIsms of anaemIa m bovme trypanosomIasIS 

Genetics of disease resistance 

Molecular genetIcs of dIsease reSIstance 

GenetIcs of trypanotolerance and genetIc Improvement 
of trypanotolerant lIvestock 

GenetIc reSIstance to gastro-mtestmal parasItIsm m 
small rummants 

Uvestook Policy Analysis 

PoliCies and institutIOns for Improving the 
sustain ability of crop-livestock systems 

LIvestock, the enVIronment and food secunty 

Pohcles and lIvestock markets m West Afnca 

Competitiveness of smallholder dairy sectors 

PolIcy enVIronment for daIry development 

Property rights, risk and sustainable livestock 
development 

Land tenure mstitutIOns and agncultural prodUCtIVIty a 
case study from EthIOpIa 

Property nghts, nsk and lIvestock development 



Strengthening Collaboration with 
National Agricultural Research 
Systems 

CapaCIty development for strengthemng NARS 

Trammg 

Information and publications on livestock 
agriculture 

InformatlOn SerVlces 

PubhcatlOns 

Collaborative research networks 

Afncan Small Rummant Research Network 

Cattle Research Network 

Afncan Feed Resources Network 

33 



ILRI senior staff in 1996 
Directorate General 

Hank FItzhugh, Director General 
Akke van der ZIJPP, Deputy Director General 
Hugh Murphy, Director of Adm Intstra tlon 
Ralph von Kaufmann, Director for External Relattons and Pub/IC Awareness 
Gerard O'Donoghue, Chief FmanCial Offtcer 
Peter Gardmer, * Instttute Plannmg Officer 

Ammal Health Improvement Programme 

Programme Leader Tom Dolan * / Anthony Irvmt 

Improvement and ApplicatIOn of EXlstmg Disease Control 
Technologies 

Kenya 

Alfred Adema, research technologist 
Richard BIshop, molecular parasitologist 
Mark EIsler,! vlsltmg epidemIOlogist 
Newton Gltlre, research technologist 
John Kabata, research technologist 
Alfred Kafwa, techntcal assistant 
Noah KaranJa, techntcal assistant 
Frednck Kana, research technologist 
Sammy Kernel, research technologtst 
Juma KlUndl, research technologist 
Nelson Kuna, research technologist 
Stephen Leak, research assoCiate 
PIerre Lessard, * epidemiologist 
Clement Lugonzo, research technologist 
Humphrey Lwamba, research technologist 
Phehx MaJIwa, molecular parasitologist 
Jackson Makau, research technologist 
RachaeI Masake, Immunologist 
Stephen MmJa, research assoCiate 
Deen Moloo, entomologist 
Subhash Morzana, molecular parasitologist 
Joseph MUla, techntcal assistant 
Stephen Mwaura, research technologist 
Reeves NJamunggeh, research technologist 
George Nj1hla, research technologist 
Thomas NJoroge, research technologist 
Stephen NJuguna, research technologist 

1 Salary proVided by the UK, ODA (Overseas Development Admtnlstratton) and the UniversIty of Glasgow, and by the European 
Community 

* left m 1996 
t Jomed m 1996 
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Joseph Odhiambo, research technologIst 
George Oduol, research technologIst 
IgnatIUs Okumu, research technologIst 
Maunce Owmo, techntcal assistant 
DavId Parkln,2t bIOchemist 
Andrew Peregnne, parastfologlst 
Rob SkIlton, research assocIate 
John Tangus, techntcal assIstant 
James Thuo, research technologIst 
Alfred TonUl, research technologtst 
Mary Walthaka, research technologist 
Stephen Waslke, research technologtst 
Jon Wukes, cell membrane phYSiologist 

Development of New Disease Control 
Technologies 

Kenya 
EdIth Authle,3 ImmunologIst 
KeIth Ballmgall, post-doctoral SCientIst 
Edward de Buysscher,4* vlsttmg Immunologist 
FranCIS Chuma, research technologist 
ElIzabeth Carpenter, t cellular Immunologist 
ClaudIa Daubenberger, * post-doctoral SClenUst 
Benson Glchukl, research technologist 
Lucy Glchuru, research technologIst 
Elke Gobnght, research associate 
Volker Heussler, * post-doctoral sCientist 
Yoshlkazu Honda, Virologist 
Lmda Logan-Henfrey, * pathologist 
Dlsmus Lugo, research technologist 
Vlttona LutJe, post-doctoral SCIentist 
Anthony Luyal, research technologist 
NIall MacH ugh, research associate 
Guy Mareels,5 pepttde bIOlogist 
Yutaka Matsubara,6 pathologist 
John Mburu, research technologist 
Ferdmand Mbwlka, research technologtst 
DecIan McKeever, Immunologist 
FranCIS McOdlmba, research technologist 
Bea Mertens,! Immunologist 

Paul MUlya, research technologist 
Cecula Murulkl, research technologist 
Noel Murphy, molecular genettclst 
Tony Musoke, tmmunologlst 
DaVId Mutetl, research technologist 
Anthony Muthlam, research technologIst 
Duncan Mwangl,8 post-doctoral SCIentist 
Walthaka Mwangl, research technologist 
Jan Naessens,9 ImmunologIst 
DaVId N degwa, research technologist 
Vlsh Nene, molecular bIOlogist 
Damel NgugI, research technologist 
James NgUgl, research technologist 
Cathenne Nkonge, research associate 
Joseph Nthale, research technologist 
John NyanJuI, research technologist 
ElIas Owmo, research technologIst 
Tom Olyhoek,t vlsltmg SCientist 
Pratlbala Pandlt, research technologist 
Roger Pelle, molecular parasttologlst 
Rosemary Saya, research technologist 
Maarten SIleghem, * tmmunologlst 
BalJlnder Sohanpal, research technologIst 
Paul Spooner, research associate 
Evans Taracha, post-doctoral SClenust 
Kathy Taylor, research assocIate 
PhIlIp Totte,10* Immunologist 
John Wando, research technologist 
Stephen WanyonYI, research technologist 

Genetics of Disease ReSistance 

Kenya 
Enc Aduda, research assistant 
James Audho, techntcal assIstant 
Leyden Baker, quantttative geneticist 
Henry Gathuo, research technologist 
OlIVIer Hanotte, post-doctoral sCientist 
AlIce N J en Mama, research technologist 
Joel Mwakaya, research technologIst 
John Ngattl, research technologIst 

2 Salary proVIded by the USA, NatIOnal Instttutes of Health 
3 Salary proVIded by France, CIRAD EMVT Centre de CooperatIon Internat/onale en Recherche Agronomlque pour Ie 

Developpement Elevage at Medecme Vetermatre des Pays Tr0plcaux (Centre for InternatIonal CooperatlOn m AgronomIC Research and 
Development Ammal Husbandry and Vetennary MedICme m TropICal Countnes) 

4 Salary proVIded by USA, North Caroltna Untverslty 
5 Salary proVIded by BelgIUm, WOB Vlaamse Verentgung \lOor Ontwlkkeltngssamenwerktng en Techntsche BlJstand 
6 Salary prOVIded by Japan, jIRCAS Japan InternatIonal Research Center for AgrIcultural SCIences 
7 Salary proVIded by BelgIUm 
8 Salary proVIded by the USA, USAID (Untted States Agency for InternatIOnal Development) and the Untverslty of FlOrida 
9 Salary prOVIded by BelgIUm 

10 
Salary proVIded by France, CIRAD EMVT 

• left m 1996 
t lomed m 1996 
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Moses Ogugo, research technologIst 
Manassey Omenya, research technologIst 
Japheth Sore, research technologIst 
Alan Teale, molecular genetICIst 
Yasmm VerJee, research technologIst 
John Wambugu, research technologIst 

Ethiopia 

Saldou Tembely, assocIate sCIentIst 

Programme Support 

Kenya 
Chns Hmson, laboratory manager 
DaVId Kennedy, vetermarlan 
Bob Kmg, head of experimental antmal Untts 
James Magondu, head of fluorescence-actIvated cell sorter 

servIces 
FranCIS Mucheru, research technologIst, fluorescence

actIvated cell sorter servIces 
Chnstopher Ogomo, research technologIst, electron 

mIcroscopy servIces 
ClIve Wells, head of electron mIcroscopy serVIces 

Biodiversity Programme 

Programme Leader Jean Hanson 

Ammal Genetic Resources 

Kenya 
Osam u HIshIda,11 * molecular genettClst 

EthIOpia 

Dawlt Gezahegn, research technologIst 
GIrma Abebe, research technologIst 
Kahsay Berhe, research technologIst 
Lemma Mekonnen, techntcal assIstant 
Mesfm ShIbre, research technologIst 
EddIe Mukasa-Mugerwa, vetermarlan 
Edward Rege, anImal breeder 
ChI Lawrence Tawah, * assocIate SCIentist 
RIta Torto, * post-doctoral assoCIate 
Valentme YapI-Gnaore, * post-doctoral assocIate 

Forage Genetic Resources 

Ethiopia 

Asebe Abdena, research technologIst 

11 Salary proVIded by Japan, fICA 
12 Salary provIde by BelgIUm, WOB 

Glrma Gebre Manam, research technologist 
J emal Mohammed, research technologist 
AfUl MathIas Mlh, * post-doctoral assoCIate 
Kaburu M'Rtbu, * post-doctoral assocIate 
Zhl Blao Nan, * assoCIate sClenttst 
Temeselew Mamo, research technologIst 
Mark van de Wouw, * assocIate SClenttst 

ProductIOn Systems Programme 

Programme Leader WIllIam Thorpe (actmg) 

Systems AnalYSIS and Impact Assessment 

Kenya 
Mohamed Baya, research technologIst 
Luc Duchateau,12 statIstiCIan and modeller 
Russ Kruska, geographIC mformatton systems spectaltst 
Adnan MukhebI, agrtcultural economist 
Bnan Perry, vetermary epIdemIologIst/team leader 
Robm ReId, ecologist 

livestock Production Under TrypanosomiasIs Risk 

Kenya 
Guy d'Ieteren, antmal sCIentIst/team leader 
Sonal Nagda, data analyst 
John Rowlands, blometrtClan 
Brent Swallow, agrtcultural economIst 
Elamm Elbasha,t agricultural economIst (Rockefeller Fellow) 
Emmanuel Tambl,13 t agrIcultural economIst 
Nancy McCarthy,t post-doctoral SCIentIst 

EthIOpia 

N egussle T / MIchael, research technologIst 
Tesfaye Legesse, research technologIst 
Woudyalew Mulatu, research technologIst 

EcoreglOnal Integrated Systems for sub-Saharan 
Africa Market-orlented smallholder dalrymg 

Kenya 
Matthew KenyanJUl, research technologIst 
DaVId NJubI, sentor computer programmer 
Amos Ochleng', research officert 
Steve Staal,t agrtcultural economIst 
Jon Tanner,t antmal nutrttlOntst 

13 Salary proVIded by European UnIon and faCIlItated by the OrganISatIon of Afncan Umty 
* left m 1996 

t lomed m 1996 
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Ethiopia 

Abebe Tessema, research technologIst 
Aberra Adle, technIcal assIstant 
Solomon Kebede, * research technologIst 
VIctor Umunna, antmal SCIentIst/statton manager 
Azage Tegegne, research officer 

EcoreglOnal Integrated Systems for Sub-Saharan 
Africa Highlands 

Ethiopia 

Abate Tedla, research officer 
Ablye Astatke, research officer 
Kahsal Berhane, research technologIst 
Mohamed Mohamed Saleem, agronomIst/team leader 
Mulugeta Mamo, techntcal assIstant 
Emmanuel Mwendera, post-doctoral assocIate 
NlglSt Wagaye, research technologIst 
Wagnew Ayalneh, research technologIst 
Ercole Zerbml,:I: antmal SCIentIst 

Ecoreglonal Integrated Systems for sub-Saharan 
Africa Semi-arid zone 

Niger 
Salvador Fernandez RIvera, antmal sCIentIst/team leader 
PIerre Hlernaux, range ecologIst 
Eva Schlecht, post-doctoral assocIate 
TIm Wllhams, agricultural economIst 

EcoreglOnal Integrated Systems for sub-Saharan 
Africa Subhumld zone 

Nigeria 
Kwaku Agyemang, anImal productIon SCIentIst 
Asmoah LarbI, forage agronomIst 
Augustme NaaZle, post-doctoral assocIate 
MIchael Peters,14* post-doctoral sClenttst 
JImmy SmIth, antmal SClenttst/team leader 
IbrahIm Magagl,t antmal sCIentIst/research fellow 

Ecoreglonal Integrated Systems for sub-8aharan 
Africa livestock production under 
trypanosomiasIs risk 

Burkma Faso 

J B Mulumba Kamuanga, agricultural economIst 

Feed Resources PrograJDme 

Programme leader Paschal OsuJl (actmg) 

Ethiopia 

DaVId Anmdo, assocIate SCIentIst/statton manager 
IgnatIUs Nsahlal, * assocIate SClenttst 
Agnes Odenyo,t assocIate sCIentIst 
Karanftl Olga, research technologIst 
Asfaw Yemegnuhal, research technologIst 
Dawlt Negassa, research technologIst 

livestock Policy AnalYSIS Programme 

Programme Leader SImeon EhUl 

Ethiopia 

Abebe MIsgma, research technologIst 
G Ulllaume Du teurtre, 15 assocIate SCIentIst 
HoratIO A Freeman, * assocIate SCIentIst 
Sarah Gavlan, * assocIate screntlst 
Gemechu Degefa, research technologIst 
Mohammed J abbar, agrtcultural economIst 
Mohammed Mussa, * research technologIst 
Nega Gebre Selassle, research assIstant 
Charles F NIcholson, SOCIal SCIentIst (Rockefeller 

FoundatIOn SOCIal SCIences Fellow) 
Barry Shaplfo, agrtcultural economIst 
Solomon G/Selassle, research technologIst 
Joan Kagwan)a,t post-doctoral SCIentIst 

Strengthemng CollaboratIOn With NARS 
Programme 
Programme Leader MIChael Smalley 

Trammg and Conferences 

Kenya 
Rob Hey, educatIOn officer 

Ethiopia 

Eltzabeth Getachew,t a55lstant to the SCNARS 
programme leader 

Trammg Materials and Methods 
Mohammed EI-Hablb Ibrahlm,t trammg matertals 

specta!tst 

14 Salary proVIded by Germany, GTZ Deutsche Gesel1schaft ruer Techntsche Zusammenarbett (German Agency for Techmcal 
Co operatlOn) 

15 Salary proVIded by France, CIRAD EMVT 
• left m 1996 
t lomed In 1996 
:I: transferred to ILRI m Hyderabad, IndIa 
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Information 

Kenya 
Damans Ng'ang'a, Itbrartan 

Ethiopia 

Azeb Abraham, Itbrartan 
Marcos Sahlu, documentatIOn supervIsor 
Pramod Smha, head of mformatlon servIces 

Publications 

Kenya 
Dave Elsworth, head of graphIcs untt 
Susan MacMIllan, sCIence wnter 
Peter Werehlre, publtcatlOns assIstant 

Ethiopia 

Sourou Adoutan, French translator/edItor 
Paul Neate, head of publtcatlOns 
Anne Nyamu, sCIence wrtter/edltor 
Tekleab H/Mlchae1, head of pre-prtnt operatIOns 
Wondwossen Glrma, head of prmtshop 

Networks 

Kenya 
Sahr Lebble, co-ordmator; Small Rummant Research 

Network 
Jean Ndlkumana, co-ordmator, Afrtcan Feed Resources 

Research Network 

Ethiopia 

Ebenezer Olaloku, co-ordmator; Cattle Research Network 

InstitutIOnal Support 

Admmlstratlve 

Kenya 

MIke CraIg, business manager 
George Kanza, t chIef accountant ILRI 
Bnan Lloyd, * fmanclal controller 
FaIth Matee, purchasmg officer 
Gacheru MIgwt, chIef personnel officer 
George Mzera, * stores superIntendent 
DavId Kmyan)UI,t chIef securtty offtcer 
Charles Ndungl, transport manager 

• left In 1996 
t JOIned In 1996 
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Onesmus Nthlwa, chIef accountant 
Janephar Owmo, housmg officer 

EthIOpia 

Ahmed Osman, assIstant personnel officer 
AntOnIO Sllla, mternal auditor 
Asmelash Worede, t catering officer 
Be1ayhun Wondlmu, chIef accountant 
Blscut Tessema, dIsbursement and collectIon supervIsor 
Dessalegn Mammo, t chIef personnel officer 
Emmanuel T/Manam, budget and procurement officer 
MIchael Abebe, medIcal offtcer 
MIllIon Gebreab, housing offtcer 
Negussle Abraham, general accounts supervIsor 
Revathl Rao, manager; housmg and catermg servIces 
Tadesse Mmas, assIstant personnel offtcer 
AgUlbou Tall, head of admlntstratlOn (EthIOpIa) 
Techalew Negash, * dIsbursement and collectton supervIsor 
Tlbebe G/ Amlak, t natIOnal Italson officer 

Technical 

Kenya 
Sylvester KIsonzo, computer software officer 
Alex Lobo, * engmeerlng supertntendent 
JIm Scott, head of computmg servIces 
DaVId Wanzala, buddmg and mamtenance supervIsor 

Ethiopia 

Abeba Gottom, research technologIst 
All Mohammed, research technologIst 
Aynalem Tesfahun, computer programmer 
Azeb Halle, * research technologIst 
Mamadou Dtedhlou, blOmetrtClan 
Genet Assefa, research technologIst 
Franco Leone, phYSIcal plant manager 
Mebrahtu Ogbal, research technologIst 
Glrmaye Tamlru, research technologIst 
Beyene Ambaye, research technologIst 
James Ochang, research technologIst 
Solomon Tessema, computer engineer 
Tekeste Gebre Wold, research technologIst 
Tenaye Serekeberhan, research technologIst 
Yimer Ahmed, research technologIst 
Yohannes Yehulashet, proJect supervIsor/computer serVIces 
Hamblssa Behna,t computer programmer 
Zenhun Tadesse,t sentor computer programme 



Post-doctoral Associates and 
Graduate Fellows at ILRI in 1996 
Post-doctoral Associates 

Name/ 
NatlOnahty 

BIOdiverSity 

AfUi Mathias Mlh, 
Cameroonian 

H Kaburu M'RIbu, 
Kenyan 

Michael Peters, 
German 

Rita Torto, 
Ghanaian 

Valentine Yapi 
Chla Gnaore, 
Ivomen 

ProductIOn Systems 

Emmanuel Mwendera, 
MalaWian 

Augustine NaaZle, 
Ghanaian 

Eva Schlecht, 
German 

CharactensatlOn and conservatIOn of forage germplasm and evaluatIOn 
for development of lIvestock feeds 

In VitrO cultivatIOn of Napier grass and the molecular charactensatlOn of 
Sesbanta accessIOns and of Napier grass 

Selecting and testing forage legumes for sustainable agnculture and 
livestock productIOn In subhumld West Afnca With speCial emphaSIS 
on legume-legume combinations 

PhYSiology of non disease adaptive traits In small ruminants (EthIOpian 
highland sheep) 

ClassifICation and charactensatlOn of Afncan small ruminant genetic 
resources 

Ltvestock productiVity and environmental Interference modelling 

Model development on aspects of digestIOn kinetics 

Sustainable crop-hvestock production and natural resource management 
In semi and West Afnca 

UtilisatIOn of Tropical Feed Resources 

Agnes AWIno Odenyo, 
Kenyan 

Rumen manipulation to enhance fibre utilIsation 

location 

EthIOpia 

EthIOpia 

Nlgena 

Ethiopia 

EthIOpia 

EthIOpia 

Nlgena 

Niger 

EthIOpia 

End 
Date 

1996 

1996 

1996 

1996 

1996 

1997 

1997 

1997 

1996 
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Graduate Fellows 

Name/ Uruverslty/ End 
NationalIty Institute Degree Project TItle locatIon Date 

Biodiversity 

Lambert Muhr, Hohenhelm MSc PotentIal of selected forage legumes planted on fallow land Nigena 1996 
German for fodder productIon and soIl Improvement m mtegrated 

crop-lIvestock systems 

Jimoh Olalllte, Honn MSc EvaluatIOn of promIsmg grass-legume mIXtures for feedmg Nigena 1996 
Nigenan to early weaned calves 

Ammal Health Improvement 

Morns Agaba, Brunei PhD IdentIfIcatIon and lInkage mappmg of bovme expressed Kenya 1996 
Ugandan DNA sequence polymorphisms 

Ioram Buza, Sokome PhD B lymphocyte responses m trypanosome mfected cattle Kenya 1996 
Tanzalllan 

Apoimaire D]lkeng, Brunei PhD Expressed sequence tags of Trypanosoma bruce I rhodeslense Kenya 1998 
Cameroolllan reagents for the denvatIOn of a transItIOnal map of the 

causatIve agent of human sleepmg SIckness 

MaunzIO Durante, Bnstol PhD The development of DBA markers to dIfferentIate between Kenya 1996 
ItalIan two strams of trypanosome, one a Trypanosoma bruce I 

rhodeslense and the other a T brucel brucel 

DIrk Geysen, BruneI PhD Thetlerta parva dIversIty m ZambIa based on molecular Kenya 1998 
BelgIan bIology techlllques 

Ines Glaser, Wurzburg PhD Generatmg a bve vaccme agamst Thetlerta parva on the base Kenya 1996 
German of attenuated salmonella 

FIOna Houston, Glasgow PhD PotentIal role of superantigens m the pathogeneSIS of Kenya 1996 
Bntish bovme Thellenosis 

Rosmm J anoo, Brunei PhD CharactensatIOn of GTPases regulatmg protem trafflckmg m Kenya 1997 
Kenyan Thetlerta parva 

Henry MwambI, NaIrobI PhD A mathematIcal model for the hfe cycle of Rhipicephalus Kenya 1996 
Kenyan appendlculatus and ItS mteractIOn WIth cattle hosts 

SImon MwangI, Kenyatta PhD Molecular clonmg of cDNA encodmg bovme IL 3, and Kenya 1996 
Kenyan charactensatlon of the actIVIty of the recombmant 

protem 

Deo Ohla, NaIrobI PhD Molecular epIdemIOlogy of trypanosomIasIs With partIcular Kenya 1997 
Ugandan emphaSIS on drug reSIstant phenotypes m Uganda 

Alex Osanya, BruneI PhD ContnbutIOn to the charactensatIOn of the Trypanosoma Kenya 1998 
Kenyan brucel genome IdentIfIcatIOn and charactensatIOn of 

dIfferentIally expressed sequence tags 

Ester SebitosI, Ahmadu Bello PhD The phYSIOlogy of the tIck Rhipicephalus appendlculatus m Kenya 1996 
Kenyan relatIOn to the transmISSIon of Thellena parva 
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Graduate Fellows (cont'd) 
Name/ Uruverslty/ 
Natlonahty Institute Degree 

Animal Health Improvement (cont'd) 

Deckster Savadye, Zimbabwe PhD 
Zimbabwean 

Gmsh Shukla, Brunel PhD 
Indian 

Haglr Suhman, Vlrglma PhD 
Sudanese 

Ntando Tebele, Brunel PhD 
Zimbabwean 

Van Hooft, Wagemngen PhD 
Dutch 

Jun Wang, Massachusetts PhD 
Amencan 

Nyasha Chmombe, Zimbabwe MSc 
Zlffibabwean 

Emmanuel Chrrebvu, Zimbabwe MSc 
Zimbabwean 

Alad]1 Dlack, BruneI MPhll 
Senegalese 

Margaret Okomo, Nauobl MSc 
Kenyan 

Kevm Olouch, Nairobi MSc 
Kenyan 

Beatnce Ondondo, Nairobi MSc 
Kenyan 

Mulugeta Wubet, Brunei MPhll 
EthIOpian 

Production Systems 

Atse Atse Pascal, 
IVOInen 

Augustme Ayatunde, 
Nigerian 

Cote d'IvOire PhD 
National 

Wagenmgen PhD 

ProJect Title 

Sequencmg and mappmg of Thetlerla parva schizont DNAs 
and the establIshment of a sequence data base 

Role of the 7 1 kDa extrachromosomal genetic element of 
Thellena parva m parasite bIOlogy 

Molecular cloning of bovine erythropOietin (EPO) and 
investigatIOn of ItS role In the pathophysiology of 
trypanosome infectIOns assOCiated With anaemia In cattle 

IdentificatIOn and charactensatlOn of the gene encoding the 
200 kDa diagnostic antigen of BabesIa blgemtna 

Development and vanatlOn of mlcrosatelhte markers m 
buffalo 

Charactensatlon of a gene from Afncan buffalo encodmg a 
trypanOCidal serum protem 

Developmg genetic markers aSSOCiated With 
trypanotolerance trait m cattle by Genetically Directed 
RepresentatIOnal Difference AnalYSIS (GDRDA) 

Recombmant expression of TheIlerIa parva antigens m 
attenuated LIsterIa monocytogenes 

The effect of multiple treatment of cattle that harbour 
drug resistant Trypanosoma congolense on the infectiVity of 
the parasites for GlOSSina morsltans centralls 

CharactensatlOn of genetic diverSity of East Afncan cattle 
breeds uSing mlcrosatelhte markers 

IdentificatIOn of schizont genes located on sub telomenc 
fragments of the Thetlerla parva genome 

InteractIOn of trypanosome CYcloPhlhn With parasite and 
host molecules 

Role of trypanosomal mltochondnal energetics m the 
accumulatIOn and resistance to Isometamldlum by 
bloodstream forms of trypanosomes 

ProductiVity of rummant hvestock exposed to 
trypanosomiaSIS nsk m Cote d'Ivoue 

LIVestock-mediated nutnent transfers In the semi and 
West Afncan landscape 

End 
LocatIOn Date 

Kenya 1999 

Kenya 1996 

Kenya 1996 

Kenya 1996 

Kenya 1997 

Kenya 1997 

Kenya 1996 

Kenya 1996 

Kenya 1997 

Kenya 1997 

Kenya 1997 

Kenya 1997 

Kenya 1996 

Cote 1997 
d'Ivoue 

Niger 1997 
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Graduate Fellows (cont'd} 
Name/ Unlverslty/ End 
Natlonabty InstItute Degree Project TItle Location Date 

Production Systems (cont'd) 

Warne BOItumelo, Guelph PhD NutntIVe evaluatlOn of forage legumes Ethiopia 1999 
Botswanan 

Robert Delve, Wye PhD ImplIcations of lIvestock feedmg management for long term Kenya 1996 
BrItish sot! fertilIty m smallholder mixed farmmg systems 

Eneyew NegussIe, Techmsche PhD Charactensatlon of the mdigenous EthlOpian sheep breed for EthlOpia 1998 
EthIopIan Munchen feed mtake and fat deposltlOn as adaptIve charactenstlcs 

Getachew Gebru, Wisconsm PhD Assessment of feed resource base and the factors that affect EthiopIa 1997 
EthIopIan access to feed resources m crop-lIvestock systems m the 

EthIopIan hIghlands 

George Gitau, NaIrobI PhD QuantitatIve assessment of the Impacts of endemIC stabilIty Kenya 1997 
Kenyan and mstabllIty of tickborne dIseases on daIry productIOn m 

Kenya 

Jones Govereh, MIchIgan PhD The effects of tsetse control on resource management Kenya 1997 
ZImbabwean mstitutions m ZImbabwe 

Robert Kaitho, Wagenmgen PhD Nutntive value of multIpurpose trees and shrubs as protem EthlOpIa 1997 
Kenyan supplements to poor qualIty roughages 

Pokou KoffI, CIRES PhD EconomIc analYSIS of lIvestock productlOn WIth tsetse Cote 1996 
Ivomen control, multiple species and multIple breeds d'IvOlre 

Chns Laker, Makerere PhD Assessment of the economIC Impact of bovme Kenya 1997 
Ugandan trypanosomIasIs and ItS control m Uganda 

John LekasI, Coventry PhD Management of lIvestock excreta for enhanced nutnent Kenya 1999 
Kenyan cyclmg effiCIency on mtenslve smallholder farms m the 

east and central Afncan hIghlands 

Dems MpaIrwe, Makerere PhD Development of food/feed productIon and management EthlOpIa 1997 
Ugandan optIons for smallholder daIry productIOn systems 

Constance Mugalla, Penn State PhD LIvestock productIOn m The GambIa and ImplIcatlOns of The 1998 
Kenyan trypanosomIasIs control on the GambIan household GambIa 

Bartholemew Mupeta, ZImbabwe PhD MIlk production and growth of exotIC x mdlgenous Kenya 1996 
Zimbabwean crossbred cows and theIr progeny and the effiCiency of 

utIhsation of home grown protem sources m smallholder 
daIry sector m ZImbabwe 

DaVId MwangI, Wye PhD Factors affectmg the growth and perSIstency of compamon Kenya 1999 
Kenyan legumes for cut-and carry NapIer grass 

Sarah Ossuya, Texas A&M PhD Development of a nutntional profllmg system for NIger 1996 
Ugandan free rangmg lIvestock m malor agro ecologIcal zones of 

sub Saharan Afnca 

Mamadou Sangare, Pnnce Leopold PhD OptimIsmg the use of feed sources for feedmg lIvestock and NIger 1999 
Nigenan InstItute recyclIng nutnents 
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Graduate Fellows {cont'd} 
Name/ Umverslty/ 
Nationality Institute Degree Project Tide 

ProductIOn Systems (cont'd) 

KImberly Swallow, Wlsconsm PhD Local SOCIO economic mstltutlons and their mfluence on 
Amencan smallholder farmers' enterpnse and techrucal adoptlOn 

declSlons The case of the adoptlOn of dairy cattle 
enterpnses and Improved cattle feed productlOn 
techruques m the coconut-cassava agro ecological zone 
of coastal Kenya 

KouadlO Tano, Marutoba PhD TrypanosomiasIs and trypanotolerant hvestock m West Afnca 
Ivomen 

Patnck Irungu, Nairobi MSc EconomlC analYSIS of factors affectmg adoptlOn of Napier 
Kenyan grass by high potential Kenyan dairy farms 

Cathnne Melard, Notre Dame MSc Labour management m the Gmelu watershed Impact on 
Belgian de la Palx common good management 

Menglstu Alemayehu, Alemaya MSc Draft performance of h crossbred dairy cows and local 
EthlOplan oxen under smallholder farm management condltlOns 

Menglstu Buta, Alemaya MSc Crossbred cows for milk and tractlOn m the EthlOplan 
Ethiopian highlands A whole-farm evaluatlOn 

Feza Mpungu, Notre Dame MSc Land tenure m the Gmchl watershed Impact on common 
Zalrean de la Palx good management 

Sandra Mwebaze, Makerere MSc BlOmass production of maize mtercropped With selected forage 
Ugandan legumes for food and feed m smallholder farmmg systems 

Mucheru N den, Kenyatta MSc Role of tsetse fhes m the transmiSSIOn of trypanosome 
Kenyan mfectlOns to cattle m Talta/Taveta Dlstnct, Coast Provmce, 

Kenya 

Solomon Mamo, Alemaya MSc On farm feedmg management and production performance 
EthIOpian of crossbred dairy cows m the Ethiopian Highlands 

Natfaly Wachlra, Nairobi MSc Risk and resource management strategies m smallholder 
Kenyan dairy farms m central Kenya 

E Wekare, Nairobi MSc TrypanosomiasIs epidemIOlogy m Zimbabwe 
Zimbabwean 

Tennyson Wilhams, Sierra Leone MSc Estlmatmg the potential market for new vaccmes agamst 
Sierra Leonean thellenosls m eastern and southern Afnca 

Workmeh Abebe, Alemaya MSc Assessment of nutntlve value and consumer preference of 
EthIOpian goat milk and milk products 

UtilisatIOn of Tropical Feed Resources 

Gabnel Nakokonya, 
Kenyan 

PhD Effects of different rumen conditIOns on fibre degradation 

End 
location Date 

Kenya 1996 

Burkina 1998 
Faso 

Kenya 1997 

Ethiopia 1996 

EthlOpla 1996 

EthlOpla 1997 

Ethiopia 1996 

Ethiopia 1996 

Kenya 1996 

Ethiopia 1996 

Kenya 1996 

Kenya 1996 

Kenya 1996 

EthIOpia 1996 

EthlOpla 1999 
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Graduate Fellows (cont'd) 
Name/ 
Natlonahty 

Uruverslty/ 
InstItute Degree ProJect TItle 

livestock Policy Analysis 

Carol Cabal, Hawau PhD Integrated crop-lIvestock agncultural systems Impacts on 
FUlpma household food secunty m the central Ethiopian highlands 

Ika Darnhofer, Vienna PhD Land tenure resource management systems 
Austnan 

Solomon Desta, Utah State PhD Banking lIvestock capital for pastoral nsk management and 
Ethiopian urban development m Ethiopia 

Mmale Kassle, Alemaya MSc Economics of crop-forage mtegratlon and nutnent 
EthIOpian management mterventlOn m mixed farms m highland 

EthlOpla 
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End 
LocatIon Date 

Ethiopia 1997 

Ethiopia 1996 

Ethiopia 1999 

Ethiopia 1997 



Publications by ILRI staff 
• In 1996 
Annual reports 

ILRI (InternatIOnal LIvestock Research InstItute) 1996 ILRI 1995 But/ding a Global 
Research InstItute ILRI, NaIrobI, Kenya 77 pp 

ILRI (InternatIonal LIvestock Research InstItute) 1996 ILRI 1995 But/ding a Global 
Research InstItute Htghllghts ILRI, NaIrobI, Kenya 22 pp 

ILRI (Institut mternational de recherche sur I'eIevage) 1996 I.:ILRI en 1995 CreatIon 
d'un InStltut mondlal de recherche Synthese des programmes ILRI NaIrobI (Kenya) 
22 pp 

ILRI (Instituto InternacIOnal de InvestIgaCIOnes Pecuanas) 1996 IIRI 1995 
Consoltdaclon de un Instltuto IvIundlal de InvestlgaclOn Resefia de las Acttvldades ILRI, 
NaIrobI (Kema) 22 pp 

ILRI (InternatlOnal LIvestock Research Institute) 1996 ILRI Annual ProJect Report 
1995 ILRI, NairobI, Kenya 216 pp 

Newsletters 

LIvestock Research for Development vol 2 
Recherche sur l'elevage pour Ie deHloppement vol 2 
Invest1gaclOn pecuarta para el desarrollo vol 2 

PrOject protocols and funding requests 

ILRI (InternatIOnal LIvestock Research InstItute) 1996 ILRI Programme Plan and 
Funding Request for 1997 ILRI, NaIrobI, Kenya 53 pp 

ILRI (InternatIOnal LIvestock Research InstItute) 1996 1996 ILRI Project Workplans 
ILRI, NaIrobI, Kenya 158 pp 

Manuals 

FARM Afnca 1996 Goat Types of EthIopIa and Erttrea PhysIcal deScriptIon and 
management systems ILRI NaIrobI, Kenya 76 pp 

ILRI (InternatIOnal LIVestock Research InstItute) 1996 Traznlng Poltcy and Procedures 
Manual ILRI, NaIrobI, Kenya 60 pp 

Training module 

Van Gastel A J G , Bishaw Z, Gnffiths R and Hanson J 1996 Seed Processing 
AudIOVIsual trammg module ICARDA (InternatIOnal Center for Agncultural 
Research m the Dry Areas), Aleppo, Syna, and ILRI (InternatIOnal LIvestock 
Research InstItute), AddIS Ababa, EthIOpIa 16 pp 

Glossary 

ILCA (International Ltvestock Centre for Afnca) 1996 ILCA Glossary of LIVestock and 
Related Terms English-French ILCA, AddiS Ababa, Ethiopia 236 pp 
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Proceedmgs 

Bealby K A, Connor RJ and Rowlands G ] 1996 
Trypanosomosls In Goats In ZambIa ILRI (InternatIonal 
Livestock Research Institute), Nairobi, Kenya 88 pp 

Irvm AD, McDermott J J and Perry B D (eds) 1996 
EpIdemIOlogy of Treks and TIck-borne DIseases In Eastern, 
Central and Southern Afrtca FAO/ILRI Workshop on 
EpIdemIology of TIcks and Trek borne DIseases rn Eastern, 
Central and Southern Afrtea, Harare, ZImbabwe, 12-13 Mar 
1996 IiRI (International Livestock Research Institute), 
Nairobi, Kenya 174 pp 

Lebble S H Band Kagw10l E (eds) 1996 Small Rumrnant 
Research and Development In Afrtca Proceedrngs of the Third 
Blenntal Conference of the Afrtcan Small Ruminant Research 
Network, UICe Kampala, Uganda, 5-9 December 1994 ILRI 
(InternatIOnal LIvestock Research Institute), Nairobi, 
Kenya 317 pp 

Papers In peer-reviewed Journals 

Abate Tedla, Lupwayt N Z and HaIlu Regassa 1996 On-farm 
forage/food crops sequential system and Its reSidual effects 
on subsequent wheat cultivatIOn AfrICan Crop SCIence 
Journal 4(2) 257-261 

Abdulrazak SA, Mu10ga R W, Thorpe Wand 0rskov E R 
1996 The effects of supplementatlOn With Gltrtetdla 
seplum or Leucaena leucocephala forage on 1Otake, dlgestlOn 
and lIve-weight gams of Bos taurus x Bos rndlcus steers 
offered Napier grass Antmal SCIence 63381-388 

Ablye Astatke and Mohamed-Saleem M A 1996 Draught 
ammal power for land use 1Otenslflcatlon 10 the Ethiopian 
highlands FAO World Antmal ReVIew 86(1) 3-11 

Adler H, Jungl TW, Pfister H, Strasser M, Sdeghem M and 
Peterhans E 1996 Cytokme regulatIOn by VIrUS 1OfectlOn 
bov1Oe Viral diarrhea Virus, a flavlvIrus, downregulates 
productIOn of tumor necrosIs factor a 10 macrophages In 

VitrO Journal of VIrology 70 2650-2653 
Agaba M, Kemp S J , Barendse Wand Teale A J 1996 

Polymorphism at the bov1Oe tumor necrosIs factor alpha 
locus and assignment to BTA 23 Mammalran Genome 
7186-187 

Ak1Obaml]o 00, Lahlou Kassl A and Tembely S 1996 Effect 
of expenmental faSCIOliaSIS on feed 1Otake, mtrogen 
retention and body weight changes 10 open and pregnant 
Menz sheep Small Ruminant Research 20(2) 163-169 

AndrIananvo A G, MUlya P and Logan-Henfrey i L 1996 
Trypanosoma congoiense High erythropOIetiC potential m 
mfected yearlmg cattle dUring the acute phase of the 
anemia Expertmental Parasitology 82 104-111 

Bartholomew PW, Traore B, Nantoume H, Kone N' G and 
Ly R 1996 Effects of supplementatIOn of molassed 
natural pasture hay With urea, and of water mtake 
restnctlOn on feed mtakes by zebu cattle 10 the semi and 
zone of MalI TropIcal Anrmal Health and ProductIon 
28(2) 191-192 

Bishop R P, Spooner PR and Sohampal B K 1996 Genetic 
f1Ogerpnnt1Og of Thetferta parva us10g a telomenc DNA 
probe ParaSItology Research 82 264-266 

Bosompem K M, Masake R A, Assoku R KG, Oplyo E A 
and Nantulya VM 1996 Field evaluatIOn of a dot ELISA 
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for the detection and differentiatIOn of trypanosome 
species 10 10fected tsetse flies (GlOSSina spp) ParaSItology 
112205-211 

Campbell D A, Ikuegbu 0 A, Owen E and Lttle D A 1996 
Responses to supplementation m White Fulam cattle 
under agro pastoral management m northern Nlgena 
Phosphorus TropICal Antmal Health and Production 
28(2) 183-190 

Campbell D A, Ikuegbu 0 A, Owen E and LIttle D A 1996 
Responses to supplementatlOn m White Fulam cattle 
under agro pastoral management 10 northern Nlgena II 
Fodder TropIcal Antmal Health and ProductIOn 28(3) 230-236 

DarJl A, Beschm A, Sdeghem M, Heremans H, Brys Land 
De BaetselIer P 1996 In VitrO simulatIOn of Immuno
suppreSSIon caused by Trypanosoma brucel active mvolve
ment of y mterferon and tumor necrosIs factor m the 
pathway of suppressIOn Infection and Immunrty 64 1937-
1943 

El WakeeI A and Ablye Astatke 1996 IntenSIfIcatIOn of 
agnculture on Vertisols to mInimIZe land degradatIon m 
parts of the Ethiopian highlands Land DegradatIOn & 
Development 757-67 

Elbasha E H and Roe T L 1996 On endogenous growth The 
ImplIcatlOns of envlfonmental externalIties Journal of 
EnVironmental EconomIcs and Management 31240-268 

Fafchamps M and Gavlan S 1996 The spatial 1OtegratlOn of 
lIvestock markets m Niger Journal of Afftcan Economies 
5(3) 366-405 

Freeman H A, Jabbar M A, EhUl S K and Nega Gebreselassle 
1996 The role of credIt 10 the uptake of Improved dairy 
technologies 10 Ethiopia Ethiopian Journal of Agricultural 
Economics 1 (1) 1-17 

Gardmer PR, Nene V, Barry M M, Thatthl R, BurleIgh B 
and Clarke M W 1996 CharactenzatlOn of a small 
variable surface glycoprotem from Trypanosoma vlvax 
Molecular and BIOchemIcal Parasitology 82 1-11 

Gavlan Sand Fafchamps M 1996 Land tenure and allocatlve 
effiCiency 10 Niger Amerrcan Journal of Agrtcultural EconomIcs 
78(2) 460-471 

Haque I, LupwaYI N Z and Luymdula N 1996 InoculatIOn 
and phosphorus effects on Desmodlum tntortum and 
Sesbanta sesban m the EthIopian highlands Agrtculture, 
Ecosystem & EnVIronment 56(3) 165-172 

Heenng H, Reed J D and Hanson J 1996 Differences m 
Sesbanta sesban accessIOns m relatIOn to their phenolic 
concentratIOn and HPLC fmgerpnnts Journal of the SCIence 
of Food and Agriculture 71(1) 92-98 

Heermg J H, Nokoe S and Mohammed JemaI 1996 The 
claSSificatIon of a Sesbanra sesban (ssp sesban) collectIOn 
Morphological attnbutes and thelf taxonomic slgmficance 
Tropical Grasslands 30(2) 206-214 

Heermg J H, Nokoe S and Mohammed Jemal 1996 The 
claSSIficatIOn of a Sesbanta sesban (ssp sesban) collectIon 
II Agronomic attributes and their relatIOn to bIOmass 
estimatIOn Tropical Grasslands 30(2) 215-222 

Hlernaux P and Turner M D 1996 The effect of clIpp10g on 
growth and nutnent uptake of SahelIan annual 
rangelands Journal of Applied Ecology 33387-399 

Itty P 1996 ProfItablltty, effiCIency and comparative 
advantage of Afncan cattle meat and mIlk productIOn 
The case of trypanotolerant vIllage cattle productIon 
Agrtcultural EconomIcs 14(1) 33-44 



Jabbar M 1996 Energy and the evolutiOn of farmmg systems 
The potential of mixed farmmg m the mOIst savannah of 
sub Saharan Afnca Outlook on AgrICulture 25(1) 27-36 

Kemp S J , Darvasl A, Soller M and Teale A J 1996 Genetic 
control of resistance to trypanosomiasIs "Veterinary 
Immunology and Immunopathology 54(1-4) 239-243 

Larbl A, Kurdl I 0, Said A N and Hanson J 1996 
ClassificatiOn of Erythrlna provenances by rumen 
degradatiOn charactenstlcs of dry matter and mtrogen 
Agroforestry Systems 33(2) 153-163 

Larbl A, Smith J W, Adekunle I 0 and Kurdl I 0 1996 
Studies on multipurpose fodder trees and shrubs m West 
Afnca VanatiOn m determmants of forage quality m 
Alblzta and Parasertanthes species Agroforestry Systems 
33(1) 29-39 

Larbl A, Smith J W, Kurdl 10, Adekunle 10, RaJI A M and 
Ladlpo DO 1996 Feed value of multipurpose fodder trees 
and shrubs m West Afnca Edible forage production and 
nutntlve value of MIlIettta thonnlngll and Alblzla lebbeck 
Agroforestry Systems 33(1) 41-50 

Leak S G A, Peregnne AS, Mulatu W, Rowlands G J and 
d'Ieteren G 1996 Use of msectlClde Impregnated targets 
for the control of tsetse flies (GlOSSina spp) and trypano 
somlaSlS occurnng m cattle m an area of south west 
Ethiopia With a high prevalence of drug resistant 
trypanosomes TropIcal MedICine and InternatIonal Health 
1(5) 599-609 

Lowe A J , Hanotte 0 and Guanno L 1996 StandardisatIOn 
of molecular genetic techmques for the charactensatlOn of 
germplasm collectiOns The case for Random Amphfled 
Polymorphic DNA (RAPD) Plant GenetIc Resources 
Newsletter 10750-54 

LupwaYI N Z, Abate Tedla and HaIlu Regassa 1996 On farm 
mtegratlOn of forage legumes Into cereal cropping systems 
m the EthIOpian highlands Afrtcan Crop SCIence Journal 
4(3) 365-372 

LutJe V, Taylor K A, Kennedy D , Authle E, Boulange A and 
Gettmby G 1996 Trypanosoma congolense a companson of 
T cell mediated responses m lymph nodes of trypano 
tolerant and trypanosusceptlble cattle dunng pnmary 
mfectlOn Expertmental Parasitology 84 320-329 

Mackmnon M J , Thorpe Wand Baker R L 1996 Sources of 
genetic vanatlOn for milk production m a crossbred herd 
m the tropiCS Antmal SCIence 625-16 

MacMillan S 1996 Improvmg the nutntlOnal status of 
tropical rummants BIOtechnology and Development Monttor 
278-9 

Mamman M, McKeever D J , Aliu YO and Peregnne A S 
1996 Pharmacokmetlcs of dlmmazene m plasma and 
lymph of goats Amertcan Journal of "Veterinary Research 
57(5) 710-714 

Mihok S , Moloo S K, Oden'y J 0, Brett R A, Rakwar J G , 
Munyokl E, Kulu J and Kyorku C A 1996 Attractiveness 
of black rhinoceros (Dlceros btcornts) to tsetse fhes (GlOSSina 
spp) (Dlptera Glosslnldae) and other bitIng fhes Bulletin 
of EntomologIcal Research 86 33-41 

Mohamed Saleem M A and Ablye Astatke 1996 Options to 
Intensify cropland use for allevlatmg smallholder energy 
and protem defiCiencies In the East Afncan highlands FIeld 
Crops Research 48 177-184 

Mornson WI , MacH ugh N D and Lalor P A 1996 Pathogen 
IClty of Thetlena parva IS Influenced by the host cell type 

mfected by the parasite Infection and Immuntty 
64(2) 557-562 

Mullins G, Wahome L, Tsangan P and Maarse L 1996 
Impacts of mtenslve dairy productiOn on smallholder farm 
women In coastal Kenya Human Ecology 24(2) 231-253 

Musoke A J , Palmer G H, McElwaIn TF, Nene V and 
McKeever D 1996 Prospects for subumt vaCCInes against 
tick borne diseases Brttlsh veterinary Journal 152621-639 

Naessens J, Grab D J and Fntsch G 1996 CharactensatiOn of 
bovme transfernn receptor on normal activated and 
Thetlerta parva transformed lymphocytes by a new mono
clonal antibody "Vetertnary Immunology and Immunopathology 
52(1,2) 65-76 

Naessens J, Howard C J and Hopkms J 1996 Nomenclature 
for clusters of differentiation of ruminant leukocyte 
antigens The ImmunologIst 4207-210 

Nene V, Musoke A, Gobnght E and Morzana S 1996 
ConservatiOn of the sporozOIte p67 vaCCIne antlgen m 
cattle denved Thetlerta parva stocks With different 
cross Immumty profiles InfectIOn and Immuntty 
64(6) 2056-2061 

Nyanglto H 0, Richardson J W, Mukhebl A W, Zimmel P, 
Namken J and Perry B D 1996 Whole farm SimulatiOn 
analYSIS of economic Impacts of East Coast fever 
Immumzatlon strategies on mixed crop-livestock farms In 
Kenya Agrtcultural Systems 51(1) 1-27 

Nyanglto H 0, Richardson J W, Mundy D S , Mukhebl A W, 
Zimmel P and Namken J 1996 Economic Impacts of East 
Coast fever ImmumzatlOn on smallholder farms, Kenya A 
Simulation analYSIS Agrtcultural EconomIcs 13(3) 163-177 

Ochanda H, Young AS, Wells C, Medley G F and Perry B D 
1996 Companson of the transmiSSion of TheIlerIa parva 
between different mstars of RhIpIcephalus appendlculatus 
Parasitology 113 243-253 

Okoruwa V, Jabbar MA and AkInwuml J A 1996 Crop
livestock competitIOn In the West Afncan denved savanna 
ApphcatlOn of a multi objective programmIng model 
AgrIcultural Systems 52(4) 439-453 

OSUJI PO, Nsahlal I V and Khalili H 1996 Effect of fastmg 
on the unnary excretiOn of mtrogen and punne denvatlves 
by zebu (Bos tndlcus) and crossbred (Bos tndlcus x Bos 
taurus) cattle Journal of ApplIed Antmal Research 10(1) 39-47 

Parkin D W 1996 Punne speCifiC nucleOSide N nbohydrolase 
from Trypanosoma brucel brucel PunflcatiOn, specifiCity, 
and kinetiC mechamsm The Journal of BIOlogIcal ChemIstry 
27121713-21719 

Pegram R G, James AD, Bamhare C, Dolan TT, Hove T, 
Kanhal G K and Latif A A 1996 Effects of ImmumsatlOn 
against Thetlerta parva on beef cattle productiVity and 
economics of control options TropIcal Antmal Health and 
ProductIon 28(1) 99-111 
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Surplus (defIcit) for the year 
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1995 
23,846 

1,198 

25,044 

15,713 
1,290 

983 
4,379 

853 
2,022 

25,240 

{19~ 

1996 
24,775 

1,195 

25,970 

16,495 
1,486 

897 
3,967 

787 
2,335 

25,967 

3 



INTERNATIONAL LIVESTOCK RESEARCH INSTITUTE 
STATEMENT OF FINANCIAL POSITION 
at 31 December 1996 
(US$ '000) 

Current assets 1996 1995 
Bank and cash balances 14,665 15,987 

Accounts recelvable 847 1,228 

Recelvable from donors 1,999 2,826 
Inventones 1,215 1,344 

Deposlts and prepayments 338 419 

Total current assets 19,064 21,804 

Fixed assets 
Property, plant and equlpment 19,862 18,187 
ConstructlOn work-m progress 90 719 

Investment m subsIdIary 1,816 1,816 

Total fIxed assets 21,768 20,722 

Total assets 40z832 42z526 

Liabilities 
Accounts payable 3,765 3,829 
Payments m advance-donors 2,237 2,214 
In-trust funds 195 264 
Accruals and provIsIons 1,628 3,357 

Total habthttes 7,825 9,664 

Fund balances 
Capltal mvested m flxed assets 21,768 20,722 
Operatmg funds 7,042 7,038 
Capltal fund 4,197 5,102 

Total fund balances 33,007 32,862 

Total ltabdtt1es and fund balances 40/832 42z526 
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INTERNATIONAL LIVESTOCK RESEARCH INSTITUTE 
1996 DONOR FUNDING 
(US$ '000) 

Restricted Out- Total 1996 
Donor Unrestncted Programme Project sourcmg mcome 
AustralIa 223 ° 198 421 
AustrIa 175 ° ° 175 

BelglUm 514 ° 785 427 1,726 
BMZ/Germany 1,074 ° 485 1,559 
Canada 911 0 ° 911 
Denmark 848 ° 0 848 
EU 0 0 1,099 1,099 
France 311 0 42 353 
Fmland 377 0 ° 377 
IDRC ° 0 37 37 
IFAD ° 0 205 205 
Ind1a 37 0 0 37 

Ireland ° 560 0 560 

Italy 200 ° 0 200 

Japan 461 1,080 0 1,541 

Luxembourg ° 0 0 3 3 
The Netherlands 301 0 127 428 

Norway 1,320 0 0 1,320 

OPEC 0 0 31 31 

Rockefeller Founda tlOn 0 0 86 86 
Spam 10 40 0 50 
Sweden 670 0 0 670 

SWItzerland 1,952 0 0 1,952 
UK 500 533 82 1,115 
USA 2,600 0 70 2,670 
World Bank 6,250 0 0 6,250 

18,734 2,213 3,247 430 24,624 
SLP 
The Netherlands 151 151 

Total 18,734 2,213 3,398 430 24,775 
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Text Paul Neate 

Pnnclpal sCientIfic sources A J Musoke and D McKeever (Potent tal vaCCIne enters fteld testing), W 
Thorpe and E Olaloku (Butldlng nattonal capactty for market-orten ted smallholder datry research and 
development), J Hanson (The grass tS always greener ), S Tarawall (forage legumes boost livestock 
and crop productIOn), A Teale and L Baker (Marker-asststed breeding programmes), S Lebble 
(Networking - but/ding for the future), H A Freeman and S EhUl (Importance of assessing true credit 
constratnt) 

Photographs C Chantalakhana (cover), C Devendra (pp v and Vl), D Elsworth (pp 1, 2 (both), 3 
(both), 6 (both), 8, 10, 12 and 13 (both)), J Hanson (p Vll), Menbere W/GlOrgls (pp 5, 11, 14, 
25, 26, 27, 28 and 29), P Neate (p 9), B Swallow (p 20), S Tarawah Cpp 7, 16 and 18), R T 
Wilson (p 21), E Zerbml Cpp 4 and 22), all other photographs, photographer not known 

Destgn and typesetttng Paul Neate and Tekleab H/Mlchael 
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