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Foreword 

The content of ILCA Annual Report 1989 reflects the continuing consoli
dation and implementation of the Centre's strategies and plans . It demon-
strates the continuing increase in both the quality and quantity ofthe Centre's

,while on-going review processes indicate that the programmeoutput, wable 
choices and implementation modes developed in 1987/88 are as valid now as 
they were then. ILCA's six thrust-based programmes, together with training 
and inform.ition programmes, give a necessary and apparently appropriate 
delineation and focus to both the Centre's own programmes and collaborative 
work in the National Agricultural Research Systems (NARS) ofsub-Saharan 
Africa. 

Research in the cattle and small ruminant thrusts in 1989 emphasised the 
importance of feeding and management in improving the output oflivestock 
systems. It also highlighted the importance of herd fertility management, 
breed evaluation and improved and appropriate milk processing technology. 
Studies carried out under the Animal Traction Thrust again demonstrated 
the very considerable increases in food production that can be achieved 
through the use of animal.-drawn land-shaping implements and consequent 
improved drainage. 

Work under the Animal Feed Resources Thrust offers promise of support 
for NARS research through germplasm storage, evaluation and distri
bution, and for improved feeding of livestock in a range of agro-ecological 
conditions, in particular through such interventions as fodder banks, multi
purpose trees and other forage and feed management systems. 

The Trypanotolerance Thrust has extended its study of methods for 
controlling tsetse challenge and has quantified, in animal production terms, 
the relationships between trypanosome prevalence, tsetse challenge and ani
mal production in susceptible and trypanotolerant cattle. In trypanotolerant 
cattle, the ability to control the development of anaenia has a much greater 
effect on daily weight gain than the ability to control parasitaemia. High 
genetic correlations between average packed red cell volumes (PCV) and 
growth rates suggest the possibility for selection on PCV values to improve 
overall productivity under tsetse challenge. 

Scientists working in the Livestock Policy and Resource Use Thrust 
have continued to monitor the effect of environmental stress on the long
term productivity of rangeland production systems and have greatly added 
to our knowledge ofsuch processes. 

For details, see ILCA's 
Strategy andLong-tern Plan 
(ILCA, 1987) and Sustain-

Production from Live
stock in sub-SaharanAfrica: 
ILCA's programme plans 
and finding requirements 
1989-1993 (ILCA, 1988). 
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In training, 42 scientists completed individual study programmes at 
ILCA, while 12 group training courses were attended by a total of 216 par
ticipants from 39 countries in sub-Saharan Africa. The Centre's Information 
Section, covering library, documentation and publishing activities, continued 
to disseminate results of ILCA's research and to provide NARS scientists 
with the information so vital to the success of any research programme. 

Collaborative programmes (see page 137), especially those involving 
partnerships in research networks with colleagues in NARS, help extend the 
scientific mass of the Centre to levels necessary to have an impact on Africa's 
livestock production. The development ofnetworks associated with ILCA's 
thrusts progressed well in 1989 and this increasingly allowed the Ccntre's 
work, if not its role, to be merged with that of the NARS in sub-Saharan 
Africa. 

The progress demonstrated in this Report took place against a back
ground of stable donor support and participation of the Board of Trustees 
and management in elaboration of the Centre's programmes. By tile end of 
1989, ILCA's administrative and financial structures had been effectively 
aligned in support of the Centre's programmes. 

By the end of the year, the effects of political, economic and social up
heavals taking place throughout the world in the late 1980's were increasingly 
affecting the role and scope of the CGIAR (Consultative Group on Inter
national Agricultural Research) system and, with it. ILCA. Donor support 
was being realigned to recognise newly elected governments in Eastern 
Europe, emerging nations throughout the world and a changed alignment of 
global operating policies and commodity markets. In addition to these 
changes, growing concerns of donors with regard to global issues such as the 
protection of the environment, sustainability ofagricultural systems, gender 
issues and the protection of genetic resources, were added to poverty allevi
ation as major issues tor the international research centres. 

Improving the output of livestock systems is uniquely related to poverty 
alleviation since livestock affect most aspects ofthe economic, social, labour 
and financial structures of African nations. This role of livestock is so perva
sive as to give the prospect ofeffecting profound economic progress in Africa 
to those who can develop sustained improvements in livestock production. 
ILCAjoins with its donors in the pursuit of this important objective. 

Ralph Cummings John Walsh 
Chairman, Board of Trustees Director General 
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Highlights of 1989 

Cattle Milk and Meat Thrust 
Pastoral dairying: In rural Ethiopia, sales of

dairap u ,(30%), 

dairy products, especially butter, provide 20% of 

household income. This money goes to the 

women, and istypically their only source of cash. 

For the very poor, this income is the only means 

to buy food grain, essential for subsistence. 

On-farm butter-making: ILCA has developed 

a wooden agitator which, when fitted inside a 

traditional Ethiopian clay-pot butter churn, re-

duces the time taken to make butter from the 139 

minutes needed with an unmodified churn to 50-
65 minutes. Butter yield is also increased; the fat 

conute othButtermyielk is aloy ncerd; thfat 

content of the buttermilk isonly one-third ofthat 


Peri-urban dairying: Surveys and analyses of 

secondary data indicate that rising urban demand 

for dairy products is coming at a time when most 

African counrries must limit imports because of
 
scarce foreign exchange. ILCA is, therefore, 

placing more emphasis on research to improve 

productivity of dairies primarily serving urban
markets. 

Feeding and management: Allowing calves to 
suckle their darns before and after hand milking
increases cows' milk yield during early'lactation, 
compared with a bucket-feeding regime. Par-
tially suckled calves consumed more milk than 
bucket-fed calves, and hence showed higher 
growth rates up to six months of age. However, 
the amount of milk available for sale was not 
reduced. 
N'Dama vs Fulani: Cattle-owners in southern 
Nigeria believe that the advantages of the N'Dama 

over the White Fulani are its greater disease resist
ance (72%), its ability to graze avariety ofgrasses

its better quality milk and meat (30%), 
and its ability to produce a calf yearly (19%) and 
maintain weight in the dry season (16 %). Its dis
advantages are thought to be its small size (84%), 
wild temperament (47%), low milk yield (29%) 
and low market price (16%) relative to the White 
Fulani. 
Early feed supplementation: A long-term 
study in southern, semi-arid Ethiopia indicated 
tudy suteem -ario p tedindca 
hay supplmentati of cals thumehay (to compensate them for milk lost to human 
consumption) does not lead to sustained increases 
in growth or reduce the time to maturity. The practice is therefore not cost-effective. Interventions in 
such environments should focus more on reduc
ing calf mortality and improving management 
efficiency than on cattle growth perse. 

Small Ruminant Meat and Milk 
Thrust 
Supplementation and drenching: Menz ewesSplmnainaddecig ezee
(two to four years old) supplemented with 300 g
of wheat bran and 150 g of noug cake daily 
showed increased ovulation rates and higher milk 
yields than unsupplemented animals. Drenching 
(against nematodes and trematodes) alone had 
no effect on the reproductive or productive 
parameters studied, but had an additive effect in 
combination with supplementation. Economic 
analysis of these on-station trials indicated that 
drenching and supplementation together gave 
the highest gross margin, but drenching gave the 
highest return on investment. 
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Forage evaluation: Trials in Niger compared 
the palatability and nutritional value of cowpea 
hay and si: local browses - Azadirachta indica 
(neem), Bauhinia rufescens, Conibretuin acuh'atuin, 
Guierasentea h'nsis, A'Iacrua crassfilia and Ziziphus 
,nauritiana- as supplements to a basal diet of 

millet leaves. Sheep readily ate Bauiinia, Coin-
bretun, itziphis and cowpea hay, but not tile 
other browses. In general, the rumen ammonia 
level for sheep fed browse remained below that 
required to maintain ruien microbial growth. 
Alley farming: Alley farming research in 
Nigeria, including livestock components, began 
in the early 19 80s. A 1989 survey among 151 
alley-farining households found that improve-
ment of soil and higher crop yields were the main 
interests of the farmers in alley farming. How-
ever, 90% of the firners had, at some time, used 
prunings as forage, indicating that alley farming 
is recognised as beneficial to livestock production. 

Animal Traction Thrust 
New implements: A tinte bar which attaches to 

Tropical forage legumes: Forage legumes which 
showed promise in initial evaluation trials in 1988 
were tested in agronomic evaluation trials in 1989. 
Accessions of Centroseina pascuorutn and Stylo
santhes guianensis significantly outyielded the S. 
hainata cv Verano check. Stylosanthes guianensis 
remained green during the dry season and proved 
resistant to the futgal disease anthracnose. 
Fodder banks: In Nigeria, fodder banks were in
itially developed to produce high quality feed for 
the dry season, but recent work has indicated that 
they could also be used to provide wet-season feed. 
Studies on fodder banks of Stylosanthes hatnata and 
Centrose,,a pascuoruni indicated that optimum 
benefit can be obtained by grazing them every 
.hree to nine weeks; less frequent grazing leads to 
reduced crude-protein and dry-matter yields. 
Nitrogen cycling: Nitrogen builds up in fodder
bank soil, which encourages invasion by nitro
philous weeds, reducing the nutritive value of the 
forage. This can be avoided by cropping the fodder 
bank periodically. Studies have shown that yields 
from crops planted in fodder banks are higher 

the broadbed maker reduced tillage time to One- than those from crops planted on natural fallow.thAlthoughenitrogenrapplicationastillmincreases 
sixth of that needed with a traditional Ethiopian 
plough (4 h/ha versus 24 h/ha). Reduced tillage 
also extends the life of broadbeds over several 
seasons. 
Soil drainage: On Ethiopia's Vertisols, using 
draught-animal power for landshaping and to 
provide drainage allows farmers to plant high-yielding, long-season bread wheat at the begin-
ning ofthe rainy season. Yields are twice those ofwheat conmmonlythe local, short-seasonthe oca, durum11drui whatsortseaon ommnly 
planted after the rains to avoid waterlogging, a 
problem of Vertisols. 
Feeding strategies: In Mali, on-farni trials with
draught oxen revealed no relation between tile iive-
weight, size or body condition of oxen and theirperfortancein terms ofspeed or duration ofwork-

ing, or force exerted. This suggests that dry-season 
supplementation to support weight gain and gen-
eral condition at tile start of cultivation will not 
improve work output or lead to increases in the 
amount of land cropped or crop production. 

Animal Feed Resources Thrust 
Forage gcrmplasm: In 1989, ILCA's forage 
germplasm collection grew to more than 10000 
accessions of grass, legume and browse species. 
The i-lrbage Sced Unit was established to stiIu-
late and sustain the production and supply of 
forage seed in national agricultural systems. 

Although nitrogen application still increases 
yields, less is needed on fodder-bank plots. 

Trypanotolerance Thrust 
Animal response to tsetse challenge: At sites in 
C6ted'lvoire, Ethiopia, Gabon and Zairetrypano

some prevalence among livestock was directly andsignificantly related to tsetse challenge. However, 
for a given level of tsetse challenge, the mean trytrpanosome prevalence in trypanosome-susceptible 
cattle was twice that in trypanotolerant breeds. 

Trypanotolerance: Packed cell volume (PCV) 
appears to be an effective, relatively easy way to 
measure trypanotolerance. Studies in Zaire showthat the ability to control the development of 

anaemia (measured as maintenance of high PCV 
during trypanosoie infection) was significantly 
related to shorter calving intervals, increased calf 
weaning weight and increased productivity of 
N'Dama cows. 
Field test for trypanotolerance: In Gabon,
yearling N'Dama were maintained on ranches for 
12, 18 or 24 weeks under noderate natural tsetse 
challenge. The ability to control anaemia had 
greater effcct on weight gain than did the ability 
to control parasitaenia. The minimum test 
period required to evaluate anaemia control 
under this level of tsetse challenge was found to 
be six weeks. 
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Effect oftrypanosome infection on N'Dama women planting trees, call serve as obstacles to 
reproduction: Studies on N'Dama cows under fodder-tree development. 
ranch conditions in Gabon showed that neither 
treatment with Samorin nor parasitaemia in un- Training and Information 
treated animals affected the calving rates of cows Futureprogramme: A Training and Information 
that had been dry during the breeding season, planning meeting produced a plan of action at 
Among lactating cows, however, the calving rate ILCA for 1991 -95. The meeting, which brought 
was lower in untreated than in treated animals, together seven ILCA staff membcrs and six scien
indicating that trypanosonliasis impairs fertility tists from national research and training institutes 
of cows stressed by lactation, in sub-Saharan Africa, used a goal-oriented project 

Genetics of trypanotolerance: In Gabon, the planning method. 
genetic parameters for control of anaemia were Training policy: Work began on a Training pol
evaluated for the first time under field conditions. icy and procedurcs emanual which will provide a 
Heritabilities for average PCV and lowest I)CV written refe.rence to all policies, procedures and 
were 6 4 % and 50%, respectively, when environ- guidelines on ILCA training opportunities for 
mental factors and parasitaeniia were taken into ILCA staff (advisors and supervisors) and for 
account. Genetic correlations with growth w'ere trainees. 
0.70 and 0.28, respectivc!y. 	 Individual and group training: Forty-two 

Parasitacmia was detected in only 28% of scientists completed individual study programmes 
the animals. If all animals could have become with ILCA in 1989. Twelve group training courses 
parasitaemic ovec" the short test period, either were offered during the year, including five new 
naturally or artificially, the values for heritability courses. Six courses were in French and six in 
and genetic correlations would probably have been English. From the 857 applications received, 216 
even higher. Thus, selection for 1)CV measured participants, from 39 sub-Saharan countries, 
over a short test period appears to be an effective wrc able to attend. 
strategy for rapid genetic improvement oftrypano
tolerant cattle. 	 Library: Library acquisitions in 1989 brought 

the total holdings to 25 456 books, 6139 reprints, 
26099 microfiches and 1804 periodical titles. 

Livestock Policy and Resource Use The library has also acquired the AGRICOLA 
database on CD-ROM.Thrust 
Information services: The number of users of the 

Livestock pricing policy: Economic analysis Selective Dissemination of Information (SDI) ser
of beef-price data from Nigeria indicated that, oil vice has increased to 1015 in 46 African countries. 
the basis of official exchange rates, beef pro- Publications: More than 50000 publications 
duction was subsidised between 1975 and 1986. 1 " 
However, when the exchange rate was adjusted were distributed in 1989. New publications dur

for the differential inflation rate between domestic ing the year included: ILC.I in print, a catalogue 

and foreign economies, it was apparent that beef listing all the major publications produced by 
to ILCA staff since 1974, two new Monographs andproducers were implicitly taxed from 1979 

three new Research Reports.1985 by te over-valuation of local currency. 
15 b te tNewjournal: 	 Issue 35 ofILCA Bulletin, publishedLand and tree tenure: In West Africa, tree in D~ecember 1989, was thle fimmal issue ofthat pub

rights may be separate from land rights and de- lication. l)uring 1989 plans were made to launch 

pend on whether trees are already planted or self- ai nationa ns wed o lan 
sown wh spcies an howand Liv~estockinternationallyResearch. reviewed journal, Africansown, who planted them,platedthemspecies, and how and a new 

in what way they are used or disposed of (de
stroyed, lent, leased, pledged, sold, given away). 

Control over land allocation generally rests Networks 
in the hands of larger corporate groups, such as 
the village (or its designated representative). During 1989, major progress was made in the or-
Women rarely have land rights. Even their right ganisation and operation ofcollaborative research 
to use land comes through their husbands or other networks involving scientists from African 
male family members. Women's rights to and national agricultural research systems (NARS). 
their control over trees can differ from those of Cattle Research Network: The decision to 
men. Sonic differences, such as prohibition on form a collaborative cattle research network for 
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West and central Africa was taken in October 
1988 at a workshop held in Ibadan, Nigeria, 
ittended by 67 NARS participants from eight 
countries in the region. A similar network for 
East and southern Africa was established at a, 
second workshop, held at Kadoma, Zimbabwe, 
in June 1989, and attended by 48 participants 
from NARS in seven countries. 
Small Ruminant Re search Network: At a 
meeting held in l3amenda, Cameroon, in January 
1989, the Small Ruminant Research Network 
began the transformation froi an information 
exchange group to a fully fledged collaborative 
research network. Later in the year, reg;onal 
workshops were held in Togo .and Zimbabwe. 

West African Animal Traction Network(WAATN): in May 1989 ILCA hosted a pro-

tocol planning meeting of this Network. Re-
search protocols presented by participants from 
11 countries were reviewed before presentation 
to donors, 

Feed resources networks: The Pasture Network 
for Eastern and Southern Africa (IIANESA) held a 
workshop on "Regional Collaborative Research 
Planning on Sesbania Multilocational Evaluation" 
at Kisumu, Kenya, inAugust/September 1989. 
Tw'elve major screening sites, covering a wide 
range ofenvironnients, were identified in Kenya, 
Rwanda, Tanzania, Uganda and Zimbabwe. 

A joint ARNAB (African Research Networ 
for Agricultural Byproducts)/PANESA training 
workshop on "On-firmn Animal Feed Resource! 
Research Methodology and Data Analysis" wa 
held at Egerton University, Njoro, Kenya, ir 
November 1989. It was attended by 23 participant, 
from seven countries. 

The decision to form the West and Central 
African Feed Resources Network was taken at a 
meeting in Avetonou, Togo. Participants from 
nine countries inI the region, and from the French 
Institute.d'devage et de niMdecine vdtdrinaire des 
pays tropicaux (IEMVT), Centro lnternacional 
de Agricultura Tropical (CIAT) and ILCA 
elected an interim steering committee and formu
lated research protocols for 1990. 
1990 The threea NetworksAfricanhave agreed to merge ininto single feed resources net
work. 

African Trypanotolerant Livestock Net
work: The Network held its biennial meeting in 
Kenya in April 1989 at which scientists from nine 
NARS presented research results and redesigned 
protocols. 
African Livestock Policy Analysis Network 
(ALPAN): Membership of this Network has 
now increased to over 1000: 80% ofthe members 
'ork in sub-Saharan Africa, with about two
thirds of these serving in government. 
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Cattle Milk and Meat Thrust
 

The basic goal of the Cattle Milk and Meat Thrust is to increase the sustain
able output of milk and meat from cattle in the mixed crop-livestock small
holder production systems of sub-Saharan Africa. The Thrust's research 
programme focuses on these production systems because they appear to 
offer the best opportunities for increasing milk and meat output, and hence 
food production as a whole, in the foreseeable future. 

This is largely due to mutually beneficial interactions between crop and 
livestock production in these systems. Draught power and manure from 
cattle are important inputs in crop production, while crop byproducts and 
residues provide feed for cattle. This is particularly true in the highlands of 
East Africa and in most subhumid areas. In these areas, the potential for 
increased milk and meat output is further enhanced by possibilities of incor
porating forages in the cropping lands. 

In the humid zone of West and central Africa, diseases, especially 
trypanosomiasis and derniatophilosis, are major constraints to cattle pro
duction. However, if they can be controlled the potential for milk and meat 
production in this zone is vast. The incidence oftrypanosomiasis decreases 
markedly where the rain forests of the humid zone have been opened up by 
fire and prolonged human activity. This area, known as the derived savannah, 
is being increasingly cropped, offering new opportunities for cattle production. 
The challenge for the Thrust here is to devise technologies that allow sustainable 
production of milk and meat. 

This report presents results from some of the Thrust's subprojects 
executed during 1989. 

Economics of cattle production 
Research under this theme focuses on constraints arising from socio
economic and institutional factors which limit sustainable increases in milk 
and meat from cattle. 

Major activities under this theme include: 
* identifying constraints to and opportunities for increased mcat and milk 

production, in particular through examining commodity price policies,
 
the supply of inputs and marketing systems
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investigating marketing strategies, quantifying present and future 
demand for milk, milk products and meat, and analysing credit policies 
for smallholder cattle producers 

* 	 assessing the economics of new technologies to determine how much 
productivity needs to be increased, or what risks need to be reduced, to 
ensure adoption. There is also a need to determine the benefits of new 
technologies in terms of output, income stability and welfare and to 
whom such benefits accrue. 

Patterns of consumption of dairy products 
in West Africa 

Data from the Food and Agriculttre Organization of the United Nations 
(FAO) indicate that annual consumption of milk and milk products in West 
Africa increased from 15 kg per person in 1974-76 to 18 kg per person in 
1983-85 but fell to only 12 kg per person in 1985-87. Milk production 
increased only slowly during the 1970Js and 1980s and even declined in drier 
areas of the region. In contrast, imports increased rapidly during the 1970s 
but subsequently declined, their share of total consumption falling from 
45% in 1983-85 to 36% in 1985-87. 

Figure 1. Distribution qf agqregate 1985-87 desatid Tfriiilk anid milk pr dd(ts ini I Vest Africa. 
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Source: Adapted from FAO 1985-87 data on dairy production and imports. 
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A study was carried out in 1989 to determine the pattern and distribution 
ofdairy consumption in West Africa in 1985-87 and trace some of the more 
obvious factors that have led to this consumption situationl. 

Aggregate dairy demand in West Africa for 1985-87 was estimated 
from FAO milk productionl and import data. This was then disaggregated 
by product type alld origin (local or imported), by ecological zone (dry or 
huimid) and 1,y rural and Urbaui areas. 

In the 16 countries of West Africa. COnsu i ption of inilk and milk prod
ucts averaged 2.6 million tonnes (liquid milk eqLiivalint) a nnually ill1985
87. This is roughly 1).5 million tonnes a \ear less than iii1983-85. Per caput 
dairy consumption fellfrom I I kg itl1983-85 to about 6 kg in 1985-87 in 
the hu mid zone, ald from 45 kg to 41 kg in the dry zon~e. This large hiallin per 
caput co sunIptiOnl in the humid zone was reflected in a fill in the proportion 
of consumption accounted for by that zone, from 49% in 1983-85 to about 
401% in 1985-87. 

Figure I shows the anounit IInd type of dairy products consumed 
in West Africa in 1985-87. Local products accounted for about 71%, of 
consuI ptiOII in the dry zone, conpared with only 54% in the huind zone. 
The equivalent figures tor 1983-85 were 72% inlthe dry zonc and 38% in the 
humid zone, reflecting the decline in imports between 1983-85 and 1985-87. 

In the dry zone, the proportion of consumption accounted for by urban 
dwellers increased slightly from 21% ini 1983-85 to 23% ill1985-87, 
whereas iin front 621% to 46%.the humid zone it f'cli 

I)airy consunption in West Africa is taling, especially in the hu mid 
zone, which depends heavily on imported dairy products. Imports are likely 
to continue to decline as their cost increases (Figure 2) and as income growth 
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Index for industrial countries (1980 = 100). 

Sources: World Bank,Commodity and pricetrends (various editions). 
USDA (United States Department ofAgriculture), World dairy situation (various years). 
IMF (International Monetary Fund), Internationalfinancial statistics (various years). 
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slows. Further studies are required to develop a fuller understanding of the 
different milk supply and demand relationships in the region as the basis for 
policies that will promote cfficient use of local dairy production resources 
and more sustained milk consumption patterns. 

Senair Seyoum and R. Brokken 

Socio-economic obstacles to increased production 
and consumption of milk 
A study was conducted in Biamako, Mali, from October 1988 to September 
1989 to investigate differences between income groups in consumption of 
the various dairy products available in Bamako; to ascertain why some dairy 
products were not constmed; and to determine the relationships between 
dairy consu,mption, income and prices, as well as the influence of season and 
socio-economic and demographic parameters on dairy consumption. 

A two-stage sampling procedure was used to select 240 households in 
Bainako. In the first stage, city wards (quartiers) were selected from each of 
the city's six administrative zones (communes), based on knowledge ofwhere 
in the city the majority of the poor, middle-income and rich households are 
concentrated. In the second stage, households were selected at random and 
those that were willing to participate in the year-long survey were included 
in the sample. An initial questionnaire ascertained the number and ages of 
people in each sample household, and their level of cducation, ethnlicity, 
religion and employment, as well as the total monthly income ofeach house
hold. Data were subsecqucntly collected from each household between October 
1988 and September 1989. Household heads were interviewed weekly for 
eight weeks during each of the three seasons (cool dry, hot dry and rainy) of 
the year. Data collected included the amounts and types of dairy products ac
quired and consumed, and the amount spent on them. 

Preliminary results for the cool dry season in 1988 were reported in 
ILCA Annual Rei(rt 1988 (pages 24-26). This report presents results cover
ing the full-year study. 

Household income averaged 85 000 FCFA/month (S284) (Table 1), 
ranging from 450(1 FCFA/month (S15) to 700 000 FCFA/month (S2333). 
The poorest 10% of the households had 1% of the total income, while the 
richest 10% received 36%. Although the sample was initially post-classified 
into five homogeneous income categories, it was later reclassified into three 
income categories: the poorest 25% of households, the middle 50% ,and the 
richest 25%. Poor households hLed monthly incomes of between 4500 FCFA 
(S15) and 30 (10(1 FCFA (SI ()() and middle-income households had incomes 
of between 30 000 FCFA and 100 000 FCFA (S333) per month. Rich house
holds had monthly incomes of more than 100 000 FCFA. 

The average household comprised 10.6 people, half of whom were less 
than 16 years of age. Poor households were smaller than middle-income or 
rich households, yet spent a larger proportion of their monthly income on 
dairy products. They also had a larger proportion of members who were 
uneducated or involved in manual labour than did rich households. Only 4% 
of people in the sample had six or more years of formal education; 32% had 
none. Nearly halfof the workers in the sample were employed by government. 

Thirty per cent or more of the households consumed locally produced
fresh and sour milk, factory reconstituted liquid milk, imported concen
trated milk and milk powder at least once a week. Locally made sweetened 
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Table 1. Htousehold dairy coisunlptim patterns by iticottn, Battiako, %fali, 1988/89. 

Income category 

Whole Poorest Middle Richest 
sample 25% 50% 25% 

Number ofhouseholds 237' 54 120 63 

Average household income 85 370 19472 61 722 185 309 
(FCFA/nonth) (85 949) (8 012) (21 593) (109 189) 

Dairy consumption pattern 

(% ofhouseholds) 

Regularly consume dairy products 75 51 79 92 

Rarely or never consume dairy products 25 49 21 8 

Consumption 

kg LME/person per year 12(10) 6.4(4.7) 11.8(5.2) 22(8.1) 

Local products (%) 34 37 33 60 

Factory products (%) 12 29 19 15 

Imported products (%) 54 34 48 25 

Dairy expenditures 

% ofhouschold budget 2.6 3.4 2.5 1.8 

Three households dropped out of the study before its completion. 

Figures in parentheses are standard deviations. 

LME = liquid milk equivalent. 

sour milk, local butter, factory produced buttcr and cheese and imported 
fresh UHT milk, yoghurt, cheese and buttcr were consumed very irregularly. 
Shortage of money was cited as the major reason limiting consumption, 
particularly by poor households in respect ofiniported and factory produced 
products. Other reasons cited included dislike of dairy products, non
availability of some products, or lack of awarcness of what products were 
available. 

Sample households consunicd an average of 12 kg liquid milk equivalent 
(LME) per person per year, consumption ranging from 6.4 kg in poor house
holds to 22 kg in rich households (Table I). The type of product consumed 
differed markedly between income groups, with rich households showing a 
strong preference for local products. Fresh and sour milk together accounted 
for 96% of total local dairy product consumption. 

The amount of imported dairy products consumed did not differ 
significantly (P>0.05) between seasons, but consumption of local products 
was markedly higher during the rainy season than in the hot dry or cool dry 
seasons. In the hot dry season, for example, only 6(1% as much local dairy 
product was consumed as during the rainy season. Socio-economic parameters 
did not significantly affect demand for dairy products, which was generally 
income inelastic, with coefficients ranging from 0. 14 for factory pasteurised 
milk to 0.49 for imported concentrated milk. Demand for factory reconstituted 
and imported concentrated milk was price elastic (-1.62 and -1.50, respect
ivcly), while demand for local fresh milk was price inelastic (-0.53). The 
cross price effects show mixed results, but in general, local fresh milk has 
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positive cross price coefficients with imported dairy products (substitutes), 
and negative coefficients with local sour milk (complements). 

The income and price elasticities for each income group were used to 
assess the implications of the Malian Government's goal of increasing annual 
dairy consumption to 40 kg LME per person by the year 20)0. To achieve 
this, dairy consumption wvill, over the next 10 years, have to increase by 13% 
a year for the sample as a whole, by 23% a year for poor households and by 
6% a year for rich households. This would require substantial reductions in 
dairy-product prices or large increases in incomes, or both. Increasing local 
milk production by introducing low-cost production techniques, efficient 
feeding systems, improved health programmes and cfficient marketing 
systems may lead to lower prices for dairy products, which may in turn 
increase dairy consIumuption. 

S. Debrah and S. Sounare 

Collalorator: Institut natiinal d recherche zootechniqu', forestire et 

hydroIiohvgiqii, Mali 

Milk marketing and consumption in Nigeria 

The indigenous people of southern Nigeria, mainly Yoruba and Igbo, did 
not traditionally keep cattle for their milk, and hence rarely consumed milk. 
Their consumption of milk and milk products has increased in recent years 
due to the influx of transhumant and semi-settled Fulani cattle rearers in 
some parts of the region, which has increased the availability of these 
products. 

Since the 1940s, an increasing proportion of consumption of dairy 
products by urban dwellers in Nigeria has been met by imports, much of 
them consumed in the south. The introduction of the Structural Adjustment 
Programme in 1986 increased the price of dairy products and may have 
caused a decline in dairy-product consumption. 

A survey was conducted between October 1988 and March 1989 to 
determine the dairy consu,mption patterns of various segments of the popu
lation in southern Nigeria and factors shaping these patterns. The objectives 
were to help predict future demand, particularly for domestic products, and 
devise production and marketing strategies. This report presents results of 
preliminary analyses of the survey data. 

A stratified random sample of 1185 households were interviewed in 
Oyo State in the south-west and Anambra and Ino States in the south-east. 
The sample comprised 996 households of people indigenous to the region, 
412 in rural areas and 584 in urban areas, and 189 Fulani or Hlausa households, 
101 of them rural and 88 urban. Data were collected on family composition 
and income, how often each household consu,med various dairy products 
and how muLch they consumed, from where they obtained dairy products, 
the form in which they were used and their prices. Data on expenditure on 
selected food items were also collected. 

Table 2 sumnarises information on the frequency with which sample 
households consume different dairy products. The type of product consumed 
and frequency of consumption differ markedly between ethnic groups, 
urban and ru il populations and between south-cast and south-west. Indigcncs 
in the south-east do not consume local dairy products. In contrast, 80% of 
indigenes ill the south-west consume wara, a local soft cheese, and some 
consume fresh or sour milk or butter. People in rural areas consume local 
dairy products more often than do those in urban centres. 
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Table 2. Frequency ,f hniscthild ccInsui tioin ifdair), ii,,lcs I,), hicait)nand t))t t her1I1tc,,t.dltncr,
 
soithern Ni.eria, I ',9.
 

Product and Southern indigencs Fulani/-lausa
 
frequency of
 
consuIIption South-wcst 
 South-cast South-west Soulth-cast 

-- "Y ofhouseholds consuintng 

Local products 

Fresh/sour milk 

Regular 5 98 96
 
Irregular 10 
 2 

Yoglurt 

Regular 34 93
 
Irregular 
 7 

II tan 
Regular 30 70 
Irregular 50 11 4 

Butter (Regular) 2 79 97 

Imported products 
Liquid tiilk 2 8 
Yoghurt
 

Regular 10 22 
Irregular 24 10 7 

Evaporated nuilk
 
Regular 46 48 
 41 27
 
Irrcgular 44 
 23 11 4
 

Powder milk
 

Regular 16 14
 
Irregular 26 15 
 4
 

Baby milk 12 10 
 10 11
 
Butter (Irregular) 6 
 3 3 
Ice cream
 

Regular 14 10 
 II
 
Irregular 31 17 
 11 

Regular = daily/weekly: irregular = monthly/rarely. 

Indigcnes in both the south-wcst and the south-cast consumc similar
proportions of imported or import-based dairy products, the most 
frcquently used being evaporated milk. 

Consumption of imported dairy products is more common among
Fulani and Hausa households in the south-west than among those in the
sou~th-cast; nearly all those that consume imported products arc urban rcsidcnts.
Among the local products consumed in the south-west, rural Fulani take
fresh milk whereas urban Hausa take sour milk because fresh milk is not
available. In the south-cast rural and urban Fulani consume both fresh and 
sour milk. 
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Preliminary analyses and observations indicate that the market for 
domestic products is limited more by lack of appropriate ways to preserve 
and transport dairy products than by lack ofdemand. This hypothesis will be 
more rigorously tested. 

M.A.Jabbarand L. Reynolds 

Characterisation of coastal subhumid farming 
systems in Kenya 

The coastal subhumid zone of Kenya and similar environments elsewhere in 
East and southern Africa have good potential for milk production, yet 
demand exceeds supply. Most milk sold on the Kenya coast comcs from. 
dairy cattle kept on large and medium-scale farms, but development efforts 
are directed at a smallholder zero-grazing schemc. During the rainy seasons 
sonic milk from zebu herds in the neighbouring semi-arid rangelands is also 
sold. 

Smallholders are increasingly interested in dairying because of recent 
advances in the control of the major cattle diseases, trypanosomiasis and East 
Coast Fever, and in forage production. This interest is being supported bv 
the development of the zero-grazing scheme and by a programme of 
collaborative research by the Kenya Agricultural Research Institute and 
ILCA, assisted by several other national and international institutions. The 
research began in late 1988 with surveys to describe the farming systems and 
to assess the importance of cattle, and particularly dairy cattle, in those 
systems. 

The surveys were carried out in Kalolcni Division, Kilifi l)istricc, an 
administrative area to the north-west of Mombasa, in which there are three 
distinctive agro-ecological zones, the seni-arid "livcstock-millet" zone and 
the subhumid "cashew-nut- cassava" and "coconut- cassava" zones. Some 
1800 households in the two subhumid zones were interviewed in December 
198S andJanuary 1989. This sample represent 10 to 15% of all falrm,:rs in the 
two systems. 

louseholds comprised an average of more than 12 people, nearly halfof 
whom were under 16 years old. Only 4% of household members were over 
60 years old. More than 86% of adult fcmalcs rcsidcd permanently on the 
farmi, in contrast to only 60% ofadult males. These results suggest a population 
growth rate of 4% a year since the last census in 1979 and a mean population 
density of about 250 people per square kilonetre. They also indicate the 
importance of off-farm male employment. 

Ninety-five per cent of the farms surveyed were freehold and occupied 
by the owner. In the coconut-cassava zone 70% ofhousehold plots were less, 
than 4 ha. The mean and nodal sizes were close to 2 ha. However, 64% of 
the households inthis zone had access to at least one other plot of land. By 
contrast, household plot sizes in the cashew-nut-cassava zone were similar 
to those in the coconut-cassava zone, but only 22% of respondents had an 
additional plot of land. Mean distance to the second plots was 3 km in both 
syst ems. 

Tree cropping predominated in both systems. Coconuts were grown as 
a cash crop by 90% of farmers in the survey. Cashew-nuts (51%), citrus 
(27%), mangoes (18%) and oil crops (19%) were the other cash crops 
recorded. Maize and cassava were the major subsistence crops and were 
grown by more than 90% of farmers. Other subsistence crops were peas 
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(27%), rice (21%), bananas (14%) and Phaseolusbeans (10%). Most plots 
were intercropped and farmers in the coconut-cassava zone commonly planted 
two crops a year, whereas those in the casheCw-nut-cassava zone grew only 
one crop a year. 

The proportions of farms with livestock and the types of livestock kept 
were very similar between the two zones (Table 3). Mean herd and flock 
sizes were small: 12.9 and 9.1 in the coconut zone and 20.7 and 9.7 in the 
caslhew-nut zone. 

Table 3. N nibcr l.limnis surveyed in the cactoia- assaiva nd cashcli-nnt-cassa'aagr(-ecoloIicalzones 'jf Kalolcni l)iI',ision, Kenya,, elassltd !bypresence *'rahs',ie v/catth"and sm~aIll minants. 

Numbers of farms 

Cocoiiu.- cassava CashemV-nut-cassava 
7OI1C ZOII 

rype oflivestock Number %l Number % 

None 505 36 164 35 

Small runinants only 642 46 207 44 

Cattle amd small rumilnants 175 13 72 15 
Catticonly 69 5 26 

Total 1391 100 469 100 

Farmers ranked crop and livestock diseases and lack of capital as the 
most critical problems facing them. Catde owners ranked poor extension 
support and shortages of feed as their most critical problems. 

These results indicated that government statistics overestimate the 
number of dairy cattle in the Kalolcni study area. A census of all farms with 
cattle in Kaloleni D ivision was carried out, mainly in April and May 1989, in 
collaboration with the Ministries ofLivestock and Agriculture to verify this 
and to describe the cattle subsystems. Cattle were classified as either local 
East African Zebu or grade cattle, ie, exotic breeds or their crosses with zebu. 

Of 1552 households with cattle, 32% were in the coconut zone, 39% 
were in the cashew-nut zone and 29% were in the semi-arid livestock-millet 
zone. Mean herd size was larger in the subhumid zone than in the semi-arid 
zone: more than half of the 56 000 zcbu cattle covered by the survey were 
found in the semi-arid zone. In contrast, more than 80% of the nearly 900 
grade cattle were in the subhumid zones, more than half of them in the 
coconut zone. The exotic breeds contributing most to the grade cattle popu
lation were Sahiwal (36%), Ayrshire (34%), Channel Isiand breeds (26%) 
and Friesian (18%). 

The number of grade cattle per farm was small; more than 90% offarms 
had fewer than 10 (Figure 3). All grade cattle were stall-fed whereas 23% of 
zebu cattle had access only to grazing. Thirty-six per cent ofiherds with grade 
cattle used zero-grazing and semi-zero grazing systems based on planted 
forages, concentrate feeding or both. Maize bran and copra cake were the 
most frequently used concentrates. 

Natural pasture is still the main feed source for cattle in these zones, but 
increasing population pressure and farm subdivi3ion is likely to lead to 
increasing intensification. Research is therefore being focused on the technical 
and socio-economic constraints to intensification. The research includes 
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Figure 3. 
Im',tency ,hsirihnion,, of 
nignher f rame ctlh perhe'rd 
in the c('s(),nl i 1 a-cand 

cashew-nug-cassava a lro
ra,loqical ..tones cif Kaloh'eni 

1)i,'isioin, Kenya, 1989. 

farm management economic analyses to estimate tl'', relative contributions 
of the various farm enterprises and of any oft-farn income to household 
income in a stratified sample of smallholder t'arins. 

I.N. Chabariand IV. ITorle
 
Collaborator:Kenya A,' riculturalResearch Istitut (KARI)
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Pastoral dairy-marketing interactions 
and their implications for calves and humans 
in semi-arid Ethiopia 
Recent studies have shown that pastoralists sell dairy products more than 
was previously thought, and that income from dairy sales ,.in bc important 
to pastoral econonlies. l)evelopnient projects in semi-arid Ethiopia are 
exploring ways to diversify the source and facilitate generation of pastoral
income and hence improve food security. 

In 1987/88, ILCA, at the request of the Third Livestock Developieni 
Project of the Ethiopian Ministry of Agriculture, surveyed a total of' 
140 Borana households to investigate: 
0 the effects ofdistance to market, season and family wealth on dairy sales 
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" the contribution of dairy sales to the household economy 
0 the implications of dairy marketing for the nutritional welfare of people 

and calhes 
* 	 appropriate interventions to facilitate dairy marketing.
 

The results of this survey were analysed in 1989.
 
The households surveyed were stratified by wealth class, based on the 

ratio of lactating cows to reference adults (poor = 0.5 lactating cows per
adult African male equivalent [AAME], wealthy = 2 lactating cows per
AAME), and distance to one of two small market towns. Adult women at 
pastoral encampments were questioned about milk production, sources of 
income, frequency of dairy sales, income from dairy sales, use of dairy
income and variation in dairy sales between seasons. Cattle productivity was 
estimated from cow histories developed through interviews with owners. 
Data were analysed using standard procedures for four-way (market site, 
season, wealth and distance) ANOVA for dairy marketing and for two-way
(wealth and distance) ANOVA for cattle production studies. 

Dairy marketing contributed an average of 20% to the annual mean 
household income of Ethiopian Birr 405 (USS 195) (n = 86). This money 
went to the women and was typically their only source of cash. Among poor
families, dairy income accounted for between 37% of annual income for 
those within 10 km of market and about 1% for those 20-30 km from 
market. The figures for wealthy families (over the same distances) were less 
variable at 22% and 14%, respectively.

Dairy sales were highest in the wet season, falling to only 17% as much 
in the dry season (Figure 4). Households within 10 km of market sold up to 
12 times as much dairy products as those 20 to 30 km from the market. 
Across distances and seasons, wealthy households sold much more dairy 

Poor Middle class Wealthy 

Sales 
(litres/ 
AAME/ Wet Transition Dry
day) season season 	 season 

1.2 

1.4-\ 

1.0-; 

0.8-

0.6-

0.4-

0.4 \.. 

\ 	 k 

0.2" 'X 
% ... \ 

0 
_<19 11-20 21-30 <10 11-20 21-30 _-10 11-20 21-30 

Distance from market (km) 

Figure 4. 

Reported dairy sales (litres
of milk equivalents on an 
energy-content basis) per 
reference individual (adult
African male equivalent-
AAME) per dayforpastoral 
households of varied wealth, 
at various distancesfrom 
market and at different 
seasons, southern Ethiopia, 
1987. 
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products than poor households, but income from selling dairy products pro
vided a larger proportion of income for poor households, which had tfcw 
aininals and did not produce other marketable commodities. Poor families 
typically used dairy income to buy food grain, while wealthier families used 
dairy income in a more discretionary fashion. Butter was the product most 
commonly sold, and was consumed locally or taken by traders, using the 
public transport system, to the nearby southern highlands. 

Poor families within 5 km ofa market reported the highest rate of milk 
offtake per cow (63% of quarters milked versus an overall mean of 47%), 
which suggests that marketing opportunity intelsified competition between 
people and calves for milk. This additional offtake, which equates to about 
50(0 ml of milk a day per household, was primarily sold to purchase grain, 
buying about 1.75 kg. Women in oIuseholds within 5 km of a market 
consumed 32% more grain than did those more thai II kin from a market. 

The loss of milk to the calf may have led to higher calf morbidity; poor 
families close to markets reported significantly (P <0.05) higher incidence of 
calf illness than did those further from a market. 

These results suggest that pastoral dairy marketing is coimon ill the 
southern rangelands within 30)km of small towns, amd wealth classes differ 
in their response to the opportunlity to sell, which varies with their proximity 
to market and their milk supply as influenced by household demand and 
season. Women sell more when closer to market because they have less 
walking to do to get to the market. The poor sell milk as part oftheir survival 
strategy, selling small quantities of milk that would not have met their 
subsistence needs to buy larger amounts ofeenergy iin the form of grain. This 
is possible because of the favourable terms of trade and diCmostratcs that a 
family nced not have a milk "surplus" fbr dairy marketing to be important. 
In addition, dairy sales improve food security for all households by providing 
more regular income and by delaying crisis sales of livestock. 

Dairy marketing could best be assisted by Iiacilitating transport of butter 
to market from remote areas. There is also a need to increase the availability 
of grain for sale in the rang,'lands and to improve forage-based calf feeding 
management to reduce the risk of nutrition-related calf mortality resulting 
from competition for ,nil. The poorest women need opportunities to 
generate income other than selling milk to alleviate the pressure on them to 
sell dairy products that might otherwise be consumed at home. 

D.L. Coppock, S. Holh'n and Allu ' eta Assefl1 

Collaborator: Third Liv'estock Development Project, Ministry 
qfAgriculture, Ethiopia 

Multilocational testing of fodder banks 
in the subhumid zone 
Fodder banks arose from ILCA's research on dry-season feed supplementation 
of traditionally managed cattle in the Nigerian subhumid zone. Producer
managed trials have demonstrated that using fodder banks helps boost live
stock productivity and they are being adopted widely. However, little is 
known of the effect they are having on adopters who have not been associated 
with the orginal research programme. Feedback from such adopters provides 
valuable information for evaluating the innovation and improving the effec
tiveness and adaptability of fodder banks. Technical and economic par
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ameters related to fodder banks are being surveyed to determine the benefits 
of adopting fodder banks and constraints to their adoption. 

Fodder-bank owners and extension agents were interviewed in 1989 to 
determine factors influencing todder-bank adoption. An adapted multiple
choice questionnaire was used, in which the respondent had to give a quan
titative value to each answer, with the total value of all choices summing to 
I(1
regardless of the number of alternatives selected. 

Fodder-bank owners rated lack of extension as the most important 
reason for non-adoption (R = .52), with inappropriate land tenure as the 
second most important (R = (.3). The extension staftrated inappropriate 
land tenure (R-= 0.33) and inadequate input procurement and delivery 
(12 = V1.33) as the primary constraints. 

Fodder-bank owners confirmed the lack of help from the extension 
services by reporting that their main source of information about the Codder
bamk concept cane from the Miyetti Allah Cattle Breeders Association 
(R = 0.33), with extension staff as the second most important source of 
information (R = 22). Radio and newspapers vere not important sources 
of information. 

All cited R2 were highly significant. 
Fodder banks were originally designed tor settled Fulani agro

pastoralists but are also being adopted by other ethnic groups. Less than half 
of the adopters are Fulami (Figure 5). Non-Fulani adopters have easier access 
to extension services because they are more literate and therefore seek such 
services, and beCause there are more extension staff from their own 
comiiniunities, so it is easier for them to communicate with the extension staff 
thai it is fIor the Fulani. Land teure also poses a bigger problem for agro
pastoralists. In most areas crop farmers and their traditional rilers control 
access to land. The government is gazetting grazing reserves to help 
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agropastoralists acquire land but to date only 3.5% of the land tinder fodder 
banks is inl the grazing reserves. Apart from that within grazing reserves, 
60% of the land under fodder banks was inherited (Figure 6). Agro
pastoralists arc able to acquire land for fodder banks nainly by buying it or, 
more commonly, borrowing it fi'oni arable farning communities, but only 
16% of the land under fodder banks had been obtained this way. 

0 Communal 

Figure 6. 
Means by iich lamid was 

~Bought 
acquiredby.Jtddhr-bank 
ownmers in N eria. Borrowed 

Inherited 

1+ Other 

These preliminary results indicate that rapid spread of fodder banks is 
dependent on a .,trong and effective extension service. New adopters neced 
more extension support than was originally envisaged and it will be necess
ary to involve crop-oriented extension staff, who are more numerous tlh i1 
livestock-oriented extensionists, in spreading the forage legume production 
technology. Research on crop-livestock interactions has demonstrated 
strong benefits to crops, which should encourage their participation. 

R. von Kiiiiiannand B. Hassane 
Collaborator: Utah State University, USA 

Feeding and management systems 
The amount and quality of feed available are the main determinants of tie 
productivity of cattle in sub-Saharan Africa. Feed shortages occur mainly in 
the dry season but may also occur during the wet season. 

Poor nutrition can lead to morbidity and death in young cattle, repro
ductive inefficiency, low milk yield and short lactations in cows and low 
weight and poor carcass quality in animals for slaughter. The extent to which 
these effects are manifested varies between agro-ecological zones and pro
duction systems and with disease incidence. 
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Development of appropriate feeding systems 
for dairy cattle in the Ethiopian highlands 

Calf rearing: Restricted suckling versus bucket 
rearing for crossbred calves 

I, most smallholder dairying systcns, calves are reared using restricted 
suckling. In the Ethiopian highlands, however, the Ministry of Agriculture 
has recommended that, where crossbred cows are used, calves should be 
separated froni the daliis a few days after birth and bucket-fed. Crossbred 
cows in this environiieit produce about 6 kg of milk a day, of which the calf 
is ted up to 3 kg a day for the first three niouiths after calving. An experiment 
was conducted at ILCA's I )cbrc Zeit research site between September 1987 
and April 1989 to investigate the efects of partial suckling, bucket rearing 
and cow supplcmentation on milk yield and offtake, calf growth and cow re
productive perrorniancc. 

The trial consistCd of four treatment groups each comprising 18 cross
bred heifers (ninc 75%,, Fricsiin/25% Boran and nine 50% Friesian/50% 
Arsi). Treatnients comprised a faictorial combination ofthe two calf-feeding 
systems (bucket rearing and partial suckling) and two cowv-feediig regimes 
(suppI 'neited and noii-stpplIICIimitcd). All calves were weaned at 84 days 
old. Bucket-red calves were t'cd twice a day and received a total of208 kg of 
n ilk between birth and weaning. Partially suckled calvcs were allowed to 
stickle before and after the morning and evening nilkings, for 2 minutes 
berore the ci li was niilked and again for 31 minutes after milking. Cows 
each received a basal diet of dd libitun tcff straw plus 2 kg ofinoug (Guizotia 
aliyssinica) cake daily. Supplemented cows received an additional daily ration 
of 2 kg of legume hay throughout their lactations. Calves were wcighcd 
weekly tntil 180 days ofage. Results are shown in Table 4. 

Table 4. I7'i qf , i ci ,lan Siilh'meati,, andl dama/lI ' ,,, ,rcd on milk )ield, calf milk consumption, calfgrouth anddigestible
dr),-iatterintake, 1)cl're Zeit, I'thitpia, 1989. 

Digestible
Milk yield Saleable milk Calfimilk intake Calfgrowth rate dry-matterintake 

(kg/cow per day) (kg/cow per day) (kg/tahl per day) (g/day) (kg/cow perday)
4-84days 4-305days 4-84days 0-84days 0-84days 0-180days 4-84days 4-305days 

Calffeeding 

Bucket-fed 5.4 4.5 2.7 2.7 304 268 4.3 4.2 

Partially suckled 6.2 4.8 3.1 3.1 390 323 4.5 4.3 

Cow feeding 

Non-supplemented 5.7 4.4 2.9 2.8 323 282 4.1 3.9 

Supplemented 5.9 4.9 2.9 3.0 371 309 4.7 4.5 

Dam breed 

Friesian/Arsi 5.5 4.4 2.6 2.9 348 285 4.4 4.2 

Friesian/Boran 6.1 4.9 3.2 2.9 345 306 4.4 4.3 

SE 0.21 0.16 0.19 0.07 16.0 13.0 0.07 0.07 
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Partial suckling in early lactation significantly (1<0).05) increased milk 
yield between the fourth and eighty-fourth day of lactation. The difference 
in saleable milk production in the period 4-84 days of lactation was not 
significant. 

Partially suckled calves had significantly (P <(.()5) higher daily growth 
rates to weaning at 84 days and to six months old than bucket-Ied calves. 
This was associated with significantly (P<(.()5) higher milk intake by 
partially sickled calves. 

Supplementary t'eding significantly (P<0.0))1) increased digestible 
dry-matter intake by cows over both 4-84 days and 4-305 days. (.lilves of 
supplemented cows had significantly (P <(.()5) higher growta. rates to 
weaning, although the miilk yield of suppleientcd cows was not 
significantly diffCrent fromn thit oftiIsupplemPlentCd cows. 

Friesiai/Borai cows had significantly (P< ().()5) higher inmilk yield up to 
the 84th day of lactation than Friesian/Arsi cows. Calf milk intake was 
similar, hence Friesian/Borau cows produced significantly (1)<.).(15) more 
saleable imilk than Friesian/Arsi cows. 

Partial suckling tended to iicrease the iiterval from calving to coIcep
tion, but the difth'rcnce was not significant. 

The restIlt. of this Sttmdy show that milk yield per cow can be increased 
in early lact:tion by allowing calvcs to stickle their dams before and after 
hand milking. Partial suckling also increased calf growth rate up to six 
months of age by increasing the amonimt of milk the calf consumes, yet did 
not arThct the amnount ofmilk available for sale. 

D.A. Little, P. ('hiarn, S. Crossc ad A. Doy' 

Strategies for small-scale oxen fattening 
in the Ethicpian highlands 

Most sinallholders in the Ethiopian highlands own one or more draught 
oxen. Some smallholders fatten cull oxen for sale during festivals. This is 
being promoted by the Fourth Livestock l)evelopment Project (FLi)P) of 
the Ethiopian Ministry of Agriculture, which is giving private frmners and 
producer coo, crative; in the l)ebre Zeit and Modjo regions access to credit 
and agro-inustrial byproducts for oxen fattening. Preliminary extension 
guidelines recominmend a daily feed intake of 7 to 8 kg per head (as-fcd) of a 
ration consisting of 25% wheat-milling byproducts, 13% noug (Guizotia
aibyssitiini) cake, 6% liquid molasses and 56% tcff (1-rastist,/) straw. The 
guidelines suggest that tills ration should support an average daily gain of 
about (651 g. 

Feed intake and liveweight changes of Arsi oxen under producer 
management were monitored at two producer cooperatives, Babogaya and 
I)ibandiba, near l)ebre Zeit for 15 and 17 weeks from February 1989. Each 
cocpci .:iv- had 10 recently purchascd oxen, weighing an average of308 kg, 
that were stall-fed, and another 10 oxen of similar initial weight that were 
still working and subsisted on grazing alone. Animals wcre weighed every 
two weeks. The amount of feed offered to and refused by the stall-fed 
animals was recorded daily. 

Oxen at Babogava were fed according to the FL1)P recommendations 
and received an average ofabout 7.5 kg of feed per head per day, about half 
of which was teff straw. In contrast, oxen at l)ibandiba ate about 13 kg of 
feed per head per day, 9 kg of which was the concentrate mix, over the first 
11 weeks and nearly 20 kg a day (13 kg concentrate) over the last month. Feed 
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refusals were typically negligible in all cases. l)espite the large differences in 
ted intake between the two cooperatives the animals gained ;a average of 25 
to 30)kg at both sitecs, with an overall average daily gain of 2 3 0g. The grazing 
work oxen all lost 15 to 2) kg over the same period. 

These results indicate that not all farniers receive the FLI)P's feeding 
guidelines, or that they ignore theni. Weight gains were similar at the two 
cooperatives, and hence the extra ted given at I)ibandiba was wasted. The 
rate of weight gain achieved was less than 4(1% of that anticipated. 

I). L. Coppock and (;etaieh Hailu 
Collaliat,tr:FoirthLivestock Development Mrirct,Ministry

qf Arichur. Ethiopfia 

Evaluation of grass/legume mixtures for stall-fed 
cattle in southern Nigeria 

Shrubby forage leguiies such as .St)lhsanthes scabra, DesnitlIus mirgiatus and 
Desnodinm ci'ereum have several advantages for use in cut-and-carry feeding 
systems. They are intermediate in growth characteristics between herbaceous 
pasture legumes and browse species. They remain green well into the dry 
season and can persist longer thai herbaceous species. 

A trial was started in 1988 at Ibadan, Nigeria, to assess the productivity 
of 'Panicuni maximum var inc/hisi in mixtures with Desmanthus virgatus, 
DlesMiodili ctln'retum and Sty)osatithcs sca bra cv Seca. Plots were planted injune 
1988. Leg.,mies and legune/grass plots received 20 kg P/ha as single super
phosphate. A uniform harvest was taken in February 1989. Yield data were 
subsequently collected from six harvests taken at six-week intervals between 
April and October 1989. 

The Paniicum/Stylosattithes scabra pasture gave the highest total dry
matter yield (Table 5) but yields did not differ significantly among the 
mixtures or from Panicim grown in pure stand. Yields of Panicun in mixtures 

Table 5. 	 Dr'-nsatter yield i, Panicumn maximum I'ar ,itchisi.,rwn in pure stand and in mtixtures 
with three shndibyfirage eiqumnes at Ibadan, Nigerianhsilnd zone, 1989. 

Dry-mattcr yield' (t/ha) 

Treatment 	 Grass Legume Total 

Panicumn alone 	 24.8 24.8 

Desmnodiumn cinereuin alone 	 6.6 6.6 

Desinanthus ,iratus alone 	 7.1 7.1 

Stylosanthes scabra alone 	 9.0 9.0 

Panicumn + Desnnidiurncinereun 22.7 0.6 23.4 

Panician + Desynanthus ,,irqatus 23.9 1.6 25.5 

Panicun + Stylosanthes s~abra 24.3 2.5 26.8 

LSI) (5%) 	 2.5 2.5 3.0 

CV (%) 	 5.4 30.2 9.2 

Total ofsix harvests. 
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were slightly but not significantly lower than that in pure stand. In contrast, 
legume yields were significantly lower illthe mixtures than in pure stand, 
falling to only 9% of the pure-stand yield in the case of Desnoutimn cinereutn. 
This demonstrates the poor ability of these shrubby legumes to compete 
with the tall Panicunt variety. 

A. N. .4tta- Krah 	mid L.Reynolds 

Collaborator: Uni'ersity of IIada,n, NiPTIria 

Optimal fodder-bank utilisation in the Nigerian 
subhumid zone 

Suppleiiientary .'eding durintg the dry season usinlg forage from fodder 
banks has been shown to sigi iLtalty increase both cow and calf perform
ance in the Nigerian subhuind zone, but the levels of productivity achieved 
are still below the potential productivity of the animals. A trial was started in 
1987 at Idon Ranch, Kaduna Staite, to investigate the ef1'ct on heiifer perform
ance of feeding both forage legume and molasses/urea supplenIents. 

Twenty Bunaji heifers were allocated to each of five treatments: 
* G -gra.zcd oilopeni range 
* 	 GN P -- grazed on conserved natural pasture without access to 

molasses/urea blocks 
* 	 GUM - grazed oil conserved natural pasture with access to molasses/ 

urea blocks 
" 	 GL - grazed on a fodder bank without access to mnolasses/urea 

blocks 
* 	 GLUM - grazed on a fodder bank with access to molasses/urea 

blocks. 
Animals i tile fodder-bank treatmenits grazed the fodder bank only 

illthe afternoon. Molasses/urea blocks were given to the animals during 
night kraaling. All animals had access to iuneral salt blocks and were 
weighed every two weeks. Treatments were applied during the 1988 and 
1989 dry seasons (January to May). In 1989, rumneli-fistulated heifers were 
used to StldV the rate ot-dry-matter degradation of Animholwcoaylmhs and 
St),losalthcs /hItrt and runimn amiinionia concentrations. 

More cows grazing fodder banks had calves in 1989 than did cows illany 
of the other groups (Table 6). This was consistent with the ovarian activity 

Table 6. Di rihuin of Ialhvins expcrisnsntal herd, IdinofIthe 
Ran tch,igI1't h1nid zclts, 1987-89.N uS!nsu, 


Number ofcalvings 
Trcatmncnt 

group 1987 1988 1989 

G 	 3 5 

GNP I - 5 

GUM - 4 8 

13GL 	 1 5 

GLUM I I I1 
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observed iii 1988. Aninials in the fodder-bank groups also lost less weight 
during the 1989 dry season than did animals in the other groups (Figure 7), 
although tie diffi'rences were not significant. Several animals in the groups 
grazing open range or conserved pasture without supplementatioI had to be 
remnoved from the trial because they were suth1ering severe nutritional stress 
at the peak of the dry season. The treatnents had no signlificant effect on 
either the rate of dry-matter disappearace Of A. .ka,)'dltts and S. haniata or 
runICII atumitotia levels. 

Trials starting in 199) viII investiga te the efli-ct of using fodder banks 
to provide su ppleumtIv fced inithe wet season rather than the dry season. 
It is thought that animals that are heavier at the beginning of the dry scason 
wiII be the sa me wei~ght at tlIe end of the dry season as cattle that are sLIp
pleIented during the dry season, but that the better wet-season f'ding will 
result in a larger increase in herd firtility than does supplementation during 
tile dry season. 

R. m,,mKatulbimnn an1. .Agitvu 

ntre jr InternationalARrim it tra 
Kadmta St e 'evrm-tinnt antd Katsina State Go'vemrnnentt, Nigeria; 
A elbano e I'mtii m'ersit',. Aunstralia; \'ationalA ninttal ProductionResearch Institute 

ilnd ,\'arionalLivestock PrIojects )ivision, ,\'iiria 

Cl,!/mti tors: .AustraliatC,m 	 kesearch; 

Traditional cattle systems in the derived savannah 
in Nigeria and improved production systems 
The derived savannah zone in southern Nigeria offers considerable potential 
for cattle produCtionl but little is known about the zone's traditional pro
duction systems. Aerial surveys reported in ILCA Annual Report 1988 (pages 

Figure 7. 
lfi'oldry-seas,fieldiq on 

wei ht loss (aws,('lu,,naji 
mil,
h.mid zopi', Nirria,199 
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18-20) showed that large numbers of cattle wert: present in this zone 
throughout the year. ILCA is studying thc traditional managcnlent systems 
of the zone and thc health and productivity ofcattle in these systems, and in
vestigating potentiil forage production systems and the impact that these 
could have on cattle production. 

Sedentarisation of cattle owners 
Data from a survey of cattle owners in Ogun, Oyo, Ondo, Bendel and 
Kwara States analysed in 1989 showed that 80% of the herds were owned by 
Fulani; the remaining 20% were owned by Yoruba, the ethnic group 
indigenous to south-west Nigeria. Most of the herd owners had lived at or 
near the same location for several years, grew crops and had permanent 
housing, indicating considerable sedentarisation among the cattle owners in 
the zone. 

The average herd comprised 60 cattle and 10 small ruminants. Herd 
sizes tended to decline with the length of stay and degree of sedentarisation 
of the owner. Thirty-eight per cent of the herds consisted ofonly Muturu or 
Keteku, southern trypanotolerant breeds; the remainder consisted of either 
zebu or a mixture of zebu and the southern breeds. Herds that consisted of 
only Keteku or Muturu cattle, or in which these breeds predominated, were 
smaller than zebu or mainly zebu herds. 

As more cattle owners settle pcrmanently in the derived savannah zone, 
interaction and competition between crops and livestock will increase. 
Further research is needed to clarify how land rights for grazing and crop
ping are acquired and maintained, and how crop-livestock interactions 
evolve. 

A preliminary survey of cattle production systems in 
the derived savannah 
Fifty livestock owners with herds comprising pure Fulani or Fulani
N'Dlama crossbreds were surveyed between June and August 1989 in five 
Local Government Areas in north-west Oyo State. Data were collected 
monthly on grazing/feeding patterns and on births and deaths of calves 
under one year. T-he herd owners were asked for their opinion of the 
N'l)ama breed. 

In general, cattle grazed on grass pastures for eight months from April 
to Novembcr, fed on second-season crop residues (primarily maize stovcr) 
between December and February, and then a mixture of pasture regrowth 
and tree browse from February until the new grass growth in April (Table 7). 

Between April and SeptLmber 86% of livestock awners grazed their 
animals within 2 kri of their settlements; 98% grazed within 3 ki. From 
January, herds travelled further from the homesteads: 50% ofhcrds travelled 
only slightly beyond their wet season grazing area, 42% trekked 10- 15 km 
from their homesteads and were based in temporary homesteads or rugas for 
one to four weeks, and the remainder trekked tip to 25 km and remaincd 
away from their homesteads for tip to 12 weeks. 

Although 36% of the livestock owncrs produced crops, only one used 
first-season residues as animal fecd because pasture grasses available at that 
time were of better nutritional value. All livestock owners used second
season crop residues by arrangemmnt with the neighbouring crop farmers. 
Crop residues were fed during l)ecember-F'bruary but from January 
pasture regrowth afte: burning assumed greater importance; 86% offarmers 
said their cattle gained more weight grazing regrowth than when fed crop 
residues. 
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Table 7. 	 Disruibutitint /farins,ucordini to monthly use qfieesJilrcatle, derived saiannah,south-uest
 
Nceria, 1989.
 

% offarms using 

Month 	 Grass Crop residue Regrowth Browse 

April-October 	 100 2 - -

November 	 (X) 10 - -

December 	 - 96 2 2 

January 	 - 84 88 24 

February 	 - 30 100 60 

March 	 - 8 94 82 

Only inJuly. 

Most calves were born between February and April, with peak calving 
in April in N'Ijama and crossbred herds and in March in Fulani herds. This 
corresponds with peak conception in June-Ju, ly. Fewest calves were 
conceived in November-l)ecember. 

Ninety-six per cent of livestock owners reported that most calf deaths 
occurred in the early wet season and were mainly due to worm infestation 
(86%), diarrhoea (6)(%) and eating sand (24%). Overall calf mortality was 
29.5%, with 36.5% mortality in Fulani herds, 24.2% in crossbred herds and 
2.25% in N'l)ana herds. 

Twelve livestock owners said that they had never heard of the N'Dama 
breed, three Yoruba fimers who employed Fulani herdsmen had always 
reared N'Damna cattle, two had bought or inherited crossbred or mixed herds 
and 2(0 had previously owned purebred White Fulani herds but had adopted 
other breeds, mainly because ofhigh calf mortality. N'l)ama rearers considered 
the main advantages of the breed reladve to the White Fulani to be its greater 
disease resistance (72%). its ability to graze a wide variety of grasses (30Yo), 
its better quality milk and meat (31%), and its ability to produce a calf every 
year (19%) and maintain weiglit in the dry season (16%). Its disadvantages 
were its small size (84%)), wild temperailnct (47%), low milk yield (29%) 
and low market price (16%) relative to the White Fulani. 

Further research is needed to determine why mortality rates differ 
between breeds and to define conception patterns and why they differ. 

Methods for establishing leguminous trees in pasture 

Applying nitrogen fI'rtiliser to pasture is not economical in most of tropical 
Africa. An alternative is to plant legumes ill the pasture, but herbaceous 
legumes often do not persist when grazed. Leguminous fodder trees or 
shrubs such as Leucatena hucocepala and Gliricidia selpuhn may be nore persist
ent. but no informatioi is currently available on how to establish them in 
pasture or oil when the pasture should first be grazed. 

In 1989, trials were started at lbadan, Nigeria, to investigate the effect of 
time to first grazing on growth, survival and yield of Leucaenaleucocephalain 
a Panicum maxium pasture. Plots were ploughed and harrowed at the start 
of the rains. Scarified seeds of Leuctea were planted in rows 4 in apart, with 
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25 cm between holes within the rov. Panicnnm crown splits were planted
about four weeks after the L'ucauena. 

The grass was cut twice during the growing season but still shaded the 
tree seedlings, resulting in poor tree stands. This indicates that the best wayto establish Leucucna in a new pastire would be to plant the trees in the first 
season with a food or cash crop such as naize and then plant the grass in the
second season or, preterably, in the following year.

A second trial was started at Avetonot, Togo, ill July 1989 to study
ways to establish Givicidiasclpiui ill existing Iauicuim maximumln pasture. The
trial conmparCd three methods ofland preparation (hoeing a strip 0.5 in wide,
rotovating a strip 0.5 in Wide and disciug a strip 1.) in wide), two methods
ofe,..alishing the trees (direct seeding and transplanting seedlings) and three
mCthods o post-planting weed control (hoeing a strip I ii wide every
six weeks, slashiing a strip- 1 in wide every six weeks and no weed control).

Transplanting seedlings into I-m-wide disced strips resulted inl the
tallest plants at the end of the growing season (Table 8). '1ransplanted seed
lings competed better with the grass and weeds than did direct-seeded plants
and were significantly (P<0.05) taller at the end of the growing season. 

L. Reynolds 
Collaborator: Centre de recllercheet d 't,,deme d'A 'etolon, Togo 

Table 8. l4lect ',' aihad it"land 'rapraltion tre' plantint, and w d cantrol pracic'son grwath qf
(;Iiricidia jant'daI'indc b1inhcPhd Iat.m'.,A,otou, I1, o, 1989. 

Tree planting/weed Tree height (eim) 
control nethod IDiscing Hoeing Rotovating Me;an 

Direct secding/lloeing 77.0) 47.3 55.5 56.9bc 
i rect seeding/slashing 64.5 50.5 49.3 54.8bc 

l)arCt seediig/nto weeding 65.3 47.5 46.3 53.0c 
Seedling/hoeing I0W. 0 75.8 79.5 85. 1a 
Seedling/slashing 95.3 71.3 72.0 79.5a 
Seedling/n weeding 84.5 61.8 52.0 66. lb 

Mean 8 1. a 59.01) 59. lb 

Means il tie snc colun or row followed by tie samlt. letter do not differ signiflicantly
(1>0.05). 

Milk preservation and processing
technologies 
Few African smallholdcr milk producers have access to formal milk marketing
systems. Most thus sell any surplus they may have through informal markets 
or process it into other marketable products such as butter and cheese.
ILCA's studies indicate that better milk processing methods and more
favourable milk pricing policies could ecourage smallholders to produce 
more milk. 

This theime focuses on identifying constraints to milk processing,
developing appropriate processing tcchnolcgics and equipmcnt for small 
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amounts of milk and widening the range of products that s!.all
holders can produce. 

On-farm churning efficiency of atraditional clay-pot 
churn fitted with an internal agitator 
In Ethiopia, butter is traditionally made from soured milk. Small ainoutits of 
milk are collected in a clay pot over several days, during which the milk sours 
niaturhllv. When sufficict milk, usually about 3-8 litrcs, has been collected 
it is churned by shaking the clay pot until butter griulcs form. Previous 
studies by ILCA showetL that churning took up to three or tur hours and the 
butterinilk containedLup to 2% buttertfat. In response to these findings, ILCA 
dCvClopCd a wooden agitator that .otld be fittCd to the traditional clay-pot 
churn. Several oji-station and on-farin trials d(nonstratCd that usinlg the
agitator improved churning efficiency. 

Trials in 1989 nonitorcd the use ofthe agitator on ive harmns n elebre 
Hi lian, in the lEthiopian highlands. The farmers used their usual inan1fac
turing procedure. ic, the sante clhurning temptcratUtrc and ainount and acidity 
of milk, except that the clay pot used was fitted with thi2-_agitator. 

(hurning time ranged fron 51 to 05 inimutes, with ail average ofabout 
57 minutes (Table 9), compared with an average of 139 minutes observed in 
a previotis study oftel use of the unmodifid tradition; 7hurnl. Nhc average 
flt content of the buttermilk was also much lower than observed with the 
tll11nodil tled churn (0.36% vs I. 1%). 

Table 9. Chrrat of nilk ihurold .ind iri.ti, dullylitl 
(0c'titlth Of t1fEtrrmilk r winl.at 1,1, po,ind Nuit ),i|lh 
fifttid14ith11la11 ,lla a..itafr,. I)clr liahl. I:thiopia. 
198f9. 

Meaiii Rangc 

Milk tclpcrature ("C) 17.4 15-19 

Milk (% fat) 7.2 6.9-7.5 

Milk acidity (%lactic acid) (0.96 0.84-0.99 

Churning tunc (minutes) 57.4 5)-65 

Buttermilk (% faxt) (.36 0.3-).5 

luttcr yield 
(kg milk/kg butter) 14.6 13.9-15.7 

Mean u159t)nbscrvations. 

These trials demonstrate the benefits of using the internal agitator, in 
terms of saving time and boosting butter yield. Increased butter yield is of 
particular econonic importance since the price ofbutter is about seven times 
that of the chcese made fiom buttermilk. 

C.B.O'C'nor 

25 

http:0.84-0.99


Production and use of milk and milk products by
smallholders in eastern Shewa, Ethiopia 
The vast majority of Ethiopians are sniallholders living in rural areas. Milk 
and milk products are important both nutritionally and econonically to 
these smallholders and their families. 

A survey of production, processing, marketing and use of milk and 
milk products was condlctcd ill 1989 allong smallholders in the highlands 
south-east ofAddis Ababa. The survey covered 160 smallholders, two from 
each of 80) peasants' associations within a radius ofabout 55 km of l)ebre 
Zeit, a town some 50)km south-cast ofAddis Ababa. 

The smallholdcrs each kept between one and five cows, with an average 
of 2.3 cows per smallholder. Three sinallholders each had one crossbred 
(Friesian-zebu) cow; all the rest kept local zcbt cows. Most sniallholders 
preferred local cows because they are easier to manage and less prone to dis
case. However, 17% of sniallholders expressed a prefcrence for crossbredcows because of their greater milk yield (tnp to 6 litres a day, compared with 

an average yield of only 2 litrcs a day for local cows). However, they are 
reluctant to keep them because they are more susceptible to disease, require 
more fccd and need good inanageinen t. 

Most households (93%) const med fresh nilk and alimost all (99%) 
made butter and cheese. Only three households sold fresh milk. The smiall
holders feel that they make more mnioney by making and selling butter and 
cheese than they would from selling fresh milk. Milk is processed by women 
and children, niainly using traditional methods; only one siallholder was 
using the improved local churn developed by I[LCA. 

A third of househols used 111tile butter they produced thlemselves. 
Butter is used for cooking and cosmetic purposes. All households u1scd some 
butter cosmetically and 97% used Sonic for cooking. Buttermilk was used to 
produce a cottage-type cheese ()i1) or was constuned by the family. Ayil, 
was consumed by tile family (64% of households CollStllled all the cheese 
they made) or sold. 

All smnallholders stated that they had problems With buttcrinaking, 
including poor milk hygiene and quality, long churning times and fluctu
ations in milk temperature prior to and during churning. However, only 
two of them had received any instruction onl milk processing. 

These findings indicate the need for a major educational progral inc to 
improve smnallholders' milk production and processing methods. Further 
work is necdcd to cxtcnd the shclflifc of existing products and to explore the 
possibility of niakink other milk products with better storage properties. 

C.B. O'Comir 

Improved methods for milk processing 
Sniallholder dairy farmers in the Artisha-Kiliianjaro region of Tanzania 
have been the focts of assistance from the FAO Rural l)airy l)evelopment
Training Team. Efforts have been directed at boosting milk production, in 
particular by providing extension services, improving management and 
provision of an artificial insemination service. ILCA has becci assisting this 
project by investigating the possibilities for snmallholder production of 
scamorza, a pasta-filata-typc cheese, including: 

making it with milk with a reduced fat content, which would release fat 
for other purposcs, such as butterinaking 
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" reducing weight losses during ripening of the cheese 
* improving its appearance and shape. 

One hundred and twelve individual cheeses were made using milk 
containing 2. 12, 2.97 and 4.45% fat. I)ata Collected included the amount of 
tat lost during a t'uur-week ripening period, the amount of milk required to 
produce 1kg of cheese and weight loss of uncoated cheese or cheese that had 
been coatc,2 with butter. 

After a ftur-week ripening period fat loi;s ranged from 22.5% (SE 5.1)
fOr cheese iiade t'rom miilk containing 2.12% fat to 39.38% (SE 3.07) for 
cheese made froii imilk containing 4.45% fat. The amount of milk required 
to produce I kg of cheese ranged fron 10.30 litres (SE 0(.48) for the low-fat 
milk to 9.(01 litres (SE ().21) for the high-fat 1111. 

Initially, cheese coated with butter lost less \% ight than uncoated cheese 
(9.75% (SF 1.15) vs I 1.43'X (SE 1.43) over t. - first week) but after the 
tour-week ripening period there was no significant difference between the 
coated and unicoated cheeses (21.97% (SE 2.24) vs 22. 15% (SE 2.98)). There 
was no significant diftfrencc between the total solids content of coated and 
ii nco.ited cheese at the cnd oft he ripening period (about 62%). 

These results indicate that scaiiorza cheese should be made from milk
cont.ining 2.5 to 3'/u fat. as a compromise between fat loss and cheese yield.
Furthcr studies are needed to deteriiine the profitability of standardising
milk to his fat cotent. The recovery of the protein and total solids during 
the process should .ilso be in vestigated. 

ItwsI 


()oIa/wrator: FAO Rural )airy )evelopment Training,Team in Tanzania
 

.1\I. ;\ ad C. B. C)onntzmor 

Breed evaluation and improvement 
Most countries insub-Saharan Africa do not have clear strategies on the 
improvement and maintenance of their cattle genetic resources. Sound 
breeding programmes are essential to sustainable genetic improvement.
Such programinies should define the economic traits to be included in the 
evaluation ot'aninlals, the most effCctive and practical evaluation procedures
and the most suitable mating/breeding system or systems. 

ILCA's current efforts concentrate on helping national agricultural
research .ystens (NARS) analyse their breed evaluation data, characterisc 
indigenous genetic resources, establish performance recording systems
under sinallholder conditions and develop appropriate breeding programmes
and policies. The most effective way to do this is by working directly with 
NARS scientists involved in breed evaluation. This report gives an example 
of this approach from Kenya. 

Evaluation of dairy cattle genotypes for smallholder 
production in subhumid coastal Kenya 
Smallholder dairy production in subhuniid coastal Kenya has developed
mainly through the use of crosses between zebu breeds and European dairy
breeds. These crosses have a much higher potential for milk production than 
the local East African Zebu. Dairy crosses (grade cattle) are kept in a range of 
production systems on small-, medium- and large-scale farms and in insti
tutional herds. A few pure dairy breed herds are also found. ILCA, in collab
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oration with the Kenya Agricultural Research Institute, is studying perform
ance records from some of these herds to: 
* 	 compare the health and performance of dairy cattle gcnotypcs in this 

zone, with emphasis on their use in smallholder production systems 
* 	 propose breeding systems to produce dairy replacements of the optimal 

genotypes. 

Purebreeding and two-breed rotational crossbreeding are the two most 
convenient systems for smallholder dairy producers. The performance of 
these systems and F, crosses were compared using records collected since the 
1960s in a breeding programme with Ayrsh.re, Sahiwal and Friesian breeds 
at the Kenya Agricultural Research Institute's Mariakani Animal Production 
Research Centre. The Centre is in the coastal lowland livestock-mlillet zone 
and has a mean annual rainfall ot"860 num. Cows grazed natural pastures 
with little or no supplementation, were mated year round and were hand 
milked. Calves were bucket reared. Major diseases were controlled by 
routine preventive measures. 

The reproductive and lactation pcrformance of the five genotypes pro
duced by the three breeding systems are shown in Table 10. Age at first calv
ing was earliest in the F, crosses and latest in the high-grade Sahiwals. All 
genotypes had similar mean calving intervals. Lactation lengths and daily 
milk yields increased as the proportion of gencs from European breeds 
increased, resulting in markedly higher lactation milk yields. 

Table 10. Least squares means and standard errors ir reprmducive and lactation traits of ive cattle genotype in threebreeding systems, coastal 
Kenya. 

Breeding system/ 
gcnotypes 

Purebrecding 

>87.5% Sahiwal 

F,	crossbreeding 

Ayrshire x Sahiwal 

Friesian x Sahiwal 

Rotational crossbreeding 

2/3 Sahiwal- 1/3 Ayrshire 

2/3Ayrshire-1/3Sahiwal 

Age at first Calving Lactation Daily milk Lactation 
calving interval length yield yield 

(days) (days) (days) (kg) (kg) 

i Mean SE n Mean SE n Mean SE Mean SE Mean SE 

75 1106 16 121 405 7 203 264 6 4.3 0.13 1135 44 

57 979 19 122 404 7 184 273 6 5.5 0.14 1504 48 

34 967 24 60 397 10 95 284 9 5.5 0.20 1533 66 

78 1042 15 130 396 7 224 272 6 4.5 0.13 1228 44 

62 1( )5 18 112 424 7 174 291 7 5.6 0.15 1609 58 

F, crossbreds gave about 35% more milk per cow per year than pure 
Sahiwals (Table 11), while the rotational crosses gave an average of 23% 
more than the Sahiwal. At herd level, the advantage of the F, crossbreeding 
systerr: will be reduced by the proportion of purebred Sahiwals retained to 
produtce the F, crosses. A more practical breeding system for the smallholder 
is producing a'.emate generations of tile two rotational crosses, 2/3 Ayrshire
1/3 Sahiwal and 2/3 Sahiwal-1/3 Ayrshire. 

W. Thorpe andJ.C.M. Trail 

Collaborator: Kenya Agricultural Research Institute (IA RI) 
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Table 11. Aean annual ,nilk yield ilffive catthlgentypes in three
 
reedingsystems, cOasMl Kenya.
 

Mean annual Improvement
 
Breeding system/ milk yield' over Sahiwal
 
genotypes (kg) (%)
 

Purebreeding 

>87.5% Sahiwal 10.3 

F,crossbreeding 

Ayrshire x Sahiwal 1359 33 

Friesian x Sahiwal 1409 38 

Rotational crossbreeding 

2/3 Sahiwal- 1/3 Ayrshire 1132 11 

2/3 Ayrshire- 1/3 Sahiwal 1385 35 

Meacn ofrotational crosses 1259 23 

(Lactation milk yield 'Y 3(5)/calving interval. 

Reproductive wastage and hygiene
 
management
 
Reproductivc pert"oriiance is a major determinant of the productivity of 
cattle production systems. Reproductive performance is poor in most cattle 
pr,: duction systems in sub-Saharan Africa mainly b,'cause cows either fail to 
become pregnant, primarily due to prepubertal or postpartum anoestrus, or 
tLil to maintain the pregnancy, and because of high calf mortality. 

Cows coninmonily calve first at more than four years old and have sub
sequent calving intervals of more than two years. Between 2(1 and 50% of 
calves die beflore weaning. 

Research under this theme is aimed at improving reproductive perform
ance bv reducing the eff'ects of diseases, particularly through improved 
management and feeding. 

Effects of early supplementation with legume hay and 
water on cattle performance in semi-arid Ethiopia: 
Impact on weaning weight, growth and time to maturity 
Calves and people compete for milk in many pastoral and agropastoral
societies in Africa. People consume up to half of all milk produced and this 
may limit herd performance by lowering weaning weights, which reduces 
cash income because animals sold are smaller than they should be for their 
age, and by stunting aninals and delaying puberty. 

A trial was started in 1986 on the Borana plateau, southern Ethiopia, to 
study the effects of early supplementation of calves with various levels of 
legume hay and water under simtulated pastoral manageme,-t to determine: 
" if supplementation could compensate the calves fully for milk deprivation 

in terms of weaning weight 
* whether increases in growth resulting from supplementation persist,
 

improve subsequent performance and reduce time to maturity
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Figure 8. 
Grou'thto three yearsfor cattle 
on semi-arid rargeand in 
southern It-'hiopiafolouirA' 
various preweaning treatments 
from two to nine months ol'ie. 

S the average age at the onset of puberty of zebu cattle under extensive 
grazing management, and the target weight at which this takes place. 
Animals were considered to have reached puberty if they stood to be 

mounted by the bull, rectal palpation (conducted monthly) detected the 
presence ofta corpus luteum and their plavilla progesterone level (measured 
every 10 days) exceeded 1.1) ng/ml. 

The trial was described inl detail, and initial results were presented, in 
ILCA Annual Rtport 1988 (pages 2-4). 

Among animals born in 1986, liveweight of animals in different treat
merit groups continued to converge in 1989. Animals on the best hay and 
water treatment were 45% heavier at one year old than those in the un
supplemented control group, but were only 4% heavier at 36 months old 
(196 kg vs 188 kg; Figure 8). There was a similar convergence between 
animals that had received all their mothers' milk and the control animals, 
which received only half. 
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The 62 heifers born in 1986 averaged 19 kg (SD3) at birth and 94 kg (SD 
22) at weaning (322 days (SD65)), with an overall average daily gain to 
weaning of 224 g (S1) 48). By January 1990, when the average age of these 
animals was 43 months, only 30 animals had reached puberty. The average 
age at puberty aiong these 30 animals was 1231 days (SD 117) with no sig
nificant differences aniong treatments. However, animals that had reached 
puberty had significantly (P<0.01) higher average daily gain to weaning 
than those that had not reached puberty. Animals achieved puberty at an av
erage liveweight of218 kg (SI) 23), which is close to the mature body weight 
of the Boran breed. 

36 
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Twenty-one (70%) of the 30 pubertal animals conceived at their first 
oestrus, while another five did so within 58 days of thir first oestrus. These 
26 animals conceived at an average age of 1233 days (SDI 111). The concep
tion rate at first service was 40%, with an overall rate of 58%. 

These preliminary results for age and weight at puberty agree with 
previous surveys in the region. As noted in ILCA Annual Report 1988, this 
work invalidates the assumption that supplementing calves for less than one 
year automatically leads to sustained increases in growth or reduces time to 
maturity. It also indicates that weaning weight is not a reliable indicator of 
future performance in unstable, traditional production environments, and 
the results challenge the idea that moderate levels of milk restriction influence 
longer-term patterns of cattle growth. It also indicates that attempting to 
improve long-term production parameters in variable environ ments is 
risky. In this example, about 136 kg ofleguLe hay and 105Ilitres of water 
were eff'ectively "lost" over the long term in the best treatment. Inter
vcntiols in this and similar environments should thus focus more on reducing 
calf mortality and improving management efficiency rather than on cattle 
growth per se. 

).L. (oppock, S.Soarniand 0.13. Kasali 
CtolIaborto. .:DiirdLivestock l)evelomlnent Project, M1tinistry ofAgriculture, 
Ethiopia, and CARE-Ethiopia 

Disease risk to dairy cattle in coastal subhumid Kenya 

Discasc is a major factor limiting smallholder dairy production in subhumid
 
coastal Kenya. A recent f'arinig systems study in the area found that small
holder farmers rate disease as the most critical problem they face (see Charac
terisation of coastal subninidfrnin, systems inl
Kenya, page 10 of this report). 
Dairy (grade) and local zebu cattle in the Kalolcni study area were surveyed 
in July and September 1989 to estimate the prevalence of major diseases on 
smallholder farmns. 

Blood and faeces were collected from 736 grade cattle and 220 local East 
African Zebu cattle in 134 herds and were examined in collaboration with tie 
Kenya Veterinary e)partment and the International Laboratory for Research 
on Animal Diseases (ILRAI)). 

A summary of the results obtained to date is presented in Table 12. 
The buffy coat technique indicated a trypanosomiasis prcvalcncc of less 

than I% in the 956 cattle sampled. However, analysis of777 serum samples 
using enzyme-linked immunosorbent assay (ELISA), which dcteci, trypano
somal antigens, gave prevalences of 30, 24, and 15% for grade cattle in the 
cocolnlut-cassava, cashew-miut-cassava and livestock-millet zones, respect
ively, and 30% for zcbo cattle. 

Mean packed cell volume (PCV) was high, particularly in zcbu cattle. A 
recent study ofsimilar zebu cattli, in Muhaka, some 60)kin south of Kaloleni, 
reported a mean PCV of less than 27%, compared with a mean of more thani 
30% in this study. Further studies are needed to determine whether the 
higher trypanosome challenge suspected in the Muhaka area is the major 
factor depressing PCV there. 

More than 95% of tick-borne haenioparasitcs detected on blood smears 
were piroplasma. Piroplasin prevalencc ranged from I to 20% in grade 
cattle. Prevalence was lower in the scmi-arid zone than in the subhumid 
zone. In the subhumid zone prevalence was higher in frce-grazing grade 
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.
Table 12. Ire:',zlit'e r )' ,l isi tik-hwrihIustm'''ri 1a.t ( st F ,r ndrint'esti,a 
iaw and Itvel ell in .Q,t4 

It'1:i0,1 .ot IIi ~,oeal Kenya', I9,S9. 
l,,*u~t, ,f l, ked I'oh,,i" (N l' ,h' Z,/M ut illIIIttT ,1,00-

Coconut - Cashew-tllt- Livestock-
Cassava Cassava millet 
toile zoneC zonle
 

Grade Zebt, Grade Zebu Grade Zebu 

Number of herds 76 32 47 20) 10 5 

Number of rattle 338 121 287 84 111 15 

Trypanosomiasis (3) 

luffy coat 1.5 1.2 (.9 

ELISA 3(0 -1 24 15 

Tick-borne haemo- 15 26 15 7 9 7 
pa rasites ('Yo) 

East Cist Fever (/)- 74 83 76 78 47 
Intestinal 1,: 29rasites (%)' 27 28 16 25 15 

Mean PICV (%) 33.2 31.8 33.0 31.8 32.9 29.5 

Overall. 30' , of'ZetiIs showed positive. 

E mtmno-tluno ,ittibodV test.Fast (:oast Fever of' > 411.i Ltre,'ent 

Animals ul It)18 months old: > 21HI eggs per gram ofl'fates. 

cattle than in those that were semi-zero and zero grazed. These results reflect 
expected tick challenges. 

Prevalence of Ihilhria jh'ri',aantibodies detected with the immuno
fluorescent antibody (IFA)test on 623 samples was high (29-95%) irrespec
tive of age group, grazing system, agro-ccological zone or cattle type, 
confirming the njor importance of East Coast Fever. 

Faecal egg counts indicated no major differeunces between cattle types or 
agro-ecological zones, although counts were lower in zero-grazed grade 
cattle. 

These results confirm the importance ot" East Coast Fever and 
trypanosoniasis, the epidemiology of which will be studied during contintLous 
recording in 1990). The studies will be supported by an ethnovetcrinary 
survey of Carmers' understanding of discase and disease control to identify 
possible constraints to the delivery, adoption and sustainability ofthe disease 
control measures which may be proposed. 

.
W~ Thtir/e ,andS. .1lloo 

('iuIhiIhorzrs: ,'n),,a tli,'rlttiolialC,,tr./iI :'tcrinar), l),parttintt; rIAnsect 
J),)sio i,),,utand L-,,h Kenya, Ufive t)'tc;/sX' n K; Inren"atital 
Labor, r,.ry/*r R'.;earcl offAntimhal )iseases, Kenya', 

Network coordination 
ILCA sees its role in the establishment of the Cattle Research Network as 
catalytic in the process of the pooling and sharing of available knowledge, 
experience and research tcilities by scientists and institttions innational 
agricultural research systems (NARS). 
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The Cattle Research Network was established follsmvin, a consultativC
 
workshop held at the University ot" Ibadan, Nigeria, in)October 1988. at
 
which 67 participants from NAIRS iii Cameroon, CCte divoire, Ghana,
 
Guinea, Mali, Nigeria, Senegal and Togo resolvel to estaiblish a collabor
ative cattle research network for West and central Africa. A second work
shop, held at Kadoma, Ziibabwe, in June 1989, and atteided by 48 partici
pants from NAIRS in hotswana, Ethiopia, Kenya, Malawi, Tanzania. 
Zanibia and Zininbabwe. resolved to establish isiiniar network for Fast and 
southern Africa. 

Participants in each workshop elected al interim working coininittee 
(IWC) to develop the research agen '.iand other prograinies of the 
network. The IW( of the West and central Africa network held its first 
meeting at ILCA headquarters, Addis Abab.a. iii January 198'); the IWC of 
the 	East and southern Africa network met in Nairobi, Kenya,.it the end of 
Atugust 1989. ''he coiniiiittees made reconiendations on the objectives aild 
organisationliI structure, researcl alld training priorities, operational ilodes 
and iniirniatioi exchag.,e, and rccogniscd that adequate 'unding for grants 
was 	 crucial ald woulil iepenid largely on tie network's abilitv to present 
technically SOtltid coll.borative research, training and intornatlioil exchange 
protocols to doinors. 

i'lie West and ccntral Africa net work IeLIl a research protocol planning 
workshop it Saly. Senegal. ii Septeiber 1989 to est.iblish its colIaborat ive 
research progr.amne. Network particip.nlits ievelopeIL project protocols in 
three themes idCInitiCd by NAIRS as priority areas for regional collaborative 
research: 
* 	 iliprovcinelt reproductive pcrformance calf survival illtratol" alild 


iditionial heris .lid peri-trbaii dairy production SvsteiiiS
 
* 	 CV.ilu.tioil. ch.1rActcrisation aiid genetic iinprovement ofcattle breeds 
* 	 ilevelopuilent of f'ciing .Ii iahlAlgelililit strategies fo)r sustainable 

caittlc prodiuctioll. 
Ihe participants .At this IuLcetiiig also elected a six-ncinber steering 

comimnittee to rcplc the iltCrilll working coiimimittee. 
IliMay 1989 the network published the first issue ofthe (.ttle Research 

Network Ncwsletter ii both Eiglisl .nd Frenl. The newsletter was distrib-
Ltei to more thu 75(l scientists .riild institutions in sub-Saliaraiu Africa and 
elsewhere. 

I-.A. Olblk i,,I (1).'heimu 

THRUST STAFF 

P Chligaru. "li:st(',,o,di,, tir
 
. Agwu. R,,r,,, ti ,I h i (I t.,h,,or, Associate)
 
A N Atta-Krali. I:rac.A'rt,ift** 
Azage TCgctgnie. I"Crtarian(I,,sit-,hcril A ssociat')* 
1)l'artholomew, l.,r..c .A.p mimnist 
lB'lete I)Cssjlegn..1 :,limdaS,:inst 
RZBrokkc.. h',mi
mis
 
1B,S (ipper. .-Iiml .\t ',tiilist** 
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1) 1.C:oppock,..'Iniml Sci,'ttistl]iohl.,ist 

S (rosse. .'nimal Scictnis * 

33 



S I)cbrah, l'unioiiSt
 
C"I)csl3ordcs, 4'iiinialScienist**
 
L lDiarra, Ecoho:qist 

A I)oylc, Graduat Assocalt** 

R Franceschini, I"tcrita'ian (Research .A.Nsociate)
 
Gasha w (;ida, (G',admit -Associatc*
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Small Ruminant Meat and Milk Thrust
 

Sheep a*nd gIoats. with their small body size, high reproductive capacity 
and rapid growth rates, are ideally suited to production by resource-poor 
snallholders. They can be integrated into the overall production system, 
absorbing surplus labour and consuming sinall amiounts of otherwise unused 
feed. The low capital reqlIreirient for starting or expanding small ruminant 
production means that risks are low and that the enterprise is well suited to 
low-input s\'steiis. 

Small ruminan ts provide almost 30% of the meat consumed and around
 
16% oft he miuilk produced in sub-Saharan Africa. Increased productionl Will

boost tarn inCOille, generating cash with which to purchase inputs for other 

production activities. 
The objective of the Sniall lRuminant Meat and Milk Thrust is, there

tore, to increase the sustained output ot small rum1inant ,neat and milk in 
mixed crop-livestock f'arming systems, dhercby improving the quality of 
lift of the people ot sub-Saharan Africa. 

Economics of small ruminant production 
The economic constraints to and opportunities for small rLnimnalnt pro
duction and marketing in sub-Saharan Africa, and the socio-ccouiomic con
ditions in which the systems exist, must be understood so that appropriate 
technological innovations can be developed. The social and economic 
benefits ofinnovations designed to increase production must be quantified to 
ensure that the innovations will be sustainable and benefit the intended target 
group. 

Marketing and demand studies: Sheep marketing and 
intra-annual price variation in central Ethiopia 
Intra-annual price variation and effects of 
animal characteristics 

Information about intra-atnual variation in sheep prices is important for 
designing controlled breeding programmes and feeding programmes to take 
advantage of the best markets and assess the importance of animal charac
teristics on prices. 
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Nine sheep markets in the central highlands of Ethiopia were included 
in a survey of intra-ainual price variation and the effects of animal charac
teristics on prices. Fach market was surveyed on the main market day ofeIch 
week throughout 1989. Records were taken throughout the market day of 
transactions including data ol price per head, weight, sex, age, condition, 
breed, colour, buyer purpose, seller type, buyer ivpe and time of sale. In 
addition, data on the imuibr offered and tile total number sold were noted. 
l)uring normal marketing periods all transactions during the day were 
recorded. Oin heavy iarketilng days, preceding major holidays or festivals, 
enumenrators worked continuously throughout the day recording as many
transactions as possible. A total of' 51 062 transactions were recorded. 

Markets were classified as terminal or redistributive on the 1'asis of 
buyer purpose, whether prCdomiiI;ntly for direct coilsui ption, resale or 
production (fittening or breeding). Fou~r were classified as terminal, four as 
redistributive and one as interinedi ite, having equal proportions of sheep
sold for direct consumption and fr resale. This report presents comparisons 
between the major teriiiinal market iii Addis Ababa (Shola), the internediate 
market in I)ebrc Birlia and a primarily redistributive market in I)egollo. 

Price per head and price per kg data were regressed against aninial 
characteristics, time aid f'estival periods using tie general linear model. Key 
results are summarised iii Table 13. 

Table 13. Simumary 1f n., k data and g'iiiraf lin'ti imidil 
Shola. B1'1 11and Dqi o h,,I'tIio ,ia 

Shf cbI)ercShola DBira l)Cgollo 

No. ofobservations (226 8551 7782 

Mean price per kg (E1) 2.84 2.20 1.85 

I)2 0.33 ).26 0.35 

Weight ** * * 

Weight squared ** ** ** 

Sex * * * 

Age ** ** 

Condition ** ** 

Colour ** ** ** 

Buyer purpose * ** 

Season ** ** ** 

* = P<O.O05; ** = P<i.I. 

USS I = Eli2.17. 

Mean annual prices varied from Ethiopian Birr (EB) 1.85 per kg in the 
l)egollo market, a rural redistributive market, to El 2.84 per kg at Shola, an 
urban terminal market. Weight, sex and colour, all very identifiable charac
teristics, were the only animal characteristics to have a significant (P<<0.05) 
effect on price per kg in the urban Shola market. (Ninety-eight per cent of 
animals ptrchased in the Shola market were for direct consumption.) In 
contrast, in the rural market animal age and condition and buyer purpose 
also had a significant (P <0.05) effect oil prices. 
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Animal weight had a non-linear ctt~ct on price per kg in ,all markets, 
wvith animals of intermediate weight having lower prices per kg than either 
lighter or heavier animals. Mean weekly aniinil weights varied substantiallv 
from week to week and, in particular, between seasons. I Iecce, the pattern
in weekly price variation per kg dit'rcd front the pattern ii price per head. 

Weekly imean prices per kg tfr the three markets are shown in Figure 9. 
It should be cniphasiscd that thes, represent wcckly, iean prices fbr all 
animals and that the animmals are not uniforni in their distribution of charac
teristics troti one week to ,ie next. Mean weights vary markedly over the 
year, and there is considerablc variation i the distribution of sex, age, con
dititmond colour aimong the aninials oftl.cred fOr sale. 

Weekly mean
 
price

(EB/kg) - - 

4- Shola Debre Birhan Degollo 

3.5-

A 
2.A " . v vst\ 

2 .. _ ',,/, / / . -I </t. v _.I\-*..,.*. 
\ '," .I \ - , - .i. ' 

-1 47 10316 19227.22831I3437 404346i9 52 

uss 1 = MI 2.117 Week 

Market integration and market efficiency 

Information about participants, practices, market integration and price dif
fereuitials among markets is important for assessing market etficiencv antd 
potential for iluproveinents. Transaction data from various mtarkets were 
used to test whether tihe prices in onee market were independent of or dependett 
on prices iii other mnarkets. The analysis used a simple bivariate model relating 
prices between pairs of markets, with a lag structure tlOfoe or two weeks 
between redistribu~tive and terintal imarkets. 

The markets were eharacterised by a large nunibcr oftraders, nlo restric
tions ont entry to or exit froml the market and physical linkage by regular 
transport. (;iveii suc h characteristics, markets ar. integrated if prices in oneC 
are signfiticaintly dependent on prieces iiu others. 

Such tests requite tihe tse of a sitngle honiogeneous prod uct, and 
homogeneity of product was tested fbr by testing tihe behaviotr of prices 
over a period of tille with respect to the various characteristics. A. log- linear 
regression of" price against aiinimal cha, acteristics was used. H-on, ogeneity is 
indicated whletn itnteractioni coeffimcieints are not inidividtnaly orjoimitly different 
fronm zero. 

The test was applied individually for the three sex categories relating 
price to ititeractioni of animal characteristics andlt tinie as well as buyer 

Figure 9. 
lWeekly mean priceper k-, 

fir sheep its thire markets 
in ite lthiopiuanhis hlands, 

1989. 
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purpose and time. Results showed that male sheep were honiogeneous with 
respect to condition in all markets, t'inale sheep were homogeneous with 
respect to buyer purpose in all markets and castrates were iomogeneous 
with respect to coloUr and buyer purpose. However, only male sheep had 
su fficient numbers for testing niarket integration and then onlIy among four 
inarkets. 

Results of the iiarket integration test indicated that all the miarkets are 
integrated. 

A test of efficiency of' markets is made by deteriining whether price 
differences among markets ;ire explaiCd by arbitrage costs alone. The test 
involves determininig whether arbitrage costs vary with prices. litheory, 
with no technical or policy changes, arbitrage costs should not vary with 
price levels.

ResuIlts indicated iinefficieicy in the inaii teriniiial market of Addis 
Ababa, ic, all relationships estilliated for this market with the other markets 
show arbitrage costs chaiiged with the price level. Incontrast, this arbitrage 
cost was constant lii0lig all other markets. The possible explanation of this 
inefficiency in tile Addis A baba market is the existence of dChlaas (brokers)
who are not present in other markets. These brokers impose their services on 
all buyers and extract variable coinnissioins. 

A ndaracle' Kclbde and R.Inrkkcn 

An economic analysis of nutritional 
supplementation and endoparasite control on 
the performance of Menz sheep 

Endoparasites, inicI liding Fasciola lic a, HaWn ch Iscon(tormis, Dictyocaulus 
fiharia, Tric,sron ' lus coh l'rilbris and 7"rihlmris skriabini, ire a mlajor cause 
of death and niorbidity in sheep iinthe lEthiopian highlands. This study 
investigated tile economics of f'Ced suppleniitaran and eiidoparasite 
control for sheep at ILCA's I)ebre Birlian research station. 

Tie trial consisted of' four treatment groups, each comprising 50 ewes 
aged between two and fMr years. Treatments were: 
* no drench.. ig or suppleinewntation (control) 
* drenching against neniatodes and t reimIatodes 
* supplenentary t'Ldiing
 
a drenching and suppleirienta ry feeding.
 

All groups grazed together during tile day and had free access to water 
and mineral blocks. Supplementary eeding started in March 1988, and 
consisted o1"30101 g of wheat bran and 151) g of noug (Gtizotiaabyssinica) cake 
daily for each supplemnented animal. This provided 8 MJ of digestible energy
and 10)0) g of crude protein. The effccts of these treatments on the repro
ductive and productive pert orniance of the sheep are presented on page 53. 

Partial budgeting was used to compare returns to the four treatments. 
l)renching aid supplementation together gave the highest gross margin

but drenching alone gave the highest rate of rcturn (Table 14). Thus 
cndoparasite control is profitable on-station and, if the veterinary inputs and 
extension advice are available, should also be profitable on-farm. 

R.Brokkcn and P. Ngarc, ize 
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Table 14. Partiallaud,,' atstlar./a'a'sd Uapla'aa'antationand hat',llah ln, :i )ipiancu'ntr,,lralincntus, I )it'lfirai .
 
higihlands, 1989. I,alras ar' in 10,ks
lit,)ian lBirr and apply r,./ t'150 sh'p. 

Ethiopiai Birr 

Supplenienitary
 
Grazing Supph.,entary I lcalth fi'cding and
 

Item (control) feeding cotrol health control
 

A 	 Initial flock value 240)5 2844 2597 2678 

1 	 Final flock value 2082 32(07 2554 3326 

C 	 WVe aned lamb value 643 952 70.3 865 

1) 	 ;ross revenue (B+ C-A) 320 1315 662 1513 

E 	 Cost of'suppnleaelts - 796 - 796 

F 	 Cost ofanthchninthics -	 109 1(9 

G 	 Total incremntal costs (E+ F) - 796 1(09 9;)5 

II 	 Gross margin (t)-() 320 519 553 608 

Incremental returns over control 

I 	 Gross rcvctuc (I)- caatrol I))  995 342 1193 
J 	 Gross margi (I I-cotntrol 1) - 119 233 288 

K Rate o freturn to
 
incremeaalcost(I/(; x I(X)) - 25 214 32
 

USS 	 I = II12.(17. 

Sources of revenue of smallholders in
 
the semi-arid zone of Mali
 
Rural households in Mali derive thcir income from a combination of crop 
production, aniinal production and a variety of off-farm activities. The rural 
cconoiti v Can be mderstood onIly if int ormation is available on household 
resource allocation and incoitie. Studies were started inl Mali in 1987 to 
provide sucII inftormationi. 

A study site was chosen 1.5) kin north oflamako, Mali, in the Banibara 
region. This area receives 01), to 8() nn annual rainfall, most of which falls 
between Jone and September. The main agricultural activity is mixed crop
livestock productioti. The principal crops are millet, sorghu m, cowpea and 
grouitmilit. Livestock iilude caIttlC, sheep, golits., poiltrv and donkeys. 

Thirtv-tivc h1otischtolds wcre sor veyed regularly throughout the year 
ald data ,weore collected o: 
* 	 Agricultural activitics, ic,croppCd area, crops, agronomic practices,
 

yields, crop sales and on-I'arin conisumption
 
* 	 f"Inmily sizC and composition, labour av .i-lability .,rod ise for f rm and
 

ion-tfarm acti vities
 
* 	 livestock lioldi ngs an1d ldicir composition and dynilics 
* 	 off-firm generation ofiticoiliC, ic,construction work, trade, handicrafts,
 

fruit gathering amd reomtittnces.

hiis report covcrs a representative group of 15 households, monitored 

bctvccn January 1987 and February 1988. 
The average household cropped about 14 ha (54% with niilct intercrop

ped with cowpea or groundnut), ovned 24 cattle and 34 small runinnts, and 
comprised 15 people, 7 of whom were agriculturally active. 
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Table 15. Orii anrd ,unn. ,f'inc,,n in ruralhouslwlds, semi-arid zm', Mali, 1987/8?8. 

Value Per cent 
Sector Subsector (FCFA/household) oftotal 

Arable Grains 220 5(k) 43 

Agricultural byproducts 43 (KY) 9 

Non-grain 26 750) 5 

Subtotal 290 250 57 

Livestock Milk 79 kX) 15.5 

Sinall runinants 72 750 14 

Cattle 49 750 10 

Subtotal 20)1 5X) 39.5 

Gathering (wood, shea butter) 3 750 I 

Artisanal (arts, crafts, weaving) 3 (XX) 0.5 

Remittances 11 750 2 

Total 510250 100 

French Franc I = F(FA 50. 

Cropping provided 57% of household income, livestock about 40% 
(Table 15), including the value of on-farm consumption. Millet and 
groundnut accounted for about 76% of arable income. Sales of cow and goat 
milk provided 40% of livestock income, small ruminant sales accounted for 
35% and cattle sales the remaining 25%. Remittances from family members 
or relatives in urban or ncighbouring areas were the most important source 
ofnon-farin income, but provided only 2% of total income. 

S. )chralt 
C,,Ihoirtoir:lJstitut natiotalih recherche;zotfttcIIIiqii,./rcstiert,et 
hydr,,iohoique',Malhi 

Genetic resource evaluation and 
breed improvement 
Information on the performance !otential of indigenous breeds is a basic 
prerequisite for the development of national breeding policies and for improv
ing productivity. Few of Africa's indigenous breeds have bcen adequately 
studied and accurate performance data are scarce. This research theme aims 
at developing and testing appropriate nethodologics for comparing thc 
productivity of different breeds under various production systems. 

Evaluation of the performance of Ethiopian sheep 
breeds under various management regimes 

Many smallholders in the Ethiopian highlands thtten rams and castrates for 
sale during festival periods, when demand is high. A trial was conducted in 
the 1989 dry season to assess the fattening performance of three Ethiopian 
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highland breeds. Arsi. Menz and Wello, at ILCA's I)ebre lirhln research 
stationl. 

The trial used a total ot"53 adult meale sheep, aged about 22 nlionths, 0f 
the three breeds. Their initial nean weights \ver j".7 kg for Arsi, 22.0 kg 
for Menz and 27.3 kg Ibr Wello. Twenty-nine of the 53 aniuiials were 
castrated at the beginning ofthe trial. The trial lasted 28 weeks. 

A iniinals grazed on native pasture t'r eight hours a day and received 
either 2100 g or 51 1)g a d.av otfa concentrate mxturc (310.7 5 %.unoug ((Girizotia 
,1),ssi,(ia) cakc, 5(1'.%,, whca, bran. 18% nmaizC, I%'/liCmecstonC and (1.25%, 
salt). 

(;r'OWth rate did not ditter signiticantly betwcen breeds or between 
castrates aiid ctire males (Table 10). Growth rate dropped dramatically after 
the l8th week, and t'ittening bc\'Od I weeks cannot, thereftre, be rcc
otninCndcd. Fceding lcvCd had I signilicant (P < 0.05) eff'ect on growth rate, 
high--lane aninils gaining about twice as much weight as low-plane 
alninials (Table I0). Low-plaine animals weighed between 28.6 kg (Menz) 
.and 33.2 kg (Wcllo) At the clId of tlie 28-week t'ttcning period, which is at 
the lower limit of the preticrrcd weight range tr sheep to be slaughtered at tfi.s
tival periods. 

, yaiIly.:tmwTable 16. I.,a, sqwrt., me'w,s1,,n At0,1l (1 0 i,9aic "I thic hi',hl,, Id.,hrepb1re, ds, Startin., at 22 months oaqe, at 

hgli'rn./rtam mc i.k,~~cq I ).~ 1/lia , lithiopi,: 19,89.k, h 

Averagedaily gain (g) 

0-8 weeks 9-18 \vceks 19-28 weeks (-28 weeks 

Variable 11 Metan SE i Mean SE 11 Mean SE n Mean SE 

Overall 53 07 2.5 52 54 3.11 52 25 1.9 52 47 1.7 

Breed 
Arsi 17 02 4.3 17 61 5.2 17 30 3.4 17 49 3.0 
Men 18 67 4.2 18 50 5.1 18 22 3.3 18 45 2.9 
Welo 18 71 4.2 17 51 5.2 17 24 3.4 17 46 3.0 

Feeding level 

Low 26 44 3.5 26 32 4.2 26 20 2.8 26 29 2.4 

High 27 89 3.4 26 76 4.2 26 31 2.8 26 64 2.4 

Castration status 

No 24 68 3.6 24 53 4.4 24 28 2.9 24 49 2.5 
Yes 29 65 3.3 1' 55 4.1 28 22 2.6 26 45 2.3 

it 0.69 0.63 0.41 1.73 

High-plane sheep had a better dressing-out percentage than low-plane 
animals (46.3% vs 42.01%), a higher empty bocy weight and accumulatcd 
more fat in subcutaueotis and intcrmt..tilar depot,; than low-plane animals. 

These results show that male sheep of the Arsi, Mcnz and Wello breeds 
can be successfully [;ttcIied during the dry season if supplentcntcd with a 
moderate (5(10 g a day) amount ofeconcentrates. A lower rate of suppleien
tation would be unlikcly to produce reliably the standard of carcass requircd 
in the market. 

K.-D. Gatsch and K.J. Peters 
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Forage produc.1on and feeding systems 
IIIadcqILItc l11itiion is otic Of the Miost Scrits Colnstlraills it) livestock 
prtductloil iII stil-S.ah,,iian Africa. Undcrled .niiials arc tunablc to flilfil their
genctic pttcntial. Iiiiprovcilici(t tOf ag, odtlf'iOli ,nd l' systeis is 

thus a kcy element ill I:A's Sniall R in.aint Mealt ,and Milk Thrust. 
Fccd r'CSottl'Ci ISSCs01Cl ill.cYcs,;llV tliSt step. IIC Itr IS, I ideiitit*Vii dLs 

particular timcs of* 'car. (Ctuicll-cIt SILdics rceim "best bet'" Irages, and 
iIIvesligaC their l11,1l.'LcIitIit ,and use takiIn into IctOtIlit the 1:riming 
sVstci in h cthl1lCv Will be Used. 

Ill niixcd i r -livcstock svstcIIS tort.Igc lcgtIIImes can play a cenitral rOle; 
thcy prVidc higL-ouoait' f,'ecd IOr livestock .nd help improve soil tertilhity 
;11mboost crop yhield. (:rp rcsidics 1rC a valuleh teCd rcsou rcC but are 
ctIreIt ly iidltiSCd. 

Effects of oilseed cake and clover hay as 
supplements to sheep on a basal diet of teff straw 

"ieft ( I:ra.pOStis I(:) str.iw is Ali important crop rcsiduC in the El-thiopianlhigh
latds but, like ii1.i1iv ccrcil straws, it is deficicnt in protein and poorly digest
ible. (Clovcrs ('irlblilMI spccics) arc Widclv distrni'.ItCd aid Well adapted to 
conditions in thc Ethiopiaii higllaids, prOdtci-,g 5-6 t dry inattcr/ha On 
Vcrtisols, ind arc thus a potcItial suipplCIIICnt to ccrcal-straV-lascd diets. 
Notig (( ;niz:,,tia abysSiia) cakc is a readily available oilseed cake btit, since 
the hull is not rcinoved during processing, it has relatively high acid- and 
ncut ral-detcrgenIt fibrc coitcnts and hciicc its digcst ihility is proor. 

A trial was coniduicted at hl.(:A's I )ebvc Zcit rt. st arch station to comipare 
clover ('l'*i/oliilml :Tantinianm ) hay i lioumig cake as supplements to shcep
t'cO a basal diet of Iiilibii, tel" straw. There wcre nine treatnment groups, 
each corn prisiImg six Imale' sICCp. S.%pplencs offered, feed intakc and 
livewcigh t gain are shown inl Table 17. l.ivcwcight change was su bject to 
statiStical AhASIS (t test) but t'ed intake was not because tie six sheep in each 
treltenlt grotpl were grouip-ted. 

Table 17. O)py-,nalt mrak vi, ga q Drifiid,,ii,'-i,,,win ad ri.'r ou 1 11. 4 herp, Zrit,E-thiopia 19S,9., 

(;rouip iiean 
feed intake (g/day) 

_ - Liveweight 

I)ry Crude gain 
Treatment matter protein (g/day) 

I(X) - " 'rilium + 34Igiuia g 541) 113 35c 
2 25 g + 2l9ignoug 635 11 47bc 
3 5 1 g + I(M)gIIoug 685 85 61a 

2lWi gInoig 425 72 8d 
2 5 0 g " 425 86 3de 
3 510g " 4(X) 100( -7e 

351) g Trildiu,, 699 57 36c 

4iM) 715 42bcig 63 

W) g 788 84 53ab 

Mean s followed by the same letter do not diffler significantly (F > 0.0)1). 
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Noug cake as sole supplement resulted in poor dry-nattcr intake and
 
low or ncgative rates of weight gain. I)ailv gain incrasd significantly
 
(P<(0.0)1) as the mlnioulit of clovcr hay on ofter increased. The highest rate
 
ofglil was achieved b supplenmenting the dict with 3510 g of clover hay and
 
1110 g of'notig cake daily, but this level oftg.ain was not significantly different
 
trom that achieved by supplementing the diet with 00) g of'clovcr hay.


lhese :csulls show that 11Otg cake is not Igood sole supplement to a
 
tet'-str.aw dict. A comwmiiation ofncdiuin levels ot clover hay and noug cake

gives as good a rate ol'veight gain as t'cding a high level ofclover hay without
 
,ou.g caLkc. This has important practical implications where noug is readily

alvalilablC ,und chCp., 
 aS is the caise illmost of central Ethiopia. 

A.V.Said 

The value of Desmodium intortum, Stylosanthes
guianensis and Macrotyloma axillare hays as 
feed supplements 
(rop rcsiduCs are an imiportanlt animal Ibcd for snallholder firmers but 
crop-rcsiduIC-basCd diets must be supplnlC tCd if animiials are to achieve
 
adequate growth rates. A t'cediug trial was conducCtd in 1989 at )ebrc Zcit,

Etl-iopil, to assess the potential of three locally grown legtumes (Desmodium

inforlt. st)ylossllcS qu/ir .111d ,ll Vntt),hamIi axillIAr), t'd IsIay, as
alsIlis 
suppleicnlts itsheep I'd a basal diet of l.iize stover. 

The 8()-day trial consisted of- nine treatnent groups, each with six
 
.inials. Maize stover was offered ad lihituin as i basal ration. The legtinie

hays were othf'rcd .t three levels (25(0, 35) and 450)g/lIcad per day).


Intake ofiniz stover declined significantlv (P <1.15) as legume intake
 
rose. with v,,,iriblC Cf'cts on total intake (Table 18). Increasing the alniount
 

Table 18. l;,I,,:i 1ul Iody Otbiot, .I'd,','d spitak," 11.4,1it a Itual dit'l qffiaize shu,'r

,uppItIe',nt,'d 14t/h dqtlk'e,' o// h.uu'u hay .
h'u'l6 


I ry-maitter inta~ke (g/kg' per day)Supplement -- Liveweight gain

(g/liead per day) Maie stover 
 Legume hay Total (g/day) 
if)u'.utnIdit liilu illt 't 

251 28.9a 26.8c 55.7h 7.3b 
3511 26.9) 35.(b 61.9a 24.9a 
451) 17./ic 44.7a 61.7a 30.9a 

250 33.4a 26. ic 59.4b 15.O 
35(1 22.2b 36.6i 58.8b 13.9b 

451) 20.3c 44.4a 64.7a 30.3a 

.\ l~lr,),h4,h1,1xilhitrt'
 

2501 18.4a 27.6c 46.0c - 19.3b 
35(0 15.2h 37.51) 52.7b - 'I.9ab 
450i 11).0 44.6a 54.6a - 3.2a 

Within legullic %peces, vadies it the s.ame colun1n f1ollowed by tie same letterdo not dilI.r 
signific.1tl. (11>01.015)5
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of ). intrtuim on offer to 35) g/day froni 250)g/day resulted in a significanit 
(P< 0.05) increase iII daily weight gain. but increasing the amtunt on offer 
to 450)g/daNv did not result III MiN ftrther significant increase iii growth rate. 
There was no significant difelcrence it growth rate between sheep fed 
S. gQuianensis at 251) and 350 g/day, but increasing the level on offer to 45) 
g/day resulted in , large ard significant (1< 0.115) increase in growth rate. All 
sheep offered .11.axillarc hay lost weight, but those receiving 45) g/day lost 
significantly less weight than those receiving 25)0 g/day. 

Mean riniien .inu11io1i.a concentrations four hours itier felinig the 
leguine hays were signilicantly (P <(1.15) lower iII sheep ted 1). intorfum (106 
mg/litre) than in those t'd ,S. . uiaunvsis (1211 ig/litre) and .1. axillar (117 
rug/litre). (orrcspondiig values eight hours atier fI'eding were 121, 146 and 
157 ig/litre, respectively. Anituals fi.'d 11. a.villarc had a relatively low 
proportion ofpropionate iiI the volatile fitty acids iiI their ruines comnpared 
with arilials f'd the other two hays. IPropiollate is a nilajor sonurce of energy 
for weight gain. 

These results indicate that, fed as hay, both I). intortim and S.. uanensis 
sl; .' w promise as supplemeits to sheep diets based on ad lilmntu iaize stover, 
but that AI. axillare hay has no potential as a sole supplemenlt. Further studies 
are needed to re-ev.Ilate 1. axillart' as 'Icut-and-carry green fodder and also 
to investigate its ietabolism in the rumei. 

A.N. Said md Aduna "cl(hra 

On-farm verification of sheep fattening systems 
in the Ethiopian highlands 

Fauiening of rarns and castrates up to 30-40 kg for sale during festival periods 
is coiion practice on sriallholder firis in the 1-thiopian highlands, where 
ILCA agrononic studies on Vertisols have shown that crop and crop-residue 
yields can be increased. I )evelopment of tttening systems using these crop 
residues would be especially valuable for areas of land shortage, with limited 
grazing opportrtr itties. 

On-farni studies were conducted in 1989 in collaboration with peasant 
cooperatives at I )eneba and I lidi, in the Ethiopian highlands, to investigate 
the effects of, utrition and health control on sheep fitteruiIg under producer 
iaagermen t. 

Deneba
 

;razing land is in short supply at I)eneba and the sheep were stall-fed. There 
were four treatment groups, each comprising 10 rnale sheep with an initial 
average weight ofabout 21 kg. Treatments were: 
* low-plane diet 
* high-plane diet 
* low-plane diet plurs liealth control 
* high-plane diet plus health control. 

The low-plane diet consisted of 1011 g oat straw, 1I00) g faba beans and 
50 g Lathyrus sativa seed. The high-plane diet consisted of 100 g oat straw, 
1(0 g faba beans, 510 g Lathyrrns sativa seed and 451 g oat grain. Health control 
measures included drenching against nematodes and treriatodes, dipping 
against ectoparasites and vaccinating against sheep pox and pasteurellosis. 
The trial lasted 36 weeks Lip to Easter 1989. 
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Animals on the low-plane diet refused much of the straw on ofter until 
week 22 of the trial, whereas those on the high-plane diet consumed All the 
fced on offer as from week 4. 

Animals on the high-plane diet had significantly (11<0.(15) higher 
growth rates than animals oii the low-plane diet over the 36-week fattening 
period (44.9 vs 14.4 g/day). Health control did not significantly affect 
growth rate. All tour treatments were uneconomic, the cost offeed generally 
exceeding the value of the liveweight g. ied. This was in large part due to 
the high price of fabi beans and Laih),russativa seed, both of which are eaten 
by people in the F.thiopiani highlands. This demonstrates the need to base 
teding systems oil resources that cannot be consumed directly by people, 
eg, oilsced cakes and brans. 

Hidi 

There were six treatment groups at Ilidi, each comprising 10 sheep: 
* 	 grazing alone (control) 
* 	 grazing plus supplementation 
* 	 pen feeding 
* 	 grazing plus health control 
* 	 grazing plus supplementation plus health control 
* 	 pen feeding plus health control.
 

Tle ftied supplement consisted of"20AI g of Sesliania leaves, 50 g ofnoug
 
(( ;nizotiaalh}ssinica) cake, 50 g of wheat bran, 8 g of salt and 5 g of bone meal
 
daily. Pen-fed animals received the feed supplement plus 700 g of teff (Era
. 'ostis t1) straw daily. I lCalth control measures were the same as at l)eneba.
 
The trial lasted 6ff days.
 

Suppliiiemcted grazing animals had significantly higher average daily
 
weight gain (56 g/day) than either pen-fcd (38 g/day) or control group
 
(41 g/daV) aninials. I ICalth control had no significant effect on growth rates.
 

K.-D. Ga,,tsct 

Improved feeding systems for small ruminants in 
the semi-arid zone of West Africa 
In the Sahel, crop residues, pasture and browse are the most important feed 
resources durintg the seven-eight-month dry season. A series of studies was 
initiated iin Niger to idenitify forage legumes that grow well in this semi-arid 
civiron nient an1d to develop a sustainable land-use system by integrating 
forage legumes into cereal-based cropping systems. 

Initial evaluation of forage germplasm 
A total (f 45 foragc leguinc gcnotyles froi local and introduced accessions 
were screened, i1 :tltding several accessions of St),losanlthcs, Desnmdinin, 
I 'iPia, Ciarims, Labil and C(uItroscIIIa,species and single lines of'Alysicarpus 
oillltl li n, htdipqaiOIhirsu la,Jacroptili,,n Ialthyroidhsatid Tephrosiaprp re. 
Plants were grown it) .5-i rows, with I ill between rows, iii a randoniised 
coniplete block design with four replicates. 

Several lines died after an early seasoni drought, including all of the 
l)esluoditmn species and more than halfoftIe St'ylosanth,'s lines. Ilowever, all 
seven I'igna lines grew well; a local cultivar was the most vigorous and had 
the greatest seed yield. "l'eph sil anid hndigob(,raalso appeared promiising ani 
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Will be included III productIVity trials in 199), together with the three most 
promising I "i,,l,accessiOn+; (IL( A 6784, 9334 and 9628). 

Evaluation of millet/stylo intercropping systems 
The effect o intercr(o ip Iig illet (I'eonisut ut on) with Stylosantlesfitii
ctsa or S. hiamat was iivestigated ii 1989. itercroppii g treatiieits were 
alternate single rows and three rows oftnillet alternating with three rows of 
the leguie. Row,s \,ere 75 cii apart, with interplanit spacings of 1.30 ii for 
millet and 3) cii Ir stylo. Plots were 16 X 8.25 111and were arranged as split 
plots iii a randomised coilIplete block design with four replicates. 

Intercrtipping Millet with st ylo significantly (P<().05) increased total 
and usable bioniass and crude protein yields comipa red with millet in pure 
stald, but significantly rcduced Imillet grain yield (Table 19). 

These results suggest that liariners are unlikely to adopt iilletistylo 

inltercropping, as their primary goal is millet grain production. 

i IIh't-¢:a,Table 19. Ihi,,,),. ruI:,pi rIii ad lN )'ci::oImilhIt/siyIh itroriis, r, 1989. 

Yield (kg/lu) 

Total Edible 
Total E-dible crude crude Millet 

Cropping sytem bionlassI bioniass protein proteinl grain 

Pure stand 
Millet 2114 942 96 65 494 

S..fnticlsa 3075 3075 401 401 -
S.halatd 1002 1(62 123 123 -

Alternate single rows 

Millet/S..flruirosa 2889 2.361 261 248 243 

Millet/S. hamata 5703 5155 595 585 215 

Alternate triple rows 

Millet/S.fruticrSa 3126 2809 299 289 106 

Millet/S. haiata 4936 4226 524 519 139 

LSI) (5%) 1157 824 118 115 228 

Millet stover and/otr %iylolierbige yields. 

2 Millet leaf. i/ors%tv I herba: ge yields. 

N x 6,.25. 

4 (Crudeprotei of edible iaterial. 

Comparison of the feeding value of local browse species 
Browse is an important teed for ruminants, especially in the dry season hcii 
other fIeeds are scarce. Browses are often high in protein and niicral content, 
but their palatability may be limited by high levels of tannins. A trial was 
conducted in 1989 to determine the value of six local browses, Azadiracita 
indica (ii een), lauhinia rfisct'ns, (',:lrtun acUh'atum, Guicra st',.ale',nsis, 
,\,aeruacrassi/lliai and Ziziphus mauritiana,and cowpea hay, offired to sheep 
as supplements to a basal diet of millet leaves. 
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An initial palatability trial showed that the sheep readily ate Bauhinia,
 
Combr'tin, Zizipmus and cowpea hay but generally not the other browses.
 

Examination of rumen ainnionia levels showed that, while a daily
intake of 75 to IMHg of crude protein front covpea hay resulted in ruinen 
uln iolia levels of 90 to II)) ng/litre, similar protein intakes from the 
browse species resulted in only 2) to 40 mg/litre, below the level required to 
maintain microbial growth iin the rumen. Thcse browses are thus unlikely to 
be effective as supplements to nitrogen-deficient diets. 

J.Al. Powld, 1). Roxas,j. l.amhorn'imand S. Htcfh 

Development of small ruminant feeding systems
 
for the humid zone
 

A comparison of fresh and dried Leucaena as supplementary 
feed for sheep 

Agronomy trials have shown that Leucacna and Gliricidia produce most 
foliage when cut twice a year, in October andJanuary. The October surplus 
can be sun-dried and stored fbr use as f'cd in the dry season, and can augment
the January cut. A trial was conducted in 1989 to compare fresh and sun
dried Leucatnia foliage, ot'Cred at two levels, as a supplement to a basal diet of 
ad Ill,|un It,micuml maximum and 5)) g/day of sun-dried cassava peel. The trial 
used four groups of lambs, iiuitiallV aged about 10 months. 

The animals readily ate both fresh anld dried Leucaena, tie amount eaten 
reflecting the amount of'ered (Table 20). Over the eight-week trial period
animals on dry Leuca'na grew f'ster (40)g/day) than those on fresh material 
(12 g/day). [his may have been due to suc-drying reducing the level of 
in imosiiie, a toxic amino acid contained by Leucacwa. This study will be 
continued in 199) with N-balance and digestibility trials. 

rel1shTable 20. lIb"[I and dry ,I Icaena. /'d as a sulnh/1nt it 

a basial dire t.'l aIILitu i m aixilitm m 0pil it' .1 ,th'i rift
,,f la,110' ,'ivet) atd 12 i,,nth3 ,o*.¢Ce, humid .op,,' 

Nit,'ria, 1989. 

Feed intake 
(g dry matter/day) 

________Growth rate 
Supplement Supplement (;rass (g/day) 

)ry Leucaena 84 581 42a 

Fresh Lrucacna 91 580? 13ie 

Dry Lruca,',na 119 576 38ab 

Fresh Leitcaena 187 556 12c 

Meails tt owed by tie s.t 11W let or do not differ significantly 

(1)
>(1.1)5). 

On-farm use of Leucaena and Gliricidia 
as small ruminant feed 

A survey of the use of Leucacni and Gliricidia by fariners in south-west 
Nigeria in 1987 showed that they offered cultivated browse to their small 
ruminants' on 8.8 days each month, at a rate of approximately 125 g dry 
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matter/aninial on each occasion (IIJ.('A Annual Rcport 1987, pages 24-25). 
A similar study w.is coudIucted in 1989, when farmers had gained more 
experience with alley farming. The sltudy covered t'riers in two villages in 
south-west Nigeria, six tartters with alley farns and five without in each 
village. Inforniation was collected on the type and quantity of supplementary 
fied offered and how often it was oftered. 

Surprisingly, both allV and non-alley tarners oti'red lIxuauna and 
Giricidiabrowse to their axiinal,, (Table 21). N on-alley IfAriners obtained 
Lcna'naand ( ;liri,idia froin fallow alley farmis, oftei withont thie ptissitO 
of tle owner. I lowever, 93/,1 atfltolt hiv,,lcd browse otcreL by non-alley 
farmers in ( )wu-IIle and -12'X. o-that otfercd in I wo-Ate was provided dnring 
the first uionth of the trial. If the first nioth is omitted, non-alley farmers 
tfedIlcnacna anti ( ;Ii idia on OnlV one day each 111o11th. 

ry lCi'ed i'ml, l ', t '. y /ach l ' 
in 5omirt.sast ,\ji'ena. 19881'9, 

Table 21. Qi.antiry !I'miipltitnta a d ott ili' y,' ra4 h'ati nlcr' and in',rli)' n nl ft -1 1,tP" 

S)wVt-Ilc lwo-Atc 

Alley Non-alley Alley Non-alley 
lr ners hrners larlr ers larllers, 

FrCLtuccy Fre'l-lel-'"' Frequeny Frequcncy 

Suppenent (kg/occasion) (days/honth) (kg/occasion) (days/nonth) (kg/occasion) (days/tonth) (kg/occasion) (days/month) 
A nostl ( Amotl Amount Amont 

Lencaena and 2.9 5.3 5.1 2.5 4.7 10.! 4.1 2.5
 
Gliricdia
 

Grass 0.6 < 0.1 3.2 0.1 0.4 0.2 ( 

Indigenous 1.8 (1.8 0.8 1.I 3.7 0.8 4.3 0.1
 
browse
 

Cassava tuber 2.1 13.2 2.0 17.2 3.8 13.8 2.9 18.4
 
and peel
 

Household 2.1 12.1 2.4 14.3 3.6 7.8 3.4 11.8
 
wastei
 

In all groups the most common supplement was cassava peel, followed 
in three out of the four groups by household wastes. Only among alley farmers 
in Iwo-Atc were Lc(u'aet and Gliricidia more important than householt 
wastes. Farmers in iwo-Ate kept more animals than farmers in Own-Ile, 
hence the amlOullt of supplements offered per animal was lower in lwo-Ate. 

L. ReynIolds, A.N. Atta-Krah J. Co,inaand A. A.Jabbar 

Evaluation of multipurpose trees in production 
systems- alley farming 

Alley cropping with grazed fallow using Gliricidia sepium 
on degraded land 

A long-term trial was started in 1983 with Gliricidia sepium planted on 
degraded land to study the effects offallow and grazed fallow on soil fertility 
and crop yields. 
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Maize-grain yield in 1989 was close to the five-year itean iII both the 
continuous alley cropping and the continuouIs no-tree plots (Table 22). Yield
 
illplots that were hilloWed in 1980-87 generally regressed towards the
 
continuously cropped means after a sharp rise in yield in 1988. With tile
 
exception of P,soil nutrient status was higher inl1989 in tile alley farming
 
plots than ill cointzoiUsly cropped plots (Table 23). Between 1985 and 1989,
 
nitrogen and potassiunm levels were inahtajied better in alley'frning plots
 
than ulnder cojnventional rnhnagcIient. but dclincd on all plots.
 

InI the first vear ot'cropping after fillow, grazed tI'Alow plots and ordi
nary' t'llov plots produced significaintly (P<().(iS) more tree toliage (5.40
 
aInd'(.37 t dry ,itatter/ha, respectively) thall contintuouslv cultivated, and hence
 
conitiiuously pruned, plots (4. 13 t dry inatter/la). This shows that the trees
 
benefit from rem.liinng uncut during Cillow.
 

Table 22. ,\autz* dtId (;hrit-tdLa i i ,tll,,w. ,\'iNcmr,'., m ,Ah y)'ptnm,,thtdith' rian humid
 
z, ,. I i- hIt c , 1,plt *,t 'P, pe'r yer ).
t ,l, w,' 

Maiic-grain yield 
(tdry matter/ha) 

1985 1980 1987 '988' 1989 

Continuous alley firming 1.9, 2.4 2.8 1.9 2.0 

Alley farming with 1.8 - - 2.3 1.9
 
fallow 1986--87
 

Alley fitrmintg with graed 1.8 - - 2.3 1.7
 
fallow 1986-87
 

Continuous 11o-tree 1.8 1.9 1.6 1.4 1.7 

No-,,,'( with Illlow 1986-87 1.8 - - 2.0 2.2 

No-tree wlc graIed Illow 1.7 - - 2.4 2.1
 
1986-H7
 

F:irs ti.roi oly . 

All trecamcntt' rccie.cd a .alap lication of45 kg N/ha during cropping years. 

Table 23. 14al. llcm' a rms with (liricidiac'c t still (hcidal prope'rtics ,hc)'.ll and onvrintimal
 
m-rccf.1i Y , ,\'s'iriaf humid zorn. 1985- 89.
 

()rganic C Total N Bray P Exchangeable K 
(%) (%) (ppm) (mneq/I(X)g) 

1985 1989 1985 1989 1985 1989 1985 1989 

Continuous alley 1.32a 0.99a 0.1 17a 0.121a 35.9 10.2 0.52 0.37a
 
farming
 

Alley farming with 1.40ab 1.33b 0.125ab 0.143b 26.8 12.7 0.54 0.40a
 
fallow
 

Alley farming with 1.40ab 1.10a 0.125ab 0.127a 26.8 8.4 0.54 0.41a
 
grazed fallow
 

Continuousno-tree 1.46bc 0.79c 0.128ab 0.lOIc 35.9 11.8 0.52 0.23b 
No-trec with fallow 1.51c 0.9)a 0.133ab 0.124a 26.9 8.2 0.52 0.29b
 

'u-treewith grazed 1.35a 1.05a 0.139b 0.123a 27.6 8.8 0.63 0.37a
 
fallow
 

Wi'hin acolun, mceans followed by the samne letter do not differ significantly (P>0.05). 
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On-farm comparison of alley farming and conventional 
farming 

A trial was st.trttl ii 11)85 to ,truth' tle ct'lect ott tuitc yield of Ietillovi g
various proj"Irti los of tree loli.t,' i,eut-.ittd-t.t ry teed. [ltc triil tsed t'tt 
alley faris intl futr idlat,-tit tttve'ttittil o-treec irits. Nomit, 50'% or 
lb)10 % tl (le i oMtt ,hi,epr1CC d (t1)tliL'.IIlplot' ,WeaSl-lIAd i Itullth Ott 
the alley plots. ' rtjlr i, ti from tilt' lily plots wa, t1t.ttstcrrt'd to the 

lirectly Ct1titti ., ti t ' It rett h 4t,l w t .lttl sthie ,'\I hat (&tt1lp1i 

n eiIlly themnulch .,ppliled t10,W, l11t1 v..s .,l+, 
NIie/' gt.1l vild I t'C utul.'stld MI t!1C .114-V l evel tl"

1111 'l t[' 14( 11.1Mwl IuIM+I uhhl licd to 

3.04 t/ha v.ltRi .1IItit' tree WAlig. P i ttttl\,t, ipplied .I tt,lll. t t etitII 
wert'siltilar, hut mrtle markedl M ti'llte titot.l. I)t-treL it)hts. 

eti li .' ,.t.s t jLrIIt.d t a 
inaize crtp t tIe aliCV tIlits than mtit thie ctttl,'tiautal pituts (285 vs 2(0)
worker-hotursit) hut tire ditfereit, WS Iot SigLtit-ilt. 

, 


ExCithlj III., l gt yt l 1tot r I)IMd1t1It 

Alley t-ArmtreqtitrCd ddilititM.il lithutr for ieh plilmmig (21 worker
hours/ia) .I!sprt.ittdr tiltIIleIth (12 %v'rkcr-htitrs/hi)hut less latbour tor 
.'e.irintg and r'iIiiti tine'l.tnl.-. Fir lttes '\tr o te- IllVreporttd \.eds 
Iarits. whiCt ,ui-g4,Sts titit less itbotIt ,\tMIdbe teeded 1'r)- vt'edillg. (1In air 
otn-station trial, \wct'tding itt alley tI"rm took iround 10l5 ,'twrkcr-httrs/lia, 
com+pared with 175 wotrker-hturl,,i Ior trtntventitnal to-tree llOts.) This 
suliggest, t1t less labour will he ItetLed to l)LIUute 11.tiie ott i alie\' irt 
than tt ,Itu "ttmti al]IrArtn, altttugh the distribution of the work \\ill le 
dilt'ere.t. 

Survey of farmer perceptions of, and attitudes towards, 
alley farming 
ILCA started oti-fartit research with alley Iitrgin, in soIuth-west Nigeria in 
1981/82 and inthe south-eas, in 1983/84. Site then+the utinher oftartters 
involhed in on-furr research has steadily increased it the south-west but has 
decreased iIt the soutth-east. A few tartis \\ere intetnsivcly tnounitored: itost 
tarmers received advice but their activities attd perbrtornttce w'ere not inten
sively monitored. These thrirers can he considered betwect active partici
pants iii on-farit research ad autottotroIUs adopters of alley farming. A 
survey was carried out in1989 to determine their perceptions of'3ld attitudes 
towards alley rt ring as the basis for further researcth aid to .idwider difftsiotn 
of tire technology. 

A total of 151 alley fa rtinttg households in or near IILCA's on-f'arn 
research areas inboth the south-west and south-east were interviewed; 75 
(500/O) in south-west villages where on-farr research is intensive, 59 (39%) 
ill soutth-west villages where on-farr research is not intensive and 17 (11%)
in south-east villages where on-fari research is heing cotndttcted. The 
correspotding satrmples of non-alley housrlds wcre 80 (42%), 89 (47%)
and 21) (I O), respectively. The data were collected ott a sitgle visit using a 
questionnaire. 

lreliminary results show that most (89%) of the alley fIarniers gave
mulch as air important reason for using alley farming. This was confirmed 
by the fact that 73% of the alley farmers applied fcrtiliser to non-alley plots 
but not to alley plots, while only 9% applied fertiliser to both. Ninety per 
cent of the alley farmers had, at some time, used apart of the prunings as feed 
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for their animals. Although the quantities used as feCed were apparently 
sinall, farmers said that tile animals benefited from the better quality feed. 
Forty-nine per cent of the alley farmers mentioned multiple uses, including 
tile provision of staking material for yams; 28% also used !ried b-anches as 
firewood. A few Carmers in the south-east have planted fodder trees as ving 
fences to mark compound boundaries and enclose animals and crops. 

Only 19% of the alley farmers were satisfied with the amount of land 
being alley farmed; 18% l'd already planted an additional alley farm, and 
9% said they would have increased tile iiuniber ofalley faris if they had had 
more land available. Aiong the non-alley farmers, 18 (11%) were ex-alley 
fLrniers. Tell had giveni up alley farining because their trees tiled to establish; 
eight because they had lost interest. Some of these farners also initioned 
higher demand and expenses for labour as other reasons for abandonment. 

Sevev-seven per cent of the alley farms were closer to the house than 
the non-alley fariis owned by the same farmer. Ihis reduced the time and 
cf'frt expended ill goiiig to the alley farms and carrying feed tr the small 
ru ll lilts.
 

Thus, improvement of soil and crop production remain, as ILCA envis
aged, the iain interest oflthe farmers ili alley farming, but use of prunings as
 
forage by 91% of Carmers indicates that alley farming is recognised as also
 
be:. 'cial to livestock production.
 

J. Cohibia, A.N. A ut- Krah, ('. di )otDncnico i. A.jabbarand L. Reyno ids 

Reproductive wastage and hygiene 
management 
The biological and economic efficiency of livestock productiol, is primarily 
constrained by aniial health problems. Young stock and animals Linder 
physiological stress during pregnancy, lactation and periods of rapid growth 
are often the most severely affected, so that reproductive efficiency remains 
disappoiiitiinglv low. 

Low reproductive eficieincy is caused by a combination of health, fn
trition amd manai .ient factors. For most of the small runlinant livestock 
kept by sniallholder farmnecs and agropastoralists in sub-Saharan Africa, 
veterinary care and imported drugs are not viable options because of their 
cost and lack of availability. IL is therefore necessary to devise interventions 
that tarmers are able to implenicnt. 

Effect of supplemantation and endoparasite
control on the reproductive and productive 
performance of Menz-type sheep 
Reproductive and productive performance are major influtences on the 
economics of sheep production. Nutritioin and health controls may affect 
overall performance directly or t', ough their interactive effects. 

Two hundred ewes, aged two to four years, were allocated to one of 
four treatnients: 
" no drenching or supplementary feed ('ontrol) 
* drenching against nematodes and trematodes 
* supplementary feeding 
* drenching and supplementary feeding. 
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All groups grazed together during the day and were given free access to 
water and mineral blocks. Suppleientary I' eding started in March 1988;
each supplecniitcd animal received 3(Jl g of wheat bran and 151 g of-iotig 
((;ui:,tia ahyssinia) cake daily, providing 8 M.1 of digestible energy and 
10() g o crude protein. I)renching was done inJanuary,.June and September.

Styplenintation significantly (P<0.05) increased ovulation rate; 35% 
of supplIIIcnted animaIls had multiple ovulations, compared with 17% of 
control-group aninals. Lambing rates and lamb survival to weaning also 
benefited Cron stlppliiclntationl. L-WCs yielIed between 300f and 900) g of 
nilk a day, with supplenented animals yielding about 1501 g a day more than 
unsutpplecIInted animals. I )renching alone had no effect on the reprodIct;ve 
or productive pira ieters studied, but drenching had an additive cfT'ct in 
combination with supplemientatioin. The results o'a preliminary economic 
analysis are reported o page 4(0. 

Zer l.a:,( ) B. Kasali, i. .Ai kasa- Iu'r auand Ne'tussiv A''kalh'ork 

Causes of mortality in sheep flocks in 
the Ethiopian highlands 

The influence of passive (colostric) immunity on neonatal 
lamb mortality 

Previous studies have shown that tie acquisition of passive (colostric)
ininnmity increases survival ofnew-born laibs. Levels of sertm n iiutio
globulins (Ig) were investigated iin Menz-type lambs at IILCA's l)ebre lirhan 
research station to determine the elficiency of passive i1i111L11imC t raister. 
Preliminary data are available tor 16.5 lambs that reached 3(0 days of age,
Ience were classified as survivors of the neoiat al period. Ninc Li m bs died 
during the trial. 

At 48 hours postpartum the mean serui Ig level was 3.77 g/dl (SI)
1.49). Iftfilure oi'passivc tras'er is definedIas two standard deviatioIis (SI))
below tile ieai Ig level, and partial tf lurc as one SI) below, 18.8%, oflnbs 
shlowed failure or partial f'ilurc of passive trinsfi-r. The ncan scrum Ig level 
for the nine dead laii s was 2.91 g/dl, which was not significantly diff'reiit 
froin those that survived. I lowever, 44% of Lailbs that died had scrmin Ig
levels that iiidicated tiilurc or partial tfnilture of passive transfer, coimpaired 
with only 17%. of lambs that survived. 

This stIdV was made during tile raii, season when pasture was abundant, 
which may have contributCd to the high survival rate observed. A repeat 
study is planned fi. the dry season. 

0.11. Kasali, 7"kelc Bekeliand K.-D. Ga;tst-h 

Management systems 
Integrated packages of inproved health, fieding and managclent practices 
must be tested in a fiAmning systems context iin oi-f-rm trials to determine 
their biological and socio-econiomic eff'ects. Ii any given area, tile pro
ductivity of livestock herds belonging to filriners with apparently the same 
access to resources may vary markedly. Studies of the iana:;enent of these 
herds may show how tile allocation of resources under the control ofindividual 
farmers can lead to improved efficiency vith which individually and 
comminunally owned resources are used. 
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Constraint quantification in highland
 
sheep production
 
In the Ethiopian highlands, sheep in on-station trials perform much better
 
than their counterparts on farms. ILCA is investigating the causes of this
 
performance gap.
 

Measurement of performance levels and identification of 
environmental and management effects on rroductivity 

Eight flocks, comprising a total of 20()0 sheep, n,:ar l)ebre l3irhan in the 
Ethiopian highlands were monitored throulghout 1989. 1.ambings occurred 
throughout the year, reflecting the absence ofscasonality ofoestrus in Mcnz 
sheep. However, conception rates were highest in June and July when f.'ed 
was plentiful following the onset of the nain rains, and most lambs were 
born in November and Deceinber. Twinning rate was low (4. 1%). Mean 
weight gain fron birth to 18) days was 59 g/day. 

)uring the year 1172 animals left the flocks; mortalities accounted for 
39%. Sales and slaughter were the other reasons for exit,'and were equally 
divided between males and tfmiales. 

Feed resources for sheep in highland Vertisol areas 

A survey was carried out between May and l)ecember 1989 of the grazing 
practices of 12 sheep flocks at two sites in the highlands, l)cbrc Birhan, 120 
kill north ofAddis Ababa, and lnewari-l )ceieba, 5)k n north-west of Debre 
Birhan. In I)cbre Birhan nltural pastures are plentiful, whereas at Incwari 
I)encba pasture is scarce because of high cropping intensity. 

Sheep at l)cbre lirha spent about 8.5 hours a day grazing, of which 
0 hours were spent feeding; from May to October grazing was entirely on 
natural pasture, but then stubble grazing increased in importance to 25% of 
the grazing time by I)ecember (Figure 10). At lnewari- l)cncba grazing time 
was 11.5 hours each day, with a ncan of 8 hours spent feceding (Figure 11). 
The proportion of time spent f'eding on pasture varied widely throughout 
the study period, with stubble grazing making a contribution in six of the 
eight months. Farmers at Inewari-I)encba also practised cut-and-carry 
feeding throughout the period, mainly using weeds collected from crop 
land. 

In general, sheep at both sites spent least time fieding during the peak of 
the rainy season, which coincided with the lowest rate of weight gain.
During frosty pe.'iods, common at l)ebre Birhan during the winter, sheep 
remained penned until 9 or 1 o'clock in the morning. Ifsupplementary feeds 
were available cattle had priority over sheep. In lnewari-I)cneba small 
quantities of straw, hay, grain and local brewers grains were cominonly
given to all aninials, whereas at l)ebrc Birhan these were fed exclusively to 
ewes in late pregnancy or early lactation and fattening castrates. 

K.- D. Gautsch and H. Airaksinen 

Network 
During 1989 the Small Ruminant Research Network began the process of 
transformation from an information exchange group to a fully fledged 
collaborative research network. )irection of the Small Ruminant Research 
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Network is controlled by an elected steering committee, comprising 
national scientists from different regions and disciplines, with an ILCA 
representative. An interim comnimittee was elected by participants at a confer
ence held at Bal,.enda, Cameroon, in January 1989. The committee 
comprises two representatives from each of five regions in Africa. 

Information exchange 
The Network publishes a newsletter four times a year, issued simultaneously 
in English and French, with a circulation of over 1500, divided in the same 
ratio (approximately 72:28) as the speakers of these languages in Africa. 

Proceedings of workshops and conferences organised by the Network 
are published by ILCA and distributed free to participants. Proceet'ings of 
the Bamenda conference, held in January, were published in April. 

A research dirLctory of individuals and institutions involved in small 
ruminant research is under preparation. 

Training 
The well established training course, "Small ruminant production
techniques", was held at Niamey, Niger, in French during May 1989. The 
two-week course was attended by 24 participants. Individual training,
linked to collaborative research within the Network, is proposed for the 
future. 

Collaborative research 
During discussions at the Bamenda meeting, working groups identified four 
principle themes for coordinated and collaborative research: 
* 	 constraint identification and analysis, and policy and economic issues 
* 	 nutrition and the development of feed resources and feeding systems 
* 	 reproductive wastage and health management 
* 	 genetic resources and their improvement. 

Within each theme current research and capabilities, problem areas, 
possible research topics and likely outputs were identified. 

Regional workshops were held in Togo, for West Africa, and in 
Zimbabwe for the nine countries of ,he region covered by the Southern 
Africa l)evelopment Coordination Conference, and were attended by
national representatives from countries in each region and by ILCA resource 
persons. General research protocols were developed on a regional basis 
within the main research themes, and collaborating sites, participating 
personnel and current resources were identified. A proposal for funding was 
submitted to a donor, and it is expected that research, under the Network 
umbrella, will start in 1990. 

R. T. Wilson, D. Bourzatand B. Rev 
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Animal Traction Thrust
 

There was a period in the middle of this century when many people be
lieved that use of draught animals had no place in African agriculture. Trac
torisation schemes were promoted by governments buoyed by oil and 
aid fuids. In today's changed economic circumstances these have proved 
unsustainable and animals are again coming to the forefront of agricultural 
research and development in Africa. 

Farming based solely on manual labour can do little more than sustain 
the farm family. Animal power has thus again become the key to alleviating 
some of the drudgery of farm labour and helping create the surpluses needed 
to feed Africa's growing non-farm population. 

ILCA's animal traction research in 1989 focusecd on two zones, the high
land Vcrtisols area in Ethiopia and the Sahclian zone. Animal traction is 
already widely used in the farming systems ofboth zones. 

Scientists at ILCA's highland Vertisols research sites arc looking at ways 
to overcome waterlogging in these soils so that the high potential of the 
Vcrtisols can be exploited. Research at these sites is carried out under two 
themes, Intensifi:,danddi(,ersi'duse oftanimals nd A lternativesources ofaninial 
pouper. 

In contrast with rcsearch in the high-rainfall Vertisols areas, scientists at 
IL(JA's Sahelian research sites in Mali and Niger arc trying to devise ways to 
trap as much of the rainfall as possible and maximise its use by crops. An 
importanr constraint to the use of draught aninials in this zone is their poor 
condition at the beginning of the cropping season, and much of the work at 
these sites falls under the theme Feedinr, straftetics.1brdrauqtiranitnals. 

In each case, the use of drauglt-animal technology offers sustainable 
and secure opportunities for increasing productivity and reducing drudgery. 

ILCA recogniscs that with its limited resources it can have little impact 
on African agriculture if it works alone. It thus aims at supporting the 
resurgence of draught-animal research and technology development by 
collaborating with researchers in African national agricultural research 
systems, both directly with individual programmes and through networking. 
The Centre is closely involved in the West African Animal Traction Net
work (WAATN), which was established in 1985 and has done much to focus 
attention on possibilities for using animal traction in West African farming 
systems. ILCA is also working closely with the Institute of Agricultural 
Research, Ethiopia, and some results of this collaboration are reported here. 
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I 'TLU = 250 kg live-
weight. 

Intensified and diversified use of animals 
ILCA's aninal traction research is most ad'aiiced at its Ethiopian highland 
research sites, where an integrated series of research protocols is being ex
ecuted within this theme. The work at these sites is aimed at realising the 
agricultural potential of Vertisols, which covet 3.5% of Africa and are par
ticu]larly important in this densely popllated and poor region of the continent. 

Vertisols have a high water storage ca pacity. In the Ethiopian highlands 
they become waterlogged soon after the rainy season starts and remain so 
until the rains stop. ()n-station and on-farin trials have demonstrated that 
broadbeds and ftirrows, foriied using the aninial-drawn broadbCd maker 
developed jointly by the UK Agricultural and Food Research Council's In
stittte of Engineering Research (AIRC Engineering) and I[.CA, improve
drainage and thus can lead to substantial increases in fbod and fbddcr production 
from Vertisols. Removing the watcrlogging constraint also opens up several 
cropping alternatives includilg: 
* 	 early planting of crops to increase grain and fodder yields 
* 	 sequential cropping 
* 	 companion or relay cropping ofereals with other food or fbrage crops. 

Scientists must have a thorough understanding of the climate, soils, 
farming systems and agricultural potentials of the areas for which they are 
trying to develop improvements in order to develop successful alternative 
cropping and management systems. Reports here outline some of ILCA's 
activities in these areas. 

Vertisol resource assessment: Baseline data 
ILCA's scientists collect data on farm management practices as the basis for 
identifying target groups and "recommendation domains" for the introduc
tion of improved technologies. In 1989 ILCA and the Institute ofAgricultural 
Research (IAR), Ethiopia, together surveyed farming systems ilGinichi, 
IX)km west ofAddis Ababa. Ginchi is at 2200 in above sea level and receives 
1000 mm annual rainfall. More than 65% of the land is Vertisols. A total of 
102 farmers were s-lected at random from four peasant associations in the 
district, each ofwhich comprised 300-350 households. 

The mean farm size was 3. 1ha (SE 0. 1), of which 2.56 ha (SE 0. 1) were 
cultivated. The average farm family comprised 5.5 people. Teff (Erq,,rostis
tel) was grown by almost all farmers and occupied 49% ofthe cultivated area. 
Wheat was the second most important crop, grown by 62% of the farmers 
and occupying 13% of the cultivated area. Farmers also grew pulses (chick
pea and LathIyrus sativa), iioug (Guizotia abssinica), maize and sorghum. 

The mean livestock holding at Ginchi was 4.3 Tropical Livestock Units 
(TLUs ). Cattle accounted for 89% of TLUs. Small ruminants were not 
important, with an average of only about one animal per farm. There was an 
average of 1.6 oxen per farm. Farmers with only one ox or no oxen cultivate 
less than 1.5 ha; those with two or more oxen cultivate more than 1.5 ha 
(Figure 12). Total landholding and area cultivated were both positively 
correlated wit the number of livestock owned. 

Getache'tu Asamen'cuw 

Animal-drawn implements for Vertisols 
Work in this subproject has focuscd on developing implements based on the 
traditional Ethiopian plough, the maresha, for improved management of 
Vertisols. The niaresha was chosen as the basis for the new implements be
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svst emIi.
 

It a mial-dra wv inmpleinents are to he used (or weed control, crops 
Most be pIIMted in rows, rather than broadcast as at present. I-lence, one new 
implement devehlped is a ,,implc, hand-metcred seed drill that mounts on the 
broadbed maker. Ihe initi,li design used a woodel tiumel, into which seed 
was dropped by an operator walking alongside the iunplenient. Field tests 
showed that seed did not flow smoothlv through this. leading to consider
able variations in the amount of seed passing into each coulter tube. As a 
restilt, the funnel was redesigned and t1ubriCAted from sheet metal. 

Initial tests in tileworkshop showed mucIi iimproved cOnSiStellCV of 
seed delivery. With the seeder set up for wheat, with five coulter tubes, a 
mean of'26) g of seed passed through each coulter, varying between 22( and 
290 g; when set up for Chick pea with tiree coulter tubes, amean oh'(29 g of 
seed passed through acAh coulter, withia range ot'13 to 641 g. 

Under current practices, broaidbeds and furrows ire ploughed and re
formedcevery year. Reduced tillage woUld extend the life of broadbeds to 
several seasons. A tine bar that attaches to the broadbcd maker anld that call 
be used for reduced tillage was developed ill1989 illcollaboration with 
AFRCI' ngincering. 

The tine bar consists of' live tines, three straight and two curved, 
mounted on a wooden bar. In initial tests the tine bar was used to cultivate 
0.2 ha of'land that had been under maize in the previous season and (.3 ha that 
had been under wheat. Two passes were needed to achieve agood tilth. This 
took about 4 h/ha, coin pared with 24 h/ha for primary cultivation with the 
maresha. There was very little sign of bending or wear on the tines. The title 
bar thus shows considerable promise li'r use illa reduced tillage system to 
extend the lih' of broadbeds. 

A bipc Ast~aikc 
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Land shaping for water management and soil 
conservation 
The 	movement of water through any drainage system is accomipanied by 
the risk of soil erosion. II :A is thereti re investigating the eff'ect of tile 
broadbed-and-fturcow system on soil crosiol. In I)8) a trial was conducted 
to quantity, loss ot'soil froin Vertisols with diftcreit slopes. 

The trial was conducted at two sites, I)e rc Zeit and I lidi. in the Ethi
opian highlands. The trial plots had a slope O'O).(,5',, at 1)ebre Zeit and 2.7% 
at [lidi. Each trial consisted of six plots nCasuring 31) X 0 in rnning down 
the slope. The plots were surroulded bv corrugated iron sheets pressed into 
the soil to a depth of 15 cnm to prevent run-ofT froim above as well as front 
adjacent plots. Rui-off was collected in watertight tanks at tle bOttoii Cld 
of each plot. 

Three plots were prepared with bro.Idbcds alld fttrrows and three with 
traditional flat seedbeds. All plots were planted with wheat at a rate of'1511 kg 
seed/ha at the onset of'thc main rains iniJtnie. 

Both run-offand soil loss were greater troim broadbed .1id furrow plots 
than fron traditionally managed plots (Table 24). )] the Moderate slope at 
Hidi, the anount of soil lost fromi the broadbed and furrow plots was high 
but less than the II t/ha considered acceptable fr African clay soils. On the 
gentler slope at I)ebre Zeit, however, both run-offand soil losses were low. 

Table 24. Rum-iqoi and soil I ,,: boa1, ard/isro a, 1'p I Z'i (0,65'N' Sl'p ), ldds , 15at ,)brv 
anl I lid ( 2.7% sl, , IEthiopian h(,hlsd , lire'- .'nbcT I 9,9. 

I)ebre Zcit 	 Ilidi 

Run-olf Soil loss RuIh,-oft" Soil loss 
Land preparation (1113/ha) (t/ha) (m'/ha) (t/ha) 

Broadbeds arid furrows 28 2.2 113) 7.0 

Flat 	 115 0.7 60 3.6 

Significance 	 NS * * Ns 

NS = lot signilica:nt; * = l<4l. 

A second trial investigated the possibility of sequential cropping of 
wheat and chickpea. Wheat was planted on broadbeds in mid-June, at the be
ginning ofthe main rainy season, and was harvested in September. The top
soil of the broadbCds Was then cultivated using a blade harrow. Chickpea 
was broadcast on the broadbeds anid covered using the blade harrow. 

Four treatments were applied to the chickpea crop: 
* 	 no irrigation (control) 
* 	 irrigation at planting 
* 	 irrigation at planting anld during tile vegetative stage 
* 	 irrigation at plantilg, during the vegetative stage and at 5(0% flowering. 

Plots comprised t'hMr broadbeds and five furrows and were 50 01 long 
and 4.8 ni wide. Irrigation water was applied via tile furrows. 

Chickpea did not gcrminatc in the unirrigated control plots, whereas 70 
to 80% of seeds germinated in plots irrigated twice or three times. Plants on 
plots irrigated only at planting \.ere significantly (P<J.0(5) shorter than 
those growing on piots that were irrigated twice or three times. Plots that 
were irrigated three times gave grain yields significantly (P<0.05) lower 
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than plots irrigated once or twice (I.I vs 1.4 t/ha). Straw yield did not differ 
significantly between treatments. 

These restlts show that it is possible to grow chickpea following wheat 
in the same season i water is available to irrigate the chickpea at planting. 

A iye -statk 

Cropping systems on drained Vertisol3 
II.(:A has been conducting researcher-managed trials at several sites in the 
Ethiopiaii highlands since 1980 to test various crop and torage species and 
varieties: the aii is to develop appropriate cropping systems for Vertisols. 

Experiments were carric.1 out in1 1989 to test high-yielding wheat cul
tivars on drained Vertisols and the technical viability, stability and sustain
ability of' and economic returns fron. a variety ot cropping systems. 

Undersowing wheat with clovers 
An experiment started in 1988 to test the effect ot'undersowing wheat var
ieties with clovers was continued in1989. The trial was conducted at three 
sites: I)ebrc Zeitl(1800 in above sea level). ;inchi (220)0 in) and Akaki (23WK) 
in). linproved whCat varieties (Enkoy bread wheat, and Boohai and Gerardo 
durtii wheats) were grown in pure stand and tundersow, with a inixture of 
"rI 0icl)lin Mid "il'0hllit??) ridclpfpli'n, sowii at a rate of 12 kg/ha.st,'qdri11 

Undersowing wheat with clover did not sign ifica.iitlV affect wheat grain 
Mid straw yields but significantly (P<II.00)1) increased total foddcr yie!Js 
(Tabl,"25). These results are consistent with those obtained in 1988 (ILCA
Ainual Re-prt 1988, pages 62-63). Undersowing wheat with clovers thus 
appears to be a viable cropping practice fr tile Ethiopian highlands, offering 
larger aniounts of higher quality feed fbr livestock without depressing food 
crop yields. 

A bate I .1dla 

Performance of wheat on broadbeds 

An experinient stirted in 1988 to evaluate wheat varieties on drained Ver
tisols at IrmediumIII and high altitudcs was oiintinted inl1989. Trials compared 
the performance of three improved durumn wheat varieties with that ofa local 

,,ican .lu, 'htt and 
ttpurei ind jins ithihtw'r' lhlr (Gifllit ,vid .-I." ki, 

Table 25. ( ),'.rall 'h,',1 u ,frau ,huc,, t'''idtytcldqor thrc inprtlwe u'd~ra/ 
n ,ttd ,la deti'i, at /C it, 

Ith I.,i a,I 199 

Yield (kg/ha) 

Wheat Wheat Clover Total
 
(ropping syste grain straw stubble feed
 

Enkoy with no clovers 988 2880 - 2880 
Enkoy with clovers 1026 2799 4990 7789 

thwhai \v1:h no clovers 784 2687 - 2687
 
loohal with clovers 8.51 2473 5462 7935
 

Gerardo with no clovers 975 2664 - 2664
 
Gerardo with clovers 863 2-414 6486 8(X)
 

LSI) (5%) 153 256 - 770 

A Intlitre of Tri/uluuls 3teudrinriandl rflliumi -nppldliann. 
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dutrun wheat check at l)ebre Zeit, Ginchi and Akaki medium-altitude sites. 
Trials at Bichena and Inewari high-altitude sites compared the performance 
of three improved bread wheats with that ofa local durum wheat. 

Grain yield did not differ significantly between varieties at the medium
altitude sites, but two of the improved varieties (CIT 71/Candeal and 
Boohai) produced significantly (P<0.05) more straw than the local check 
(Table 26). At the high-altitude sites, bread wheat ET 13 yielded significantly 
(P<0.05) niore grain and straw than the other varieties tested, yielding 
almost twice as much grain as the local durum wheaz check (Table 27). 
Enkoy also yielded significantly more grain than the check. 

Table 26. Overall trean .,rai, ad strait yields tol'duruni wheat 
lltivarmin drained 1"rtistils at I)ebre Xci, ,- kaki and 

(Gin(Jimid.altitudesites, l.thiqpia, 1989. 

Yield (kg/ha) 

Cultivar 	 Grain Straw 

Local check 1358 3245 

Boohai 	 1440 3781 

Cocorit 	 1217 3391 

CIT71/CandeallI 1571 4096 

LSD (5%) 	 245 318 

Table 27. 	 Overall ,n.an grrain and straw yields 11'a local duroni 
uheat and three bread wheat i'arieti-s on drained 
I'ertisols at Bichena and Jreweari hil-altitude sites, 
Ethitpia, 1989. 

Yield (kg/ha) 

Cultivar 	 Grain Straw 

Local check 	 831 3456 

HAR407 	 805 1951 

Enkoy 	 1203 3755 

ET 13 	 1041 4391 

LSD (5%) 	 122 332 

Farmers in the Ethiopian highlands usually plant short-season durum 
wheat at the end of the rains to avoid the problem of waterlogging on 
Vertisols. The trials at Bichena and Incwari demonstrate how improved 
drainage can increase their yields and productivity by allowing them to plant 
higher-yielding, long-season bread wheat at the beginning of the rains. 

Abate Tedla 

Legume production on drained Vertisols 
Improved drainage of Vertisols also offers the opportunity for early planting 
of forages to exploit the full length of the growing period. The impact of im
proved drainage on the productivity ofa tree legume, Sesbania sesban (Debre 
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Zeit ecotype), and two annual forage legumes, Labhl purpureus (cv Rongai)
and Vi.ina uniuiculata (cowpea), was assessed on Vcrtisols at 1)cbrc Zeit in 
1989. 

Sesbania, Laial, and cowpea were planted on 20 Junie 1989 at seeding 
rates 20, 51 and 75 kg/ha, respectively. 'Fhe seed and fertiliser (1()0 kg diami
monium phosphate/ha) were broadcast and then covered using the broadbcd 
maker or a mar'shia (for flat plots). The experiment was laid out in a split-plot 
design with four replications, the three legume spcci,s as the main plots and 
the two land preparation methods as the subplots. Plot size was 25 X 20.4 in 
(17 beds). l)ry-niatter yield was assessed 6, 12 and 18 weeks after emergence. 

Lablal/ and cowpca gave significantly hngher dry-matter yields than 
Sesl,,aia at each harvest (Table 28). Cowpca yield was significantly higher 
than that of Labilh six weeks after emergence, but thereafter did not differ 
significantly. Seslania grew better on broadbeds throughout, cowpca grew 
better ol broadbcds onl) up to six weeks af:er emergence and Lablab grew 
better oi flat plots up to 12 weeks after emergence. However, Lablab grown 
oil broadhCds gave the highest yield of the trial 18 weeks after emergence. 
There wcrc significant (P<0.)5) interactions between leguime species and 
land preparation methods, indicating that the legumes responded differently 
to Ole inproved drainage. 

Trable 28. )ry- nmatter )'mylle"I sci.mia ,eb.a, [.abld purpu rcus (ci, Ronkii) and Vigna
MangU l thidiIIMl'l/)' Ireparcd pht j dd andt/imrrois (lll:)inl l)breILt.i11.i t n,hroa 

Ze. l-
Ethiopia. 1989. 

I)ry-mattcr yied (kg/ha) 

Timeotia rvst Srsbllia Labi/, I "il'na
 
(wcck, after
 

cmergence) Flat Bi3lF Flat BBF Flat BBF
 

6 251 541) 650 470 830 1040 

12 1981) 24X) 4450 3360 4780 4000 
18 250 3650 64110 7141 6010 5930 

These results show that forage legumes differ in their response to im
proved drainage of Vcrtisols. Further studies arc needed to characterise the 
response ofdifferent forages for use in broadbed-bascd cropping systems. 

1-1. A iraksin'nand Abate 7Tedla 

Vertisol management in the Ethiopian highlands: 
On-farm technology verification 
The ultimate proof of an intervention is its acceptance by farmers, and ILCA 
is involved in a programme of on-farm verification trials with the broadbed 
maker to determine its acceptability to farmers. This programme, which 
started in 1986, is also aimed at paving the way for large-scale, extension
oriented activities. 

The verification programme in 1989 involved 40 individual farmers and 
25 producer cooperatives with some XXX)member farmers near Debre Zeit, 
Dcjcn and Inewari, in the Ethiopian highlands. Trials compared crop yields 
achieved on broadbcds made using the broadbed maker with those achieved 
on plots prepared using traditional practices (flat seedbeds at Debre Zeit and 
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Dejen and broadbeds made by hand at Inewari). Farmers divided their fields 
into two plots; one was prepared traditionally, the other using the broadbed 
maker. All other management practices and inputs were kept the same for 
the two p!ots. 

Land was ploughed using the traditional miaresha in April, luring the 
short rains. Second and third cultivations, also with the maresha, were com
pleted by mid-JL ne, during the main rair:s. The plots were planted with 
wheat (cv Boohai at !)ebre Zeit :.nd cv ET 13 at all other sites) between mid-
June and early July. Seeding r;re was 150 kg/ha. Plots received 100 kg of 
diammoniumIn phosphate/ha at planting and another 50 kg -it tillering, in 
accordance with the recommendations of the Ethiopian Ministry of Agricul
ture. Plots were kepc weed-free. l)at; were collected on labour and arnial 
traction inputs, grain and straw yields and market prices for inputs and prod
ucts. Grain and straw yields were estimated by sampling 1% of the plot area. 

At l)ebre Zcit and l)ejen, wheat grown on broadbcds gave significantly 
(at least P<0.01) higher grain and straw yields than wheat grown on the tra
ditional flat plots (Fable 29), resulting in a significant (P<0.001) increase in 
gross revenue and gross margin from broadbcd plots. Yields and revenue 
were also less variable from broadbed plots than from traditional plots. 

Table 29. Grain and sranu, yields, hlgross r'enut'and gtross ltarins f :h'at qrioun on brladbcilsand 
,,n traditionally Inan ,I,d plots at D)cbre Zrit, Dijcn and I,uetari, Ethiopia, 1989'. 

Debre Zeit Dejen In :wari 

Broadbed Trad. 2 Broadbed Trad.2 Broadbed Trad.3 

Grainyield 

kg/ha 1353 1029 1281 892 1274 1347 

CV (%) 10 20 20 33 59 69 

Sig. level P<0.01 P< 0.001 P = 0.72 

LSD (5%) 162 172 403 

Straw yield 

kg/ha 3335 2628 22-35 1761 2820 2554 

CV (%) 8 24 15 24 49 55 

Sig. level )<0.01 P<O.M01 P = 0.43 

LSI) (5%) 447 240 665 

Gross revenue 

EB/ha 1083 830 737 516 994 1071 

CV (%) 8 18 20 32 56 67 

LSD (5%) 114 97 292 

Gross margin 

El/ha IM 652 542 321 799 822 

CV (%) 10 23 27 51 70 82 

LSD (5%) 114 97 292 

1 Means of 10 plots at i)etre Zeit, 21 plots at l)ejen and 35 plots at Inewari. 
2 Flat seedbed. 

s Iland-made broadbeds. 

US$ I = ElI 2.07. 
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At Inewari, grain and straw yields did not differ significantly between
 
crops grown on broadbeds nmde by hand and those on broadbeds made
 
using the broadhed maker. The relatively high CV at this site IINay have been
 
due to inicro-ponding on some of the broadbeds.
 

These results are consistent with those obtained illprevious years (see
 
II.U.-A Annual Report 1988, pages 63-0(0), and again deionstrate that using
 
the broadbed maker cniincrease crop yields where crops are traditionally
 
planted on flat seedbed. At !Iewari, where broadbeds are traditionally tiade
 
by hand, using the aijiral-drawn broAdbCd maker can iedtlce tihe drudgery
 

f ld preparation.
 

The Cull benefits of the broadbCd maker will onlv be realsed if other
 
corriponeIs ofrthe cropping system art changed, in palrticular early planting
 
of improved varieties and use of I'rtiliser. Farmers involved in this testing
 
programnme were keen toplant improved wheat varieties and apply 1-ertiliser,
 
but were concerned that thev iiV n)Ot .alwIVSbe aVailahiC "Itell
I)'LIeeded.
 
Some llst) Iear th,,t
dry spells soon after planting could affect crol ,-stablish
ment onl br i.,dbcds arid that their crops cocld be de\vastited by severe grass
hopper iinfestation, particularly at lower altitudes, thereby wiping out their
 
investMeCt in seeds and fcrtilisers. All these potential problems inust be
 
solved frthe bro~adbed maker is to be widely adopted.
 

G -;¢ta,h'-l, l.'Asalte'n 


Feeding strategies for draught animals 

Feed supplementation and work output of oxen 

Shortages Of fed, aid the poor LIu.lityvof'Ced Ivailabl,. miake it difficult for 
Sahlihiatifarners to mirainitain the boty condition of their draught ariinrralS. 
Work started by IL( A it Mali in 1987 is iilled It deterriniuig the effect of 
feed! stlpplellet.tioii otlwork oIutpt Of -oxeln. 

()rr-st.ation trials carried out ill I987 arid 1988 showed that stpplenment
ing work Oxen duriig the dry scasoi, incrt- sed their body weight and con
ditiM but l.ld little eff'ct iltheir Capacity for work. A further assessment of 
tl, effect of varilous aniial characteristics on capacity for work was con
dcrcted iti 1989. The work tIlidertakei, bv 20 oxen pairs owned by siriallhrolders 
w.as nonitored under village ti,lditions throughout the rainy season. Work
irig tilere. speed of working .11d f'orcc exert'd 'weremreasured e'rv l'our 
dayvs. The oxen were weigled each itiOnnth aid their coLidinioi scored revery Nicholson M .1 arnd 
seconrd month. At the cnd of the cropping season all die firmers illtwo Iuterworth M 11. 
villages were to the extent which used . toninterviewed Ltterninc to they 1986. A *iid' 
draugbht oixeri A.d problem they experienced during field opcrations. ditini sctrin., o :ebr 

The oxe,, had I nrreari weight of 277 kg (SI) 61.2) arid ir average body attlI. (A (filter-
Snational Livestockcoinditiont of M at tIre start Of field oper.,tiois at tire beginning of the rainy ('entrc for Africa), 

seasOnI. Addis Ababa. Ethiopia. 
From the Middle Of Jurly' to tIre end of' Septeumber all auinials ganied xi 29 pp. 

average of 0.600 kg/day, f'r a final ,irca liiveweight of 325 kg (SI) 67.1'), and 
gained illbody coniditioni to Me. 

'fthe 99 farmers interviewed, 95 uIsed OXenl f'or ridging arid 72 used 
thein f'or weeding. Between 4(0 and 51 used oxen for ploughing, harrowing 
or re-ridging, but only 24 had sown crops nsing ox-drawni equipirrent. 

Average daily working time, nr ber of days worked, speed of work
irig aid force exerted by a pair of oxen for tire niajor field operations are 
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1.07 

Table 30. 	 Av crt daily wo'rking lime, umbcr tq days wtrkcd per ),car, speed iqtl'leratiomiand))thre
cxertcd I,}, , ox-pair in dilfi'rct:field operatio,,s Mali, 1989., 

Minutes/ Force Speed
Operation day Days (N) (mI/s) 

Harrowing 	 250 3.4 652 

Flat plouighing 171 2.7 825 (.85 

Ridging 	 273 16.2 835 0.74 

Seeding 	 na (0.9 292 Ia 

Weeding 	 209 11.2 656 0.77 

Re-ridging 	 282 2.7 708 0.72 

na = not available. 

presented in Table 30. The force exerted in relation to the weight of the oxen 
pairs was generally high, with ;a average load on ai oxen pair of 15% of 
liveweight in ridging and 12% in weeding. However, there was little evi
dence of problenis with oxen in work. This ma • !,ave been due to heavy 
work being limited to short bursts. I)uring ridging, for example, oxen 
worked on avcrage oit a cycle of 67 seconds, over an average field length of 
51 1n, followed by a break ot"27 seconds while the equipmelt was turned at 
the end ofthe field. 

At the beginning of the working period oxen pairs weighed between 
404 kg and 762 kg. Irrespective of this wide range in weight there was no evi
dent trend in performance in terms of'spced ot'working, duration of work
ing or force exerted. 

None of the physical characteristics assessed (livewCight, size id body
condition) appeared to affect working performance of'oxen under practical
conditions, whether in tcrnts of'specd of work, duration of work or, perhaps 
most surprisingly, force exerted or total work output. These results sugigest
that dry-season supplCmentttionl and weight gain would not improve work 
output and would be unlikely to increase the amount of land cropped or crop 
production. 

J).Bartholomew 

Animal traction network in Africa 
In May 1989 ILCA hosted a protocol planning mecting of the West African 
Animal Traction Network (WAATN) at the Ccntre's headquarters in Addis 
Ababa, E-thiopia. Participa-its from II countries (Bilenin, Burkina Faso, C6te 
d'lvoire, The Gambia, Libiria, Mall, Niger, Nigeria, Senegal, Sierra Leone 
and Togo) presented research protocols, which were refined during the 
mecting and will be presented to potential donors at the next WAATN 
workshop, to be held in Nigeria inJuly 1990. 

The proceedings of the co:ferice on "Animal Traction for Agricul
tural e)velopment", held in Senegal in 1988, werc edited ill 1989 and will 
be published in mid-199). Work was largely completed on an annotated 
bibliography on the use of animal traction in sub-Saharan Africa. This is 
being prepared both in book form rao as a coniputer database on the 
UNESCO Ci)S/ISIS software. Both will be available by mid-1 99o. 

R. ion Kat/flnafin 
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THRUST STAFF 

Sjutzi, Thrust Coordinator (until lay 1989)

I von Kaufiuann, Thrust Coordinator (JromMay 1989)
 
Abate Tedla, Forage Agronotnist
 
Abiyc Ast.itke, .4gricultural Engineer
 
H Airaksinen, Agronomist (Associate E.pert) 
P Bartholomew, l:OrageA gronotnist 
Getachew Asamiicncw, Agricultural lEconomist 
M U (oc, Animal Scientist** 
I Haque, Soil Scientist 
I) A Little, Atnimal Nutritionist 
N LuVindula. Soil ,licrobiolo,gist (Post-doctoral Associate)* 
M A Mohamed-Saleei, .Agronomist 
L M ugwira. Plant Nutritiotiist ( fisiting Scientist)* 
A anin, Economist (Post-doctoral Associate) ** 
E Zerbini, Animal Scientist (Ios.-doctoral Associate) * 

* .li'frd ICA in 1989 
** 1.1t-1 inlI)89 
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Animal Feed Resources Thrust
 

S¢asonal feed shortages and the low nutritive value of feeds available are
 
tw 1und.InLiCnal coistraints to runianit livestock production throughout
 
sub-Salaran Africa. Ihc Animal Feed Resources Thrust, I, .;izher with the
 
plant science prograiuine, ot the three conInIoditv thrusts aii dIi lPolicV And 
Resource Use Thrust. ,ddrcsses these constraiuts. 

lhe Thrust aiMis at developi ig ted tcchnologi:s that use herbaceous 
torage legunies, lcgunc todder trees and agro-imdustrial byproducts to sLp
plenient indigenous pasturcs anid tood crop residues. Its goal is to achieve 
higher, Ststjia1h1ble levels otfllieat an1d milk prodtctioii. 

Services and resource assessment 
The m.ior con.,traints to more 'igorous developnIen t ol'¢tced resources in
 
sub-Saharm Africa are the scarciry of adapted. hligh-Vieh.di:, forages, insutf
ticient knowhc~idge of the eft-cts ct iutricut and Watt'- !ilitations on plant
 
perforinanc, the abscncc of ettectlive herbage seed supplies, inadequate use
 
of'biological pathwvays for et'ecti ye supplyv and use of'nutrients, inadequate
 
know ledge of the characteristics ef Lan constituents that affect plant nutri
tive value anrd ilappropriate 'ntcgration ot advaliccd t'ecd material into mi::ed 
production svstemls. 

Some ott hese colistraints, n be overcome by deiveloping and strengthen
ing support tcilities and services, such as thie genebank, the herbage seed 
unit and the soLIS and f'ced laboratories. Others require substantial research to 
determine the potentials and liiIIitations of fecd resources. Some activities in 
these areas are reported under Otis theme, which is the core of the strategic 
support provided by the Animal Feed Resources Thrist to the feeding systenms 
research in the commodity thrusts. 

Forage genetic resources 
IL(:A's forage gerniplasm collection grew in 1989 to more than 10 000 
accessions of grasses, legumes and browse species. 'rhe objectives of the 
genebank are to collect, acquire, store, document and determine the mor
phology of a wide range of forage gerniplasm that may be ofuse in the various 
environments ofsub-Saharan Africa. Tile genebank's material is freely avail
able to bona fide forage research and development workers in sub-Saharan 
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Africa. alid 6746 samples were distributed i1 1989 in response to 245 re
quests. A total of 3565 accessions were ili the field for regeneration and bulk
ing of seed in 19.9 most of them at IIf.(A's Zwai field site iII the Ethiopian 
Rift Valley. 

Work was started ill 1989 on in vinto culture ofl tiupurpose trees, with 
support front the International I)evelopment Research Centre. Canada. 
Geriplasmn oflcgurin i s trc ys is difficuht to inanage because the trees take 
years to mature and produce seed and because nany specics outbreed and 
thus the genetic purity ofaccessioiis is di fichilt to main ta in. Il ,itr'f chiiture is 
being studied as tie basis for alternative methods for iii utiplicatio,, that 
overcoiiie these colistraili;. 

Research on breeding systems aid pollination behaviour of selected 
species coimenced ill 1989. Research onl Scshaniascsan showed that flowers
from different accessions are self-compatible, but that tile, probably need to 
be tripped by insects for pollination, and thus seed set, to take place. lPrelimi
nary results on il rili,mn species showed that 7". tenil',sc, ".stenhnf'ri, T. 
u.Ordii, T. mltierm'e, 7". pichisermollii and T. Ibaccariniiare self-compatible 

and produce seeds without insect tiipping. 

J. I Is,mo 

Herbage Seed Unit 
The Herbage Seed Unit became operational ill Jantary 1989. Its objectives 
are to stimulate and sustain the production and supply of forage seed in 
national livestock production systems.

In its first year of operation the Unit, based at ILCA's l)ebre Zeit re
search site, started hulking up best-bet accessions of forage legumcs and 
other accessions that are frequently requested from the genebank. Extensive 
consultations with national seed industry personnel in ILCA's mandate re
gion ill 1989 confirmed that the main demand on tile Herbage Seed Unit 
from national agricultural research systems (NARS) will be primarily ill the 
service and support area. Thus, the Unit is concentrating on: 
* 	 initial increase of promising, higli-yielding accessions demanded by 

users, particularly those ii collaborative networks 
* promoting and organising training sessions and consultancies in seed

quality enftOrceiient for national seed industry personnel
* 	 seed production, harvesting, storage and handling technology 
* 	 suggesting guidelines for efflective marketing of herbage seed 
* 	 promoting discussions on policy and economic constraints to hcrbage 

seed production
* 	 assembling baseline data on herbage seed production in the countries of 

sub-Saharan Africa. 

R.Grifiths 

Nutrient cycling in forage legumes and forage
legume-based cropping systems on Vertisols 
Waterlogging ani deficiencies ill plant-available nitrogen and phosphorus 
are the main constraints to food crop and forage yields on Vertisols in the 
Ethiopian highlands. Yields on these soils can be increased substantially in
several ways, including growing more forage legumes in the crop rotation as 
intercrops or undcrsown in food crops, using cheap sources of nutrients such 
as rock phosphates and plants tolerant of low soil phosphorus. 
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Phosphate nutrition of highland clovers on Vertisols 
A greenhouse experiment was conducted in 1989 to investigate differences 
among clovers in their response to phosphorus application. Twenty clover 
accessions fron II species (T. bacarinii, T. decortum, T. rueppelianumn, T. 
steneri, T. tetbensw, T. pidiiscrolli, '. polystadtyumn, T. bilintaturn, 7. 
mnatirolianuon, T. qUartininum alid T. sdiimpcri) were grown ior 6(1 days ill 
pots filled with Vertisol from IILCA's headquarters site at Shola, Ethiopia. 
Phosphorus was applied at (), 12.5, 25, 37.5 and 50f ing P per pot (I, 25, 5f0, 
75 and I(1( kg P/ha) as Na J 11104. 1211A). 

Applying phosphorus at a ,ate of 12.5 Ing P/pot significantly (P<0.0f5)
increaeid the a.bove-ground dry-matter yield of all I'cessions con pa red 

with the uifertiliscd coitrol, but applying larger iounts oflphosphorus led 
to no fnirther Iucrease in the dry-niattCr yield of T. ,l(arinii(IL.CA 8158), 7'. 
ritppellianum (IL( A 909Hi), 7'. pi,hiMcrmollii (IL(CA 8165 aild 9960)) and '. 
polstatd)'Iui (II(.A 0298). Two accessions of T. deco'n (IILCA 6264 alld 
9682) prodlIceLI the highest dry-,iatter yields. Root dry-matter yields tif0
lowed generally similar trends. 

The "ideal" accession or species for use under s nallhoher conditions is 
one that gives high yields when little or no phosphorus fertiliser is applied yet 
responds well to applied fertiliser. Based On these criteria, the best accessiois 
vere T. detrim (II.(CA 6264 and II.CA 9682) followed by T. qiartinianmn 

(I L(A 6311). 7'. bilinvatun, (IL(A 8351) and T. tcmbcnsc (IL(:A 9681. 8635 
and 8501). 

Biological nitrogen fixation in highland clovers 
A field trial was conducted at ILCA's headquarters site to determint the amount 
of nitrogen fixed by eight accessions of five 'Tri liun species (T. quart imi
,aMI, T. stmudneri, T. dectrm , T. rmutpc'lliantum and '. rt'mbtse). The 
aniount of nitrogen fixed was estimated using both the nitrogen differ
ence method, with oats as the nitrophilous reference crop, and the :SN 
method. 

'rhe two methods gave similar results and ranking, but the I N method 
indicated slightly larger amounts of nitrogen fixed. "rifoliumn quartinianum 
(ILCA 6311) and '. dc-orum (ILCA 6264) fixed most nitrogen (Table 31). 
Fixation met from 84 to 89%, of the nitrogen Ieeds of the various species and 
accessions. 
I. Haque and L. .%ugu'ira 

Table 31. Iiio'.1pcal P.itft,'cn fixji,',: by z'ariou c:,hrr (Tri
fi liu m) sit' Itt's/,(CC'ssio s.,rcU,? y n ,: I ertistil, Shil,j, 
Ethiopia, 1989 (" . methld). 

Amount ofN fixed 
Accession (kg N/ha) 

T. quartinimrn (ILCA 6301) 122a 

T. deconmm (ILCA 6264) 1 2ab 

T. naepprilianum (ILCA 6260) lOObc 
7'. deconm: (ILCA 9447) 89cd 

T. tembense (ILCA 71(12) 84d 
T.quartinianun (ILCA 9379) 81d 

7'. steudneri (ILCA 9720) 75d 
T.steudneri (ILCA 6253) 55e 

Means fiollowed by the same letter do not differ significantly

(P>0.05) (l)uncan's Multiple Range Test).
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Initial evaluation of feed resources 
ILCA is evaluating forage legumes at several sites in Ethiopia and Nigeria; 
this section presents some of the results obtained at these sites in 1989. 

Forage legume evaluation in a subhumid, 
mid-altitude environment on an acid soil 
(Ethiopian Rift Valley) 
Three Stl'hsamthls species (S. hanata, S. scabra, S. piian nsis) were screened 
in 1989 inl large nurseries on acid ,.oil at Soddo, a mid-altitude site in 
Ethiopia. 

In the S. hamniaa nursery (163 accessions) cutltivar Verano (ILCA 167), 
which was developed in Ausrralia from seed collected i Venezuela, yielded 
I1 t dry matter/ha in 18 cuts during 1989, miore than three times as much as 
the second highest yielding acces!;on. 

Inl the S. scabra nursery (93 accessions) cultivars Seca (IIL(CA 140) and Fitz
roy (ILCA 441), both of which were developed in Australia from seed col
lected in Brail, were outviclded by several accessions in a single cut at the 
end of the establishment year. IL.CA 12555, an early mnaturing line obtained 
fron the United States AC'aldcmy of.Scicnce, but which probably originated 
in Brazil, gave significantly (P)<(0.0)5) higher vi Ad than both cultivars (2174 
kg dry imatter/ha, col pared with 762 kg I)M/ha for Seca and 661 kg l)M/ha 
for Fitzroy). 

In the S..giiancnsisnursery (201 accessions) cultivars Oxlev (ILCA 1)and 
Cook (ILCA 4). dCvClopCd it) Australia 'roin secd collected in P'araguav and 
Colomjbia, respectively, were outyicldcd by several accessions, in particular 
by IL('A 11879, which yielded 12.2 t/ha in eight cuts during 1989, significantly 
more than OxIc,' (2.4 t/ha) and Cook (8. 1 t/lha). 

J. Lazicra,dJ. Kalrrantaia 

Evaluation of tropical forage legumes for subhumid 
West Africa 
Evaluation trials for subhumid West Africa are conducted in tile subhunid 
zone near Kaduna, northern Nigeria. 

ScVn accessions (three of St'k ..rthics iuitmn.i.S and one each of C0,
troscona acuti/olinm, C. pascuorun, S..liticos and S .M'abra) that showed prom
ise in ini, il evaluation trials in 19S8 were tested in an agronomic evaluation 
trial in 1)89. Ccntrscma pascirwnl (ILCA 14972) and S. guianensis (ILCA 
15557) again gave the highest yields (1886 kg/ha and 1837 kg/ha), signifi
cantly (11<0.05) more than the S. hmatna cv Vcrano check (1244 kg/ha). 
St}yhs,'iitics. i~iaiicflisi remained grcen throughout the dry season and has so 
far proved resistant to anthracnose, a fungal di;ease common on stylos. 

In another experinient, 13 S. hanaia lines selected from amlrong 163 lines 
tes,ed inl an initial evaluation trial in 1988 were airroilomically evaluated in 
1989. Three (ILCA 15876, 15868 and 15861) gavt significantly (P<(0.)5) 
higher dry-matter yield- at the end of the wet season than Vcrano. 

A nmong 1(0 acLcssions (two At'schntwmcnet histrix, two S. guiancnsis, and 
one each of Desipcdinin mil-atls, 1). discolor, I). distortmon, 1). tortuosum, Gal
atiai striata and I'ii/,,a oaracalla)under agronoiiiPr evaluation for the second 

year ili 1989, both A. histrix accessions (SOI)EIP'RA and ILCA 12463) and 
both S. guiai'ensisaccessions (CIAT 136 a;d CIAT 184) gave significantly 
(P<0.05) higher dry-matter yields than the S. hainata cv Verano check. 
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Aeschyn,,me.,c histrix accession SOI)EPRA gave the highest yield of about 
13 t/ha, compared with abo!. It) t/ha fir ILCA 12463 and the two CIAT 
accessions and 3 t/ha for Verano. 

S. "arai'aliand.1. Peters 

Agronomic evaluation of herbaceous legumes 
in humid West Africa 
ILCA has been screening herbaceous forage legumes f'Or ease of establish
meint, herbage productivityV .ro persistence at Ibadan ard Fashola, south
west Nigeria, since 1987. when 31 accessions were sown. These included 
I) accessions of(C('cit,,'na, 8 of It)sni,dim , 6 of Sty'osaithes and single 
accessions of I'u'n ria phast'olhidcs. A rlaomp p rp urenmr, Cahtpoto, Inilium atrio iM
 
crIruhe'm, I i,'s iir'at,,s,lpupurcus, Ca'sia and
lin 11h l.allab rtitundilblia 
"l'cphrsia Iratilata. Scvcral accessions died in 1988; those that survived 
werc ev,,huatCd agAin i1 1989. 

Several accessions persisted over 24 months and produced more than 2 t 
dry i.atter/hia osvcr a tiree-month peri(.., at both sites, i:cluding Cciuroseina 
ar,'iarii . (C.macrocartpui, (. pn/,,s,,'ns. i )onaiLis viratus, Pucraria 
lihastoh~ids,'s.Vlys.,.ii,i(' ;raha i, S. hanata cv Verano, S.scabraai~nnsis cv 
cv Seca and S. ,,is,,a ( Fable 32). 

Table 32. V'iid, othi'rag'" ht',me a 'lIqlo, sIbadn d Fasho0a,,',,ns .i tioihs r,'rivIt, asn 
so uh-w,-.. 
\i'eria, 19,'9. 

I)ry-matter yield 
ILCA (kg/ha) 

accession_
 
Species/ctrltivar nio. lbadan Fashola 

Crenrnoamam,,l'arum 12146 5350 5(X)5
 

Pherariaphasr,1,uides 156 4781 4069
 
StyhIa:ntlhs scabra cv Seca 140 44W0 2877
 
Desnodilm ret'AipUM 174 3626 495
 

Cctlrt,'m,: ari,nariudm 12451 30M) 2138
 
S!t),,santhe'j
,amaracv Verano 75 2975 2533
 
Cah(gt oni cat-nrlum 2800 Died
,,i 272 

)c'stna:thrus£'irgatujs 312 2350 2125
 

Stylosant/li vislosa 6860 2300 6558
 
Centri,'moa pubes,er 219 2175 2755
 

Stylosa,,thrs.quian'tnsiscv Graharm 73 2100 2879
 
i)csnwdm 448 1960 3264
cincroouin 

Cttrosma sp. 153 1775 Died
 
Dcsimodiumn vatlifli: 10870 1460 Died
 
Styhlsapthes scabra cv Fitzroy 441 1148 3563
 
l)esniodiumsandwicepie' 6990 1032 Died
 

Certriscma sp. 12184 650 1106
 
Macropltiliun atro.purpurrin 69 600 1343 
Cassij rt, ndifolia 10789 600 2835
 
C,':ronse,, sp. 12182 483 593
 
Styhsanthesguianetnsis:v Cook 4 333 Died
 
Desmidiun distortum 7263 96 1909
 
Calopo,,oniurn muuiweides 6750 Died 1597 
Liblabpurpureus 6529 Died 565 

Regrowth harvest taken 25 moriths after planting. 
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Figure 13. 
Efject ,f mamre on 

l uc(rr n' .grow 4,11.',,,ld,, 

aid soil, I'tlfwpia, 11891. 


These results indicate that several herbaceous legumes are showing
promise in tile in id zone and call be considered as additional options to 
leguminous tree species, such a: Leucaclna h'uCoctphala and (;liricidiasepiin, 
already identified as uwxtil species fi.r the region. 

A..N'. A tta-Krah 

Soil fertility studies on herbaceous legumes 
There are some 40(0 million hectares of acid soils in sub-Saharan Africa. 
These soils stffier froin such acidity-related problems as aluminium and 
manganese toxicity and phosphorus, calcitm and magnesium deficiency.
The fertility of these soils can be increased by applying lime, phosphorus or 
manure, separately or in combination. [ ime is too expensive for smallholders 
to use, and so I.LCA is studying the effects of cheap sources of nutrients on 
forages grown on various soil types. The objectives of this subproject are to: 
" evaluate cheap sources ot'plant nutrients such as minure and rock phos

phates 
* 	 identify fIrage plants that make the most etficient use of native and 

applied nutrients or that are productive on infertile .oils. 
As in, 1988, trials iin 19,9) used Medicago sativa (lucerne or alf'alt'a) cv 

Hunter River as the indicator crop. 

Effect of manure on lucerne grown on acid soil 
Tae effect of dairy :attle manure on lucerne grown on an acid soil was inves
tigated in a replicated trial at Soddo, a mid-al ittde site in Ethiopia, in 1989. 
Manure was ;pplied at 0, 1, 2, 4, 0, 8Hand 10 t/ha in May 1989. Aledicagosativa 
cv Hunter River was planted in June 1980 at seed rate of2() kg/ha and was 
harvested on 30 November 1989. 

Dry-matter yield
(kg/ha)
1400. 

1300-

1200 
100- ab 

a 

1000- abc 

900

80P
700" 

600-
o 

cd 

500

400

300 d 

2001 

0 
0 I 2 4 6 8 10 

Manure application (t/ha) 
Columns carrying thc same lettcr do not differ significantly (11>).05). 
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l.i,erne drv-nwatr V iL inicre.sed lincarly with increased rates of ma
iurt iapplication (Figurte 13). Thus using the manure available in mixed crop
livestock systems in the IiglilamlS as letrtiliser can help increasC the .mott
 
oft teed available it; !ivestock.
 

Effect of various sources of phosphorus on dry-matter yield
 
of lucerne o,7 acid soil
 
Research oi r c0'i perphosellccts otlkotir plisplhorus tertilisers (triple s 
phatC(ISP): 5i aod 25";i,. iLdIilatkd rock phiuspl1tt (A R11) and pure rock 
phosphate) On dry-iattcr Vield of luctrne continue'd in 1l989. Five harvests 
were made dritig th e'car )19anId tota.l dry-matter vield ftor was .n1aIvsd. 

luttrne drv-mtattcr vield shtowed . kibadratic respomise to the amoun0111t Otf 
'15' .tplplicd II I,)8S. Appl+I\Iig FS' at 5(1 I, tr 2(HI kg l)/h.I in 1988 signiIi
caitlv (l< I115) 1ncreasetd 19'89 VieId rel.tive to the ,IfcrtilItd control 
(lAbl 33). Yields incrCaSed lIiiearlv with the anioumt otfacidulated rock 
plpl.ite, applied ii 1),",the y,'ield(di'crcet beCing signitic.nt .t all levels 
ol'applicittitm except 511kg PItha,as 25'" ARP (Table 33). [hcre was no clear 
trend ,n plots that hid rcCeivCd tmtrC.tcd rock phosphate i 1988, demon
strating the lion-reactivity otlti: source onlacid soil. 

I. Ihl.,1 

Table 33. lii b)-iatt 1! h'I,, i i I1d'. tr1haw 1 ' ( Ttilh,, tltrqhihah
 
2 i",,,il 0".,ai lt da k li,hplh, " I?I ,i,li r iho,phar (R U , Debit Zrit,
 

I-ruiser [.lcrlne try-niatter yield (kg/hi.') 

(kg/h) [SI' 5;, AltP 25% AltI' RlP 

i I23b I263c 126.3 12631 

1763a I543,b 14631)c 348j 

1I11) 21171 a I82.3j 173(ab 1616 

151n 211 1.I 1790ab 1802ab 1457a 

200il 2147.1 2054a 1854j 15801 

W :t I I I . t0it1.1,1 tItIll0wcil S.ic )ut i ii- t 11c t y (l'> i.I15) 
(I)U .1'1 .Multip It.ange I'ct) 

IL I b. ilhc leter titf I(d 0i. 

Multipurpose trees 
Mtltipurpose trees have considerab'e potential for use in Inixe'd crop-live
stock productiotn s'steIms. They providt Iigh-(u. 1 lirV 1'odder for livestock. 
t.rtiliser ill the 1t0r1i of muh'ch, ftuClwOOd, poleS 11midbuilding timber, shade 
and shelter fromn t1"lie wndT'hV also curb soil erosion, conserve moisture, 
,,mid build tilp soil fertilitv. Such plantis offer advantages over herbaccous 
spec ii tht thti, are more persistent, give higher forage yields, are miore 
tolerant of mii-,lmi~iml.I~lmiiel.111d are better able to retain high-quality torage 
ti.,der stress t'vtions. 

II.CA is evalut1.1in1g iii t ptirp sc trees its:veral ecological areas oftsub-
Saharami Africa. The objective of this work is to identify indigemnous a11 in
troduced legut iinotus trees with supetrior mitritive values. 
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Agronomic studies on best-bet lines of multipurpose 
trees - highlands 

Nine accessions of five I.xi.iw Species (L. h/i,,,cl , 1 1. 'e1.1flilia, L. 
pallida, L plil'erd,'cti .id .. rc,,Iit,. sclecied front .ui iinit'al evaluatioi 
trial, were established on .i, Alfisol at IIL(:A's I )hlrc /cit rcsC:;rch Staftiul iII 
the lthiopian highl.inds in August 1988. S,'t,,umna ml,, (11( :A I10865) \vas 
included as the chck. The icccssiows were plainted in thret' hr ek. cach con
sisting of rows 24 ti hog ,andI .- tit apart. Irc,,were pl.Iiitcd ) :i apart 
within rows. The trees wcrc cut it Atigust 198'), in the wet casoi, at 75 cin 
above ,ground level and agam 1 , id I_2 da vs later. ['he first cut provided 
an estimate oft it .iiiolit offoliagC that1WOUld be AvaiLbl .as iuIlc ttI.r n 
associ.ItCd cereal crop in .n .illCV-Croppnil svstcill. Subsequcnt Cgrowit
cuts were iied at detcriniiig witi t'4ia" ,hould hc cut dirig the dry 

sCIsonl to Iiiaxiliiisc Vield and avoid c- c.ssiv. leaIldrop. 
FoliaLge drv-iitu tcr yi'lds were gcrallv lowti, Atutist. cxccpt fur ic

•"esslol.., of' I.. p ld'l,, L. ,It,( .and . 't.! , c.I,m41 (Table .34). lx ict ia, 

,dllid, II.( A 142()3 produced te higiest folige yield. is III the initiall Cvlu
,.on tria. Several .wccssiow, had lowcr vields o, d.nv 128. 82 da vs after the 
final raintal, il ;n i day S,. probably duC 10 Ie.af-drop resuiting rout soil 
Moisture sttre.., S..4,. mIkm V.a, particularly badly .f"crcted ill this rc pcCt. 

.'S.,l,:. :',,, had the higlhtesmtittrogetlilad .ih cOttCits, WIs low it lig
ii aiid ad th lt'i. ihtst ill Ir,, dr\ -ii atter digestbilit, (IVI )M)). All 

LCi',ia01h iCCeIOt,is hd hig2,h 1ltrog'li coittEtCIS and IVI )MI ) .. 110 gr.itcr 

Two ,i'ssioils of"I.. vllid, conIbinCd good dr'-itiattcr viel ds Withl high 
litro,'en COttCIt and dige'Stibility. lilese thus are alternatives to S. ., 'wt for 

Use at Middle to higher altitudes iin stib-Sah ,rrai Aflrica. 

.1."T'tffill
 

Table 34. l'ilf t i,'oIttui.n Itfl.tv on k-Inattr y't~ld il ,t. i,'ti of I ctit'catia. 1)ehle XZ , h:ia'l. 

l)rv-iattcr yeld (kgt/ha) 

ILCA First cut in Following i 'st cut at 
a CcSsinI Wet Seasol ---------

Species number (Atugust 198(l, t Idays 86 days 128 days 

.. Isw'phala 71 "10f 882a 9)91 ab 536A) 
(cv. Perui) 14198 227t" 230bc 481 bc 799i 

1421M(1 128t' 406bc 399c 539ab 

L. di,'ersil'lii 1 1676 447cf 410 402bc (,24a 
14193 88.dc 547abc 587bc 35(,b 

. pallida 	 14 189) 15651;c 593abt. I 87a 699a 
14213 2511la 504abc 1240a 808a 

. pul'rnilenta 	 14197 634dc f 411 tc 657bc 726a 

L. [ei','11 142111 1I178cd I 9 Ic 601 bc 556. b 

SesIailia51.l,za 111865 191 7b 354bc 461)bc 57c 

Withill COlhillins. ii.Illls Ilhlowed by :c .mile Icttcr kit) not differ signiilyc.intly (i>I.(5). 
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Nutrient cycling in leguminous fodder trees 

highlands 

Evaluation of Rhizobium strains in Sesbania sesban 

)t ll.rs II . il-t' 

1)1,)un, ,1 ,t,%A, "gh.\ tII11-.It'N I V. t' ti 
sit ani t i| lnL't': \b Ii LI \ .; 1. N\ 

1 Ihl , I) ' I l lilt's'\ . i ill ll
,I I h 1 .I'ti.1 II, I I.VL tIt , I i I ,, II I, I 

7It itl l ', 1"17 t ,1, i 1i,, It.0\l1 hItlIk III I) ( ',I I[Ah l I.ll1 ,,r 
no .tI; ,,t I ,I t ,.IN II II ) ,l ,N 1tl.I I, Cili1.h t ' I.I,! t do llIIIIt' th,I 


11 k t.,tiL% lt t . 1 11 IJ
t 3,I l ii.t' Ihk 1 I1.1 ' l \ tkJ I 1 I 1.1. .th 

i Il~l it M" ' Jill ClI'. t,I,liki t"J _". 111d filVkA" I. I(h'' V . i~t CI IIIil+I,(tl 

3At11 . 33kl - h ll 11. IN -:i II 'II: h 7 I I.I A IIi'll h 

dN-11C .1kI LItuI I II IIIt 11 ,h1C INAI )I,' h llLl t'll, d l' ~~ 
,A I 1.1/, L I~ 'Il+ ll' r, itll lll IIII I"C I I,I I 11.IbLU 1 1111It'IA111 k i l , ,H 

JILt'l-h)dl i,,'l ' WI'LhIII Avf'l111hIs ,,III,'ltId Ir h 

]'Tabe.lt.lll1l N"1ll ll ' l , t 
' ) 

w(m"] NiolI ibt' 111-/,l II t iputl tli ' 


('t~ili'tii T Stili't -rlo odd1Iil at '411 "itIII 

371 It )IkII. J1t 1 .1 I I I I,'I II I II I 11 1 1 

(+ ilt+ N iii l s , lir A Iliihiltt tIIt- pot.I loi N lit Y loil 

lJ,1fIc 7111,T, i , pot N inibcp (Ing) (gl€ )I-ik t I t (~11.") 

-

.onr7l, 11141i, 1,1,i 2I7.5o., II0.1 IA I1 12.0.1 

311 -l 71 13. 11171 SO'. 10. 97j1..1 1 40J 280+ I~.' ,b 

37 1: 2-1 (,7t, 7a,1) 1. )cl I.' at1)Il.tl, 

All the"trt',lii ,, %%,r t ipp"UlllickiAvilliP i~linig, potl).N r~llc\%V.iI,l iiili 'p~lit,i e.ill. 

c 1 at %At fI -, IIc AI-I - 'sht .wtAtr%'\,c'ight A4',ttiot iilaitt-ilph -titI x, 

N1t1,,t (it, \,+%%liht (,I'lilt rt.t-1 A,,ntiflll 

im 
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Growth of ar Y biological nitrogen fixation by Sesbania goetzii 
A pot experil, intwas undertaken in the grcenhouse to investigate the efti'ect 
ofin''uating, i,t.: with khi'ijul ,undapplpig hosphorus ,ald
nitrogcni t'Crtiliscr on the plant's grovth nodutlation and iitrogcn fixationi. 

Sccds ol S. Qoet..ii .'crc sterilisCd .intd scarificd bv iunitcrsing the in 
Contcentrated sulphuric aidt for 211 ininutcs. "luc \\'-re then w.shCd several 
tInsC inI steLrlC distill. watcr betOrc being sowni in pots (15 sccds per pot) 
Cotiliing Vertisol. [hc treatinlits Illpplicd wcLc: 
S nt) trtillser or jintoulation, sm\l,nittinstcrilised soil (control) 

* 	 control pllitrted inI sterilisCd sOil 
S iiOCtil.Itcd vith hiohitium strain USI )A 3117 

* 	 fertilised \-itI 5(1kg,Pha 
S 	 iltOlttl'ted ald t'rtiliscil. 

1-ach p.t~ received 1II) kg N/ha1 as 15'Nalso the cquivalcit of 210 Or 
l.ibelled urca to dICrcrnline the proportion ofiitrogen derived froln /XIatiOil. 
Plants were thiictd to live per pot 17 days al'tcr planting antd the number of 

Itodlil o,t0l rotws conted.|hi 

htocu].ltiont Atid phosphorus application together signiticantly (P<().€ 5' 

increaCsed shoot, root and total drv-niratter viClds Alnd plant height relative to 
all othcr trcaiitcnts (Tible 36). Inoculation alone or applying phosphottus iII 
the .ibseiice oftitoc'tl],tioI hltd no)signtiicatit ctl'ct oil any of the patraictcrs.
A similar pattern was observcd iii sltoo: uitrogen yield ald the proportion of" 
itrogei derlived troutl fixation. 

'I'lics that lIck of phiF!,ortis ]illitted IOdtl]ltion Aitdresults su+,gge'st 
uitroge, fixation by tie I i.obiuM aMid re-enphlasise tile need to apply phos
phorus t rt i!sers to lcginies. 

.V.L),iindia and I. IIaqu 

Table 36. I:fi',r l iii ' M and l~hph,,I'll,qll ' ulI q I0hilit.h ,,is 1,pi 01 p',h andn,r1t) "I 
Scsb.ii .i titi Smt I",, pt/s'vu,,.Sl,ill,, F't hl. 

Notdulcs per pot Shoot Hot MNCi 
dry dry plant

I )ry weight wCiglht wiglht hiight
Treatilnet Nulber (1l1g) (g/pot) (g/pot) (Ciii) 

Controsl 	 0 i 11.23!, (1.1,521 2.521b 

Ccintrol, steril n iI 1.39b 147h,edsoil 	 (I. 3. 46b 

Rhi.,,bium (I) 4 5 t.221) 1)I n21b 2.2 1b 

I'hospiorus (P) t1 0 122b
0.26b I). 2.'1,1 

11+I 	 66 220 2.371 1).7351 11.53a 

]1.cd oil fi't pl11t' tr pol 
All ot)%rccsevd 2(1 i~ig Npot 1s Urc.I. 
W iVthillt Milt'diD 

, 
ht ,iie letter dtit ) lterIWtLhlIIIID+ 1t01lt0,%td
It\	 drl lcmty{ > p 1)
 

, 'tC I(I )un5c J.57M itlt I.11itc st 

Legume forages in crop-livestock systems 
Forage legun.e plty t itporrtauit rolc in developing ecologicallv sustainale 
and ecoonttllhcal viablc productiot svstcIns. Legunics provide hiigh-qualitv 
'CCd for livestock rid, by fixing nitrogil. also enhillnce soil fertility, boost
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ing subsequent grain crop yields. The capacity of leguies to improve soil 
'rtility and soil physical properties is particularly important in the fragile eli

vironniemits of sub-Saliaran Africa. 
IILCA has been studying three basic systems - rotations with annual or 

pereinial legunes, intercrops, and undersowing annual r differenttops -on 

soil types. The objective ot this work is to determine the technical and 
ectmomliic feasibility of these systems, and to compare their eft'icts oil soil fer
tility, crop yields and livestock production. 

Integrating herbaceous forage legumes in 
subsistence cropping systems - subhumid 
zone, Mali 

The benefits of St)'1S 1i1Jlth'S /haiatafodder banks to both livestock and crop 
production have been well denionstrated in the Nigerian subhuniid zone. 
This leguie also grew well in trials in the subhuiiid zone in Mali in 1987 and 
1988 (Il.CA AromaI Rqwrt 1988, page 104). 1lowevcr, the recommended 
cstablishmient practice for fodder banks is to apply superphosphate fI-rtiliser 
at planting, and this is too expensive IOr the average siiall friiier in Mali. A 
replicated small-ph it trial was thus conducted in 1988 anod 1989 to in vestigate 
tie possibility of reducing establishment costs by using local rock phosphate 
instead oftniportCd superphosphatc. 

Plots were 1'lrtiliscd with superphosphate ( 5(1 kg/ha) or rock phosphate 
(1511, 311( or 451 kg/ha). Control plots received no phosphorus ft~rtiliser. 
Phosphorus Ipplicationi had no significant efThct oi stylo yield over two 
years, irrespective of soturce or rate. Average dry-matter yield over the two 
years was 7.2 t/ha. 

A secoi d trial was Con~ductCd ill 1989 to investigate the effect ot'growing 
S. haiatafor two years on the yicld of a subsequent sorghuii crop. Sorghum 
fodlowing stylo yicdcd signi ficanitly (1'<().()5) more grain than sorghum tfol
lowing sorghiuiii. Applying nitrogen at up to 5(0 kg N/ha had no significait 
effect on sorghui yield, but applying 22 kg P/ha resulted in a highly signifi
cant (l<l .) )increase in sorghui grain yield (Table 37). 

tholmew,,roand \11.I r. 1.(isst 

Table 37. I.flett't t h 're aPd lphopho fc'tiicrandoli i.,'n .io 
ptre'ioto ,wopIm , W'ith hamY1.1.1Stylo%.jjthjcs ton
 

(;rain yidd

Main treaitment offts (t/ha)
 

Previous cropping 
With StyloianthrsIainata 1.56 
Without Sty'l, hamat
anIhoS 1.37
 
SE ()(05*
 

Nitrogen ipplicatiln
 
None 1.42
 
25 kg N/ha 1.51
 

kg Niha51) 1.45 
SE (.08 NS 

l1 hosphoris app liciion 
None 1.02 
22 kg P/ha l.90 
SE 0.(6*** 

* =1'<((.IiS; ** = I'<0.0(X1; N!) = notsignificant. 
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Agronomic studies on selected forage legumes 

subhumid zone, Nigeria 
Effect of grass density on the productivity of Stylosanthes 
hamata and the grain yield of a subsequent cereal crop 

Grass lay account for 80), or norc o'the toliage inl tariner-nianaged fodder 
banks. A trial was started in 1985 to investigate tile effect tlhis In ight have oni 
soil nitrogen, forage quality and crude-protein yield from fidder banks and 
tile yield of stibsequCeIt crops. Styl'sathshitita was sown at a rate of" 1 kg 
seed/ha inl 4 x 3 ill plots inJulc 1985. Eminergin.g grasses were thinned to 4), 
25, 504, 75 or 1)4% oftl plant population. The plots were kept under these 
grass/legunic lixtures for three years. They were then planted withIIlIaize 
inl 1988 (see ILC..\ Anntal R ,rt 1988, pages 98-99) and 1989. No nitrogen 
was applied to the iliaize crop ill either year. The trial was laid out inI a 
rl(Ionlised complete block dsLigl with timtur replicates. 

As in 1988, inaize yields in 1989 declined as the proportion of grass in the 
previous treatment increased (Table 38). These results re-eniphlsise the 
importale of controlling grass invasion ill todder banks. 

Table 34. lIlt, , ,icnmr i i ,th .idic. h.iiat.i
"mt111-ek ,aJ?)'i,'ld "1,' , 14 rq 1,11'ma i..I., F~,op 1,41,I d 
zotle,'. 'P-1,a 

( ;rass density Maimc-grain yield 
(kg/h,) 

5H5.i 

25 409jb 

5(4 3160b 

75 230cd 

(X) 131d 

Mc.mi fuh1owcd liy dic ,mic Icrdcr not dlfr significantIN 
(I)>1,(,5). 

Effect of frequency of defoliation on legume productivity and 
crude-protein content 

Fodder banks were initli,:!I\ imidcd to produce high-quality supplcilentary 
feed for use during the dv se.s'tn, but su1bsequent stuldies have indicated that 
they could aliso be used k-iCue iallv to provide wet-season t'ecd. A trial was 
started ini 1987 to iivcstig.tte tile ilplications ill this change for :lla1llgeliient 
ot fiodder banks.

.rhrce lCgulles that show most promi e ili the Nigerian sub'iumid vtolic 
(Stylosan thl's 1hmi..ta'. N itata an ~(Censicioa were so .n ill 1987id luSonim) 
iln 5 X 3 i plots iII a ralidoliliscd coIpletc block design with 1"Our replicates. 
Seed rate was 11)kg/ha. The plots were harvested every onie, three, six or 
nine wccks during the I'988 and 1989) wet scasons (May-Novembcr). Control 
phts were cut oiily at tile end of'each wet scason. Results ofthe 1988 trial 
we c presented ill II.(A Anuta! Rp7,rt 1988 (pages 98-99). 

Yie!d generally incre.ised is the lelgth ofthe cutting interval increased 
froln one to nine weeks (Figure 14). (:tttilng once, at the end of the wet season, 
gave the highest yield for S. apitata but ill S. hamat, iand C. pascnuin resulted 
in lower yields than cutting every nilie weeks. 
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Analysis of foliage collected from the 1988 study showed that crude
protein content declined as cutting frequency decreased. For example, S. 
hanata that was not cut until final harvest had a crude-protein content of 
10.95%, compared with 15.33% in plants cut every week. 

These results show that fodder banks used for wet-season supplemen
tation should be grazed every three to nine weeks. Delaying defoliation until 
the final harvest reduces both dry-matter and crude-protein yield. 

(;. Taraivali 

Evaluation of legumes in management systems 
fodder banks 
Fodder banks were designed primarily to promote livestock production by 
agropastoralists in the subhumid zone of Nigeria, although they are being 
adopted by small-scale livestock farmers both in Nigeria and in ncighbour
ing countries. -lowever, nitrogen builds up in the soil under fodder banks, 
which encourages invasion by nitrophilous weeds, reducing the nutritive 
value ofthe forage. This can be avoided by cropping the fodder bank period
ically. Experiments were established in 1988 to compare cropping strategies 
and determine appropriate management practices for cropping fodder banks 
(see ILCA Anual Report 1988, pages 102-104). 

Figure 14. 
ofcitini interval on the 
,y'Stylosanthes
 

nata, S. capitata and
 
Cntrosena pascuorum,
 
subliumidzoce, NPria,
.a'ay-Noill,,r 1989. 
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In 1988 maize, sorghum and soya bean were grown either alone or in 
combination inside and outside five fodder banks in the Nigerian sublhunid 
zone. Plots received one of six levels of nitrogen (0, 40, 80, 120, 160 and 200 
kg N/ha). The trial was established as a split-split plot design with each treat
ment occupying four 3-i-long ridges. In 1989 each plot was furthcr split 
into two parts. The amount of fertiliser applied in 1988 was again applied to 
one half of each plot; the other halfreceived no nitrogen. 

Results from fertilised plots were similar to those obtaiined in 1988: 
crops planted within the fodder banks produced higher grain yields than 
those sown on the natural fallow. Yields on unfertilised plots were low, and 
there was no evidence of a residual effect of the nitrogen applied in 1988. 
However, plots inside fodder banks again yielded more than those outside. 

The poor yields of the crops that received no fertiliser in 1989 eniphasise 
the need to apply some nitrogen fertiliser to all soils during each cropping 
season, although less need be applied to plots that have been under stylo. 

G. Tarawali 

Nutrient cycling in legume-based cropping systems 
on upland soils - highlands 
Nitrogen deficiency limits crop growth on most highland soils, but nitrogen 
fertilisers are expensive or not available to poor farmers. One alternative to 
applying nitrogen fertiliser is to grow legumes, which fix atmospheric nitro
gen and make it available to subsequent crops. They also provide high
quality feed for livestock. 

Studies were continued in 1989 at two highland sites to determine the 
yield of various legumes grown as intercrops and in crop rotations. 

Effect of intercropping maize with Macrotyloma axillare 
on feed output and grain yield 

In 1988 a local cultivar of maize and the legume Macrotylona axillare cv 
Archer were planted in pure stand and as intercrops (3:1) on an acid soil at 
Soddo, a mid-altitude site in Ethiopia. All plots received 50 kg P/ha as triple 
superphosphate at planting. Maize and the intercrop plots received either 0 
or 60 kg N/ha. No nitrogen was applied to pure-stand Macrotylona plots. 
Results of the first year were reported in ILCA Annual Report 1988 
(page 107). 

In 1989 the legume was harvested twice, in March and May, during the 
off seascn, and again at the end of the main cropping season. Maize was 
planted in June 1989 without any additional N application. 

Macrotylotna that had been planted in pure stand yielded significantly 
(P<0.05) more dry matter at the May harvest than did Macrotyloina that had 
been established in intercropping treatments, but overall off-season yield did 
not differ signficantly between treatments (Table 39). Macrotyloina in pure 
stand again gave the highest dry-matter yield at the end of the cropping 
season. 

Maize intercropped with Macrotylomna yielded less than half as much dry 
matter and grain as maize in pure stand, but intercropping treatments produced 
significantly more total dry matter than maize plots. The significant (P<0.05) 
reduction in maize-grain yield due to intercropping was probably due to 
competition between the maize and Macrotyloina for water and nutrients. 
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Table 39. 	 Dry-matter and grin yield qf naize and Macrotyloma axillare ct' Archer grown inpure
 
stand or intercropped on an acid soil, Soddo, Fthioplia.
 

Dry-matter yield (kg/ha) Maize-
Offseason Main cropping season grain
 

Cropping yield
 
system 9/3/89 17/5/89 Total Maize .lacrotylona Total (kg/ha)
 

Maize 	 2422 2422c 2980a 
Maize + 60 N 	 2484 2484c 3214a 
Maize: Macrotyloia 1970 2503b 4474 1173 5122ab 6296a 135 1b 
Maize: Macrotylona 1936 2223b 4141 1005 4357b 5362b 1164b 

+ 60 N
 
Alacrotylomna 1394 2960a 4354 6116a 6116ab
 

Within colunins, means fol]lowed by the same letter do not diffi..r significautly (P>0.05) 
(i),mcan's Multiple Range Test). 

The production of large amounts of high-quality feed during the dry 
season by Macrotylnia may be sufficient to offset the loss in maize-grain yield 
for farmers with mixed crop-livestock farms and encourage them to adopt 
cereal-legume iit'ercropping. The effects of growing the legume on a sub
sequent maize crop will be investigated during the 1990 cropping season. 

Effect of crops and cropping systems on feed output and 
nitrogen nutrition of maize on an upland soil 

In 1989, a field experinent was initiated at ILCA's l)ebre Zeit research 
station in the Ethiop-ian highlands to estimate the quantity and quality of feed 
produced by various crops and cropping systems and to study the nitrogen 
nutrition of maize grown after either pure cereal or intercrops. Two cultivars 
of Lablabpu'pr'ets(Rongai and Highworth) were grown either in pure stand 
or intercropped with maize. Maize and intercrop plots received either 50 kg 
N/ha or no nitrogen fertiliser. The trial was laid out in a randomised comn
plete block design with four replicates. 

Lablab tended to produce more nodules, and hence greater weight of 
nodules, in pure stand than in intercrops, but the effect was not generally sig
nificant. Highworth produced significantly (P<0.05) more nodules than 
Rongai in both pure stand and intercrops (Table 40). 

lntercropping maize with Lablab significantly (1P<0.05) reduced maize
grain yield relative to maize grown in pure stand (Table 40). Maize/Rongai 
intercrops produced significantly (P<0.05) more dry matter than maize in 
pure stand, but the yield of niaize/Highworth intercrops was not signifi
cantly different from that of maize in pure stand. 

The relative emphasis placed by farmers on grain yield versus feed pro
duction will determine whether they adopt such intercropping systems. 

I. Haque 

Network coordination 
The Animal Feed Resources Thrust is involved in the coordination of two 
collaborative networks, the African Research Network for Agricultural 
Byproducts (ARNAB) and the Pasture Network for Eastern and Southern 
Africa (PANESA). During 1989 it also collaborated with CIAT (Centro 
Internacional de Agricultura Tropical) and IEMVT (Institut d'6levage et de 
m6dcecine v6trinaire des pays tropicaux) in the establishment of a West and 
Central African Feed Resources Network. 
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Table 40. Efect (ifcr,,ppitg systems on ,,hdlation, dry-matter anid 'rai, yield ofmaizi; and Lablab 
purpureus .'rou,, in an uplandsoil, Debre Zeit, Ethiopia. 

No. of Dry wt. Maize
nodules ofnodules Dry-matter yield (kg/ha) grainCropping per 10 (g/10 yieldsystem plants plants) Maize Lablab Total (kg/ha) 

Maize 33408 408c 4214b 
Maize + 50 N 3 43475 475c 978a 
Maize: Lablab cv Rongai 30d 1.6b 2727 32686 5413b 342c 
Maize: Lablab cv Rongai 40d 1.5b 2419 3200 5619b 3067c 
+ 50 N 

Maize:l iblabcvHighworth 159ab 2.4ab 32214 1380 594c 3218c 
Maize:LablabcvHighworth 124bc 2.2ab 2134 1477 3611 c 3 003c 
+ 50N 

Lablabcv Rongai 57cd 2. 1ab 6596 6596a 
Lablabcv Highworth 2 11 a 3.2a 4043 4043c 

Within columns, means followed by the same letter do not differ significantly (P>0.05)
(Duncan's Multiple Range Test). 

Feed resources network activities 
PANESA and ARNAB play vital roles in testing the results of the Thrust's
work in various crop-livestock production systems. They arc instrumental
in training national agricultural research system (NARS) staff in forageevaluation and production and in facilitating the supply of sccd for multilocational trials. The information cxchangc links bctween ILCA and NARS are being strcngthencd through training courses, workshops, confcrences 
and network newsletters.

PANESA held a workshop on "Regional Collaborative Research Plan
ning on Sesbania Multilocational Evaluation" in Kisumu, Kenya, in August-September 1989. participants exchanged information on Sesbania evaluation,developed standardised evaluation methodologies and planned future multilocational evaluation trials. The workshop was attended by scientists fromKenya, Malawi, Rwanda, Tanzania, Uganda and Zimbabwe, and from theInternational Council for Research in Agro-Forestry, I)PRC (the Inter
national Development Research Centre, Canada), ILCA and the International Board for plant Genetic Resources. As a consequence of this workshop, 12 major screening sites, covering a wide range ofenvironnents, were
identified in Kenya, Rwanda, Tanzania, Uganda and Zimbabwe.

A joint ARNAB/PANESA training workshop covering "On-farmAnimal Feed Resources Research Methodology and Data Analysis" was held 
at Egerton University Agricultural Resources Centre, Njoro, Klnya, 6-17November 1989. It was sponsored by the IDRC Fellowship and AwardsDivision, Ottawa, Canada. The 23 participants came from Botswana,
Burundi, Ethiopia, Kenya, Malawi, Mozambique and Somalia. The objectivcs of the meeting were to develop the ability of biologists involved inanimal feed resources research and development in NARS to formulate on
farm experimental research designs and analysc stitistically data from onfarm surveys, and to familiarise NARS scientists with methods used indevelopment and transfer of technology packages in animal feed resources 
research.
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The Proceedings of the joint APNAB/IPANESA workshop on "Utili
zation of Research Results on Forage and Agricultural By-Product Materials 
as Animal Feed Resources in Africa", held in Malawi in l)ecenber 1988, 
were edited and are being printed. 

The decision to form the West and Central A'rican Feed Resources Net
work was taken at a meeting held at Avetonou, Togo, in late October-early 
November 1989. The meeting was attended by scientists from Benin, 
Cameroon, Central African Repubhic, C6te d'lvoirc, France (IEMVT), 
Ghana, Mali, Nigeria, Sierra Leone and Togo, and from the CIAT and 
ILCA. An interim Steering Committee was appointed and research protocols 
formulated for 1990. 

In order to rationalise network collaboration with NARS, the three net
works, ARNAB, PANESA and the new West and Central African Feed Re
sources Network, agreed to merge in 1990 into a single African feed resources 
network. The first general workshop of this new pan-African network will 
be held in late 1990 in either Botswana or Zimbabwe. 

B. Dzoivela and A. N. Said 

THRUST STAFF 
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Trypanotolerance Thrust
 

Tihe goal of the Trypanotolerance Thrust is to contribute to improved 
livestock production in tsetse-infested Africa by developing a better under
standing of the tactors affccti;g the performance of trypanotolerant animals 
and the effectiveness of trypanosoniasis control measures. Illpursuing this 
goal, ILCA and the International Laboratory for Research on Animal )iseases 
(ILRAI)), Nairobi, Kenya, have been collaborating with national agricul
tural research systems (NARS) ftr several years in the African Trypanotolerant 
Livestock Network. Scientists at tile various network research sites address 
aspects of trypanotolcrance research that their situations are best equipped to 
handle cost-effectively. Collaborating scientists use standardiscd approaches 
ill taking field nIasurenients, making analyses and interpreting the data. 

The Thrust's research programme is focused within regionai groups of 
sites (see ILCA A.nn,~al Report 1988, pages I11-112). Scientists at sites in 
The Gambia, at the International Trypanotolcrance Ccltre (ITC), and in 
Senegal, at the Institut sdn6galais de recherches agronomiques (ISRA), 
Kolda, concentrate ol research in nutrition, reproduction and milk cxtrac
tion. Staff at the site at the Socit6 Lie dveloppemncnt des productions 
animales (SO)EPRA) at Boundiali, C6tc d'lvoirc, focus oil interaction 
between trypanosomiasis and other diseases and on tsctse-control aspects. 
Work at sites in Gabon and Zaire concentrates oil aspects of genctics and 
animal breeding under high natural trypanosoniiasis challengc. At associated 
sites in Ethiopia and Kenya, work focuses on susceptible livestock. 

The Thrust has continued to pursue its objectives under four major 
dhemcs: trypanosomiasis epidcmiology, trypanotolcrance, genctics of 
trypanotolerance, and biological and economic evaluation of productivity 
responses to interventions. 

Trypanosomiasis epidemiology 
The objectives of research under this theme are to: 
* 	 determine the contribution that studies of the tsetse population can 

make in planning for increased livestock production by predicting
 
animal lhalth and performance
 

* 	 evaluate in the field diagnostic tests for trypanosomiasis that have been 
developed by other agcncics 

* 	 evaluate the various factors affecting susceptibility of livestock to 
trypanosomiasis. 
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Prediction of animal responses to tsetse challenge 
The potential contribution that tsetse challenge evaluation can make in 
predicting animal health and production responses to exposure to various 
levels of trypanosomiasis risk was further clarified during 1989. 

The relationship between estimates oftstse challcnge and trypanosome
prevalence in trypanotolerant and susceptible cattle was examined at five 
Network sites in Ethiopia, Gabon, Zaire (ranch and village systems) and 
C6te d'lvoire. Estimates of tsetse challenge were determined as the product
of tsetse relative densities, their trypanosonic infection rates and the pro
portions of feeds taken by them from cattle. Trypanosonic prevalence in 
both trypanotolerant and susceptible breeds of cattle was estimated from 
monthly examinations. 

Regression equations relating estimates of trypanosomc prevalence to 
tsetse challenge were fitted using an arcsine transformation of trypanosomc
prevalcncc and a log1( transformation of tsetse challenge. The relationship 
was highly significant (1<0.01) both for sites with trypaiotolcrant cattle 
and for sites with susceptible cattle. The slopes of the regression liles for the 
two groups of cattle were significantly different (P<0.05). 

Comparison of the two curves on detransformcd scales (Figure 15)
showed that, for a given level oftsetse challenge, mean trypanosome prevalence 
was at least twice as high in susceptible cattle as in trypanotolerant cattle. 
This confirms the superior ability of trypanotolerant cattle to withstand 
tsetse challenge in the field. The curves illustrate the need in tsetse-control 
campaigns for a major reduction of tsetse populations to take place before 
significant decreases in trypanosome incidence in livestock can be achieved. 

G.J. Roitans, C. d 'hteren,.1.C.Al. Trail and IWoudyale' Allatit 
C,,lla,aort,,s: St,1 1,de hi'elpemelt di's productions auliales, Cate dlv'oire; 
liternationalLaboratoryi/rResearch on Anintal Diseases, Kenya; Office galonais 
d 'alnlioratio, 't (e' prodm'tion de viahde, Galion; Co0,pagnie J. van Lancker, 
Zaire; l)ei'leop1 llent du p ro,qr'spopulahe, Zaire 

Recurrent trypanosome infections 
There have been strong indications at the Network site at Ghibe in Ethiopia
that high levels of recUrring trypanosonie infection coincided with lower 
levels of aninal productivity. 

Data have been collected at this site on the health and productivity of 
East Africat, Zebu cattle kept in village herds Under comparatively high 
tsetse challenge. It was found that many animals were repeatedly being 
detected parasitaemic despite- their having been treated with trypanocidal 
drugs. This, together with the fact that overall trypanosoine prevalence was 
increasing and appeared to be higher than might be predicted from the level 
of tsetse challenge, suggested that trypanocidal treatment was becoming less 
effective. In order to understand these infection patterns better, a practical 
approach was developed for distinguishing between new and recurrent 
infections when it is possible to take only one sample per month. 

Mean monthly trypanosome prevalence between January 1988 andJunc 
1989 was 36.5% in cattle over 32 months old, with Trypanosoma con,olese 
the predominant species (30.7%). Among animals that were both free of 
trypanosonies and had a packed cell volume of greater than 26% in each of 
the previous three months, T. con olense prevalence was 14. Mo. This valuc 
was taken as a measure of the "new infection" rate and the diffcrencc between 
it and 30.7% as an indication of the high level of recurrent infection. 
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Tsetse challenge 

t c ciihlllCigCis estcm.ii ed ,ie product n 'tsctse rclative d isity, inifection rites in the flies 
,111d mical takei by the flies lrom cattle. 

These results point to the possible existence of drug resistance among 
certain stocks of TF.imngoh'nse in these herds. Consequently, several field iso
lates have been obtained fOr testing. The restlts also show that additional 
measures are needed to reduce overall levels of trypanosomiasis; a tsetse
control campaign is theretore being mounted using insecticide-impregnated 
screens. Subsequent monitoring of trypanosomie prevalence and animal 
health an1d productivity will allow the benefits of the campaign to be assessed 
alongside alternative chemotherapy regimes. 

GJ. Rmwlad,. G. d'h'tcren,1. C. l. Trailand I "oudyah'',AI lati 

Co/l/lma,1ator: Inful tatianaIal Inmuatory.1Or Research on Animal Diseases, Kenya 

Trypanotolerance 
Research u,nder this theme aims at: 
* 	 quanitfying the health and productivity oftrypanotolerant and susceptible 

livestock under various conditions and evaluating differences between 
breeds in their trypanotoler.mce and associated performance 

* 	 estimating the effects on the frequency and severity of trypanosome 
infection of possible interactions between trypanosome infections and 
other major diseases 

* 	 deftining criteria for trypanotolerance and evaluating the relationships 
between these criteria and production traits. 

Figure 15. 
Predictedrelationships 
b)etweet tsetve challengeand 
trypanosoate pre,,alencein 
susceptibh and trypatiotoleran: 
breeds !feattle. 
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Effect of components of trypanotolerance 
on cattle productivity 

The ability to control the development of anaemia has a major effect on 
N'Dama reproductive performance, calf growth and cow productivity, as 
demonstrated at Mushic Ranch, Zaire. A total of 146 calving-interval records 
were built up from 64 N'Dama cows maintained for 3.5 years tnder high 
natural tsctse challenge. Matching health and performance data wcrc 
recorded monthly to allow simultaneous evaluation of the effects on repro
ductive performance, calf weaning weight and cow productivity of various 
criteria of trypanotolerance, ic,time detected parasitacmic, parasitacmia 
score and packed cell volumiie (PCV). 

Control of developnient of anaemia, measured by the maintenance ofa 
higher average PCV during trypanosome infection, had a major effect on all 
three performance traits (Table 41). 

The rcpeatabilities of the various traits, measured between successive 
calving intervals, set tipper limits to their degrees of genetic determination 
and heritabilities. The repeatability of PCV value was reasonably high (0.33) 
and almost equal to that of calf weaning weight (0.35). Thus, the ability to 
control development of anacmia, as indicated by PCV, might well be the 
most reliable criterion of trypanotolcrance with which to identify animals 
with a greater degree of trypanotolerance. 

Simultaneous evaluation of the relative effects on calf performance of 
control of development of anaemia in both the prc-wcaner calf and its dam 
indicated that its measurement in an animal might be feasible at an early stage 
after weaning. This study has also clearly indicated that investigations into 
the practicality of field tests for trypanotoler:ncc should initially focus on: 
* 	 use ofpost-weancrs, maintained for varying lengths of time in as high a 

natural challenge as possible, with evaluation of the effects of different 
trypanosome species 

Table 41. Inlluen' criteria oncalving interval, calfweaing 'eight andf ,,arious !ftrypa ,toheranc' 

co'productivity, Alushie Ranch, Zaire, 1989.
 

Decrease in Increase in Increase in 
calving calfweaning cow 
interval weight productivity' 

Criterion 	 days % kg % kg % 

Low versus high time 68 14.2 2.8 2.1 17.1 15.5
 
detected parasitaemic
 

Low versus high parasitaemia 20 4.1 3.2 2.4 5.6 5.2
 
score (within high time
 
detected parasitaemic)
 

High versus low PCV 27 6.3 7.8 5.8 12.6 10.4
 
(within low time detected
 
parasitaemic)
 

High versus low PCV (within 59 11.5 12.2 9.4 23.7 24.1
 
high time parasitaemic)
 

Weight of eight-month-old weaned calf produced per cow per year. 

PCV 	= Packed cell volume 
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* 	 confirming that control of anaemia development is the most important
 
practical criterion indicating trypanotolerance and evaluating different
 
measures of this, eg, average PCV throughout a test, average PCV only
 
when detected as parasitaemic, lowest PCV reached
 

" 	 measuring the degre( of genetic determination in criteria for trypano
tolerance, their heritabilities and genetic correlations with production
 
aspects, and/or the possibilities of detection of marker genes.
 

G. d'leteren andJ.C.M Trail 

Collaborator: CompagnieJ. vaniLaucker, Zaire 

A field test for trypanotolerance in young 
N'Dama cattle 

A field test for trypanotolerance was evaluated using three groups of one
year-old N'Dama cattle (436 in total) maintained for 12, 18 or 24 weeks 
under medium natural tsetse-trypanosome challenge at a ranch belonging to 
the Office gabonais d'anilioration et de production de viande (OGAPROV), 
Gabon. Matching health and performance data were recorded on 4, 10 and 
13 occasions, respectively, to allow simultaneous evaluation of the effect of 
various criteria of trypanotolerance on animal performance. Trypanosome 
prevalence was 25, 31 and 9%, respectively, during the three tests. 

Ability to control the development ofanaemia had a much greater effect 
on daily weight gain than ability to control parasitaemia, while previous 
exposure to trypanosome infection had no effect (Table 42). 

Table 42. E.l c'rs o1parasitaetia control, anaemia cotirol andprevios expobare M1daily we(tqht gain,
OGAJRO I'Ranch, Gabon, 1989. 

Previous
 
Exposure to Parasitaenia Anaemia exposure2
 
trypano- control' control'
 
somiasis Past No past
 
risk High Low High Low para- para
(weeks) Statistic score score PCV PCV sitaemia sitaemia
 

12 	 No. ofanimals 57 57 58 56 62 117
 
Growth (g/day) 248 273 283 238 238 290
 
SE 23.5 23.9 21.9 20.6 11.6 8.9 

18 	 No. ofanimals 51 51 46 56 62 54
 
Growth (g/day) 97 106 135 68 109 126
 
SE 14.4 11.0 27.2 26.3 7.8 8.3
 

24 	 No. ofanimals 27 49 40 36 51 90
 
Growth (g/day) 81 89 111 59 106 114
 
SE 15.6 19.5 21.1 32.0 8.3 6.8
 

Overall 	 No. ofanirnals 135 157 144 148 175 261
 
Growth (g/day) 142 156 176 122 167 177
 
SE 19.0 19.1 23.2 25.9 8.3 8.1
 

Mean difference in growth (Yo) + 10 +44 -5 

Constructed from least squares means for classes nested within all periods when detected as 
parasitaemic. 

2 Least squares means. 

PCV 	= Packed cell volume. 
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Three separate measures of anaemia control were compared: average 
PCV over the test period, lowest PCV reached, and average PCV when the 
animal was detected as parasitaemic. The first two measures were more 
closely associated with animal performance than the last, and both could 
serve as indices of the control of development of anaemia. For detecting 
major differences in anaemia control, the minimum test period for an animal 
to be detected as parasitaemic was shown to be about six weeks. Thus, in 
practice, a suitable test would be to effect natural infection as early as possible 
and measure PCV over six weeks of detected parasitaemia. If satisfactory 
correlation could be obtained between the effects of natural infection and 
those ofartificial infection, a practical test would be even more feasible. 

G. d'Ieteren andJ.C.M. Trail 
Collaborator:Office gabonaisd'artiliorationet de production de viande, Gabon 

Effect of trypanosome infection on N'Dama 
reproduction 
Important results were obtained in 1989 in the evaluation of the effects of 
trypanosome infection on reproduction. A detailed study was carried out ol 
five herds of N'Dama cows at OGAPROV Ranch, Gabon, in which half the 
cows in each herd were treated prophylactically with Samorin before the 
breeding season and the other half were not. Two breeding seasons, 
December 1986 to March 1987 and December 1987 to February 1988, were 
followed. Monthly trypanosome prevalence over the two seasons was 8.6% 
in the untreated group. 

Neither treatment nor parasitaenia in untreated animals affected calving 
rate in cows that were dry during the breeding season but among lactating 
cows the average calving rate was lower in untreated animals than in treated 
animals (Table 43). When a linear model using the logit function appropriate 
for the analysis of binomial data was fitted with parameters for treatment, 
month ofcalving, year, herd and age, this difference was shown to be signifi
cant (P<0.01) with fitted values of 0.50 and 0.66, respectively. The dif
ference was brought about by the low calving rate of 0.29 in 68 untreated 
animals which became parasitaemic during the breeding season. Thirty
eight of these animals were treated with Berenil because PCV was below 
25% and the calving rate in these cows (0. 13) was even lower. These results 
demonstrate how trypanosomiasis can impair fertility of cows when stressed 
by lactation, particularly those failing to maintain control ofdevelopment of 
anaemia in response to trypanosome infection. 

G. d'Ieteren, G.J. Rowlands andJ.C.M. Trail 
Collaborator:Office gabonaisd'anuliorationet deproduction de viande, Gabon 

Table 43. 	 Effea ofSamorin tro'atnent on calving rate inN'Dania 
rows, OGAPROVRanch, Gabon, 1989. 

Cow status Treated Not treated 
during the 
breeding No. of Percent No. of Percent 
season cows calving cows calving 

Dry 93 86 114 91 
Lactating 267 64 255 52 
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Genetics of trypanotolerance 
The objectives of this thlemc arc to: 
o 	 define selection criteria for trypanotolerancc and estimate phenotypic
 

and genetic variances of, and covariances between, trypanotolerance
 
and health and production traits
 

* 	 test for possible relationships between polymorphic systems of bovine
 
lymphocyte antigens, such as the major histocompatibility complex
 
(MHC), and performance
 

* 	 evaluate and use blood-typing procedures to identify half-sib groups in
 
N'l)ama cattle from known dams but with unknown sires.
 

Genetic aspects of control of anaemia development 

Genetic parameters of mcasures of control ofanaemia were evaluated for the 
first time in field tests in 1989. A total of 148 one-year-old N'Dama cattle, 
progeny of 29 sires, were exposed for 92 days to a medium level of natural 
tsetse-trypanosoine challenge at OGAPROV Ranch, Gabon. Matching 
health and performance data were recorded on II occasions. Average PCV 
and lowest PCV reached during the period wcre evaluated as measurcs of 
ability to control the development of ancmia. Attempts were made to 
systematically control other possible causes ofanacmia. 

hiIainials detected as parasitacnic, those with abovc-average average 
PCV values or above-average lowest PCV reached had 34 and 35%,respect
ively, higher weight gains than those with below-avcrage values. Even 
when not detected as parasitacmic, those with above-average average PCV 
or above-average lowest PCV reached had 14 and 12%, respectively, higher 
gain indicating that some of these animals actually were parasitaemic. 

The hcritabilitics of, and genetic and phenotypic correlations between, 
growth, average PCV and lowest PCV reached on test are shown in Table 44. 

Table 44. Uteritahpilities /*,andidgenetic and phenotyptic correlationsbetween, grou,th, averagepacked cell
 
tieme (PC I') and lonest PC I"readiced on test.
 

Average Lowest 
Growth PCV PCV reached 

Parasitaemia detection and parasitaemia score not included in analysis 

Growth 0.22 ± 0.28 0.41 ± 0.73 -0.13 ± 0.74 
Average PCV 0.35 0.35 ± 0.30 0.96 ± 0.20 
Lowest PCV reached 0.29 0.72 0.48 ± 0.31 

Parasitaemia detection included in analysis 
Growth 0.38±0.30 0.71 ±0.42 0.28±0.55 
Average PCV 0.32 0.63 ± 0.33 0.99 ± 0.17 
Lowest PCV reached 0.25 0.66 0.51 ± 0.32 

Parasitaemiadetection and parasitaemia score included in analysis 
Growth 0.39±0.31 0.70±0.42 0.28±0.55 
Average PCV 0.32 0.64 ± 0.33 1.00 ± 0.17 
Lowest PCV reached 0.25 0.67 0.50 ± 0.32 

± SE.
 
Heritability is the value on the diagonal.
 

Genetic correlation is the value above the diagonal.
 
Phenotypic correlation is the value below the diagonal.
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The heritability of body weight at the start of the test, when animals were approximately 50 weeks old, was 0.49 (SF 0.32). This is within thenormally reported range for this trait, while the large standard error may be a reflection of the small number ofprogeny per sire. When all environmental
and parasitaemia information was taken into account, the heritability ofgrowth over the test period was 0.39 (SE 0.31), again within the expected 
range for growth over a three-month period.

The heritabilities of both PCV measures were higher than the corre
sponding heritability of growth in all analyses and were 0.64 (SE 0.33) and0.50 (SE 0.32) when all environmental and parasitaemia information was 
used. 

When all environmental and parasitaemia information was taken intoaccount, the genetic correlation between average PCV and growth was 0.70(SE 0.42) and between lowest PCV reached and growth, 0.28 (SE 0.55).
These values, coupled with the higher heritabilities of the PCV measures,indicate some possibility of selection on PCV values for control of anaemia 
development.

Both heritability and genetic correlation values increased when
parasitaemia information was included in the analysis, although parasitaemia
was detected in only 28% of the animals. More sensitive field tests beingdeveloped for trypanosome detection will allow more accurate classification
of parasitaemia status, which should in turn firther raise the heritability
estimates ofPCV measures and their genetic correlations with performance.

If all animals could become parasitaeniic during a test, either throughvery high natural infection or through an acceptable artificial alternative, theheritability estimates of PCV measures could be higher still. This would
allow the test period to be reduced to the minimum time needed to accuratelyevaluate the PCV values of the animals when parasitaenic, which wouldallow the economic impact of the deleterious effects of trypanosonie infection 
on animal performance to be ninimised. Over a shortened test period PCVvalues can be measured much more accurately than can animal performance.
Thus selection on the most appropriate PCV measure could well allow rapidprogress to be made in genetic improvement of trypanotolerant N'Dama 
cattle. 

J. C.M. Trailand G. d'Ieteren 
Collaborator:Office gabonaisd'amiliorationet de production de viande, Gabon 

Biological and economic evaluation 
of productivity responses to interventions 

The Thrust is putting emphasis on developing practical packages for farmers 
to use, and studies in 1989 included: 
" the use of insecticide-impregnated traps and screens for tsetse control
* the effect on cattle health and production of using trypanocidal drugs* the efficacy of nutritional supplementation for improving the health and

productivity oftrypanotolerant cattle under trypanosoiniasis risk* the introduction of N'Dama cattle under a village netay,'qe system
* preparations for pilot selection programmes based on criteria of 

trypanotolerance. 
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Effects of cypermethrin-impregnated tsetse traps 
on challenge and trypanosome prevalence 
A tsetse-control programme was started in early 1988 in the Boundiali area 
ofnorthern C6te d'Ivoirc. The progranm cuses cypermethrin-impregnated 
biconical tsetse traps sited along the Bagouc river, a tributary of the Niger 
flowing northwards through loundiali District. Because of heavy rains, 
traps have to be removed each year during the rainy scason. The second 
tsetse-control cycle followed at the beginning of 1989 and on this occasion 
all animals were treated with Berenil in April. Tsetse challenge (Glossina 
palpalisand G. tachitnoidcs) fell dramatically during 1987 and early 1988 in the 
area where the tsetse-control programme was implemented (Figure 16). In 
contrast, there were no changes of any significance in tsetse challenge in the 
adjacent "uncontrolled" area. 

In controlled Outside 
Tsetse challenge area controlled area 
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Tsetse challen ge is estimated s the product ofttsetserelative density, in fcction rates in the flies 
and ictl as taIken by the flies from cattle. 

Average monthly trypanosome prevalences in 10 herds of cattle and 
seven sheep flocks in the "controlled" area declined from mid-1987 (Figure 
17); mean prevalences in 1989 were about one quarter of those in 1987. 
However, similar reductions also occurred in cattle herds and shecp flocks in 
the "uncontrolled" area. The decline in trypanosome prevalence in animals 
in the "uncontrolled" area may have been due, in part, to the close proximity 
of some of the herds and flocks to the border of the "controlled" area. 

Figure 16. 
Tsetse chalhangein
"cottrolled" and 
"uncontrolled" areas, 
Boundialiarea, CUte 
d'Ivoire, 1987-89. 
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Figure 17. 
Trypansonieprevalence in 

shieep andcaaiih in Ciwntrt0led' 
andi ncotntrilled" areas, 
Boundialiarea, C6te d'hvoire, 
1987- 89. 
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In 1990 tsetse traps will be used in both areas and monitoring of herds 
and flocks will continue. Data on other animal health and productivity
parameters have also been collected and these will be used to evaluate the 
benefits of tsetse control on animal health and productivity. 

G. d h'tert'n, P. Itt,, G.J. Roivlands andj.C.Al. Trail 
Collorators.S ocit de delhppement des productionsaninah's, Cte d'h,oirt; 
Iternational Laborator).1*r Rescarch on Anitnal Diseases, Kenya 

Economic evaluation of the introduction of N'Dama 
cattle in Idiofa region, Zaire 
A study was conducted in 1989 of the economics of introducing N'Dama 
cattle for beef production in Idiofa region, central Zaire. This is the first
study of its kind based on complete economic data and recorded productivity.
It provides first-hand information on the economic feasibility of introducing
trypanotolerant cattle into village systems in tsetse-affected areas where 
cattle husbandry has not been practised in the past. Herd structures and mean
productivity values were derived for 18 l:erds monitored fromJanuary 1986 
to December 1989. Economic data were obtained in May 1989. 

The study used cost-benefit analysis involving a herd simulation model 
to take into account the dynamics of livestock production. A society-level
economic analysis was performed and profitability was looked at from the 
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point of view of the society as a whole and not strictly from the point of view 
of individual cattle producers. The analysis used shadow priLes, obtained by 
deducting taxes and subsidies from market prices, and opportunity costs (the 
values of goods, services or capital in their best alternative use) when appro
priate. An individual-level financial analysis was also carried out to comp
lement the society-level economic analysis. 

The society-level economic analysis showed an overall net benefit 
investmcnt ratio of 1. 11, using a 10% discount rate, and an internal rate of 
return of 11.7%. The individual-level financial analysis revealed a net benefit 
investment ratio ofl.22 and an internal rate of return of 13.4%. In both cases 
the returns were positive but not outstanding 

The study shows that in spite of reasonable cattle productivity and low 
inputs the economic and financial returns were limited. Two factors that 
contributed to this were, first, the relatively higher costs of purchase of 
breeding aninials brought about by the shortage of cattle available for purchase 
in the Idiofa region and, second, the high costs of beef relative to the purchasing 
power of the local population. Nevertheless, the case study provides clear 
indications of the economic feasibility of introducing trypanotolerant cattle 
in villages where cattle husbandry has not been practised in the past. 

G. d'hateren, P. Itty, G.J. Rowvlands,J.C.A. Trailand F. van Winckel
 

Collaborator: Dveloppement du progr~s populaire, Zaire
 

Collaboration with national agricultural 
research systems 
Thirteen professional staff in NARS were closely involved in research 
activities of the Trypanotolerance Thrus: in 1989. Twenty-four papers based 
on Thrust research were published, submitted for publication or presented at 
scientific meetings during the year. Of the 67 anthors of these publications, 
30 were from NARS, 19 were from ILCA, and 18 were from other inter
national organisations in Africa or overseas. 

Network meeting 
The biennial meeting of the African Trypanotolerant Livestock Network 
was held in Mombasa and Nairobi, Kenya, from 10 to 21 April 1989. 
Network scientists reviewed progress in their research and modified or 
redesigned some of their protocols. New projects were planned. In addition, 
scientists from C6te d'voire, Ethiopia, Gabon, The Gambia and Zaire 
presented key results from their research at sessions of the 20th meeting of 
the Organization of African Unity's International Scientific Council for 
Trypanosomiasis Research and Control (OAU-ISCTRC), held at the same 
time in Mombasa. 

The Network maintains good links with the OAU-ISCTRC and uses 
its biennial meeting, one of the most important gatherings of scientists 
involved in all aspects of research on trypanosoniasis, as a forum for major 
exchange of results and ideas, and to reach representatives of all the African 
countries and regional and international organisations concerned by or 
working on trypanosomniasis. 
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Training
 
Individual training was provided in Nairobi to six scientists from research 
sites in C6te d'lvoire, Ethiopia, Gabon and Zaire on focused aspects of 
Network protocols and on data handling and analysis procedures. 

Scientists at Network sites in Ethiopia, The Gambia and Zaire provided
training to nationals from their own or neighbouring countries, adding a 
new dimension to Network training activities and allowing a better penetration 
of research findings into national agricultural systems. 

THRUST STAF* 

J C M Trail, Thrust Coordinator 
K Agyemang, Animal Scientist 
G d'Ieteren, African TrypanotolerantLivestock Network Coordinator 
P Itty, AgriculturalEconomist (FAOAssociate Specialist) 
1D A Little, Animal Nutritionist 
S Nagda, SeniorBiological DataAnalyst 
A N Ouattara, Assistant to the Netuork Coordinator 
J M Raricya, BiologicalData Analyst 
G J Rowlands, Animal Scientist* 
F van Winckel, Agronomist (assiqned to ILCA by AGCD (Administration

g~Mtralde la coopirationau developpetment), Belgium) 
Woudyalew Mulatu, Veterinarian 

* JoinedILCA in1989 
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Livestock Policy and Resource Use Thrust
 

Farmers will not adopt new technologies unless this is favoured by satisfac
tory government policies and natural resources are being used efficiently and 
sustainably. The Livestock Policy and Resource Use Thrust aims at assisting 
the efforts of governments to make improvements in these areas. In 1989 
about 26% of the Thrust's funds were devoted to policy work and 74% to 
resource use. 

Policy research 
ILCA carries out research on a few key issues at a time tnder the Policy 
Research theme. Subjects chosen are those where the relationship between 
policy instruments and objectives is obscure and where ILCA has some com
parative advantage over other organisations in carrying out the research, for 
example in cases where intercountry comparisons can be made. In 1989 
work continued on the impact of pricing policies and on the relationship be
tween land tent re and technology adoption. However, the lalld-telure 
study took on a new orientation with the start of collaborative work on land 
tenure and trees in West Africa with the Land Tenure Center of the Univer
sity of Wisconsin, USA, which will in turn lead to collaboration with several 
other researchers in West Africa. 

Impact of livestock pricing policies on meat and milk 
output in selected countries in sub-Saharan Africa 
Livestock pricing policies in countries ofsub-Saharan Africa are important in 
three main respects. First, lnany of the rural people in these countries derive 
their livelihood from livestock production and their incomes are directly re
lated to the prices they obtain for the commodities they produce. Second, 
prices represent a cost to consumers who spend an important part of their in
come on livestock products. Third, livestock pricing policies are important 
to governments because of their implications on producer incentives, and oi 
government revenue and expenditure. Because of these different and con
tradictory functions of prices, most governments arc unwilling to leave thc 
determination of prices to market forces and instead try to control the effects 
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of prices through a variety of institutiolal interventions. The objectives of 

Figure 18. 
Comparison,f nominal 
protectioneoefficients ) 
for beef at tficial and adjusted 
exchange rates, Nigeria,19"3-86. 

this study were to: 
* 	 compare the objectives and instruments of livestock pricing policies in 

selected countries in sub-Saharan Africa 
" 	 estimate the effects of direct and indirect interventions on producer 

price incentives, livestock output and consumer weltare. 
Data collected on market and official prices from the study countries 

during 1988 were supplemented with statistics from a wide range of primary 
and secondary published materials for the analytic part of the study. 

A report in ILCA Annual Report 1988 (pages 125-126) presented non
inal protection coefficients (NPCs) for beef for the period 1973-86. These 
NPCs, which are a measure of the incentives provided by government 
pricing policies, were estimated using official exchange rates. Because it is 
widely known that many countries maintained overvalued exchange rates 
during this period, the NPC for Nigeria was re-estimated in 1989 using an 
adjusted exchange rate to show the effect of currency overvaluation on pro
ducer price incentive. 

The extent of overvaluation of the exchange rate was estimated using 
the differential inflation rate between domestic prices (approximated by the 
consumer price index) and foreign prices (based on the consumer price index 
of industrialised countries). Tile year Nigeria's currency was changed from 
the pound to the naira, 1973, was used as the base year. 

The NPC based on the official exchange rate indicated that beef pro
ducers were protected, ie, subsidised, from 1975 onwards, whereas the NPC 
estimated using the adjusted exchange rate indicated that producers were ni
plicitly taxed between 1979 and 1985 as a result of th2 overvaluation of the 
currency during this period (Figure 18). 

Another indication of price incentives is the ratio of the price of a live
stock product to that ofanother domestic product, such as millet or sorghum, 
for which the livestock product can be easily exchanged. This avoids the 
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problems of exchange rate conversion. Between 1975 and 1985, animal
 
product prices in Nigeria declined by about 50)% relative to the price of millet
 
(Table 45). The devaluation of the naira following the introduction of the
 
Structural Adjustment Programme (SAP) in September 1986, which served
 
to raise the domestic prices of tradable goods such as livestock products, has
 
reversed their price decline relative to non-tradablcs which in the Nigerian
 
case include millet.
 

Table 45. Ihvi,,-'s ,,fi mution and ptpes'i i'bedt, ltr1,11"a 
rIdail,11 to millet, . iria, 1975- 86". 

lccf/ Mutton/ Poultry/
 
Year millet millet millet
 

1975 lM) M(II(X) W 

1976 111 100 98 

1977 89 94 90 

1978 66 67 72 

1979 56 57 55 

1981) 79 83 79 

1981 48 53 53 

1982 45 47 56 

1983 56 63 66 

1984 38 4)) 41 

1985 42 53 52 

1980 88 93 87 

1975 = 1011. 

Yhc issue of price incentives was also examnincd, albeit inl a slightly dif
ferent way, 'orproducers in CC te dlvoirc and Mali. The undcrlying causes 
of annual changes in the NPCs estimated 1'(r producers in these countries 
were examined, in con luction with trends in real price changes, to illustrate 
the pattern of changing price inceitives tor muLItton and milk producers. In 
this case, the NPCs used for the analysis were not adjusted Ior ovcrvaluation 
otthe exchange rate in order to show more clearly the effects of tactors other 
than the exchange rate onl price incentives. 

Figure 19 shows the N PC for mutton in C6te d'lvoire. The NPC tll 
below 1.0)between 1972 and 1975, but was above 1.0 from 1976 until 1986. 
Thus there was a move away from taxation towards protection of mutton 
produccrs durimg this period. )ecomposition of the annual change in NPC 
indicated that changes in nominal producer prices generally helped raise the 
NPC. Rising international prices lowered the NPC between 1971 and 1973 
and between 1979 and 1980 . The tIl in NPC between 1981 and 1982 and 
between 1983 and i 984 was primarily as a result of nominal devaluations inl 
the CFA franc. 

In the case of milk in Mali, the decoipc.sition of the N "PCshows that 
nominal producer prices remained unchanged between 1971 and 1972 and 
between 1973 and 1975, with the result that changes in NPC in those years 
were entirely due to changes in the exchange rate and international prices 
(Figure 20). The changes in the latter two variables were quite small and con
sequently the changes in NPC were also small. A large increase in nominal 
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Figure 19. 
Anihal chaqqes in price 

nitcenfies i~nt) preducer;?tw 
in C6te d'Ioire, 1970-86. 
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producer price between 1983 and 1984 helped to raise the NPC above the 
NPC values of the early 1970s. There was also an upward trend in the real 
producer price around this period (Figure 20). 

The results presented here show that there were wide variations be
tween countries in the extent to which producers were taxed or subsidised 
over the period considered. The results also indicate that the scope for 
governments to increase incentives to livestock producers depends on 
several factors, including policies affecting nominal producer prices, macro
economic policies influencing the rate of inflation, as well as the exchange 
rate and internitional prices. Governments can directly influence the first 
three factors, but !Lssso international prices. 
T.O. Williams 

Land tenure and trees in West Africa 
ILCA started on-farm trials with alley farming in Nigeria in the early 1980s. 
Land- and tree-tenure systems were found to have a large influence on who 
participated in the trials and on what parcels of land they planted alley farms. 
Research into the relationship between tenure and alley farming in the humid 
zone of West Africa was started in 1989 with a review of literature to outline 
the salient features of land- and tree-tenure systems in the zone. 

West African tenure systems treat land and trees as separate entities. 
Individual members of households often farm discrete parcels of land but 
control over the allocation of land parcels ordinarily rests in the hands of a 
larger corporate group or its representative, usually based on lineage. This 
may be ofmatrilineal, patrilineal or double-descent types. Women are rarely
allocators of land rights; cven their right to use land generally comes through 
men, either from ahusband as a part of his holdings or from other male family
members. Group rights to and control over land allocation rarely belong to 
groups iarger than the village, where descent isdirect and demonstrable. At 
a lower level, the head of a family, be it extended or nuclear, allocates land
use rights to members of his immediate family who will actually work the 
land. The right to allocate pasture may reside at a higher level than that for 
farmland. 

With population pressure increasing, the amount of land under higher
level lineage control is diminishing and land is being loaned, pledged, rented 
and sold, although such transactions may not have the sanction of law. 
Farmers using land Under a temporary arrangement are prohibited from 
making long-term investments such as planting trees. Under the system of 
fallow rotation practised in West Africa, aland user may not get access to the 
same plot ofland at the end of each rotation. Even ifan individual is accorded 
long-term use rights for farming, the land often reverts to communal 
grazing after the crop is harvestcd. 

Rights over trees may be held separately from rights over the land they 
grow on, and may depend on whether the trees were planted or self-sown,
who planted and owns them (state, group, individual, male, female), what 
species they arc, what spatial planting arrangements arc used, how they are 
used (subsistence, commercial), the form in which they are used (gathered, 
cut, harvested, standing), how they are disposed of (destroyed, lent, leased, 
pledged, sold, given away) and under what tenure system the land is held 
(inherited, purchased, rented, pledged, share-cropped, leased). When all 
these aspects are combined, some trec-tenure rights will appear to be partial
and overlapping, thus creating problems for long-term investment in tree 
planting. 
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Contrary to conventional wisdom, West African women may possess 
resources (land, animals, (rees) and responsibilities distinct from those of 
mIe, and they face diffcrent constraints ol their resource management 
choices. Women's rights to trees tend to derive from their Spouse, their 
position in the lineage or both. Thus women's control over the components 
and products of trees as well as responsibilities with respect to trees may be 
subject to rules different from those for men. Some, such as the prohibition 
on womet, planting trees, may act as a barrier to fodder-tree planting. 

Following on from this review, research will examine issues related to 
security of land and tree tenure, the balance ofrights between the lineage and 
the farmer, long-term use rights ofpeople who do not belong to the lineage, 
limitations on tree planting in various tenancy arrangements, the role of 
overlying commuinity use rights in farmland, differences between men and 
women in their rights to land and trees, and state regulation on tree use. 

I.. R~''wohs ,,td A!I A. Jalba~r 

Colhlborator:Land Tenure Ccnter, nIniversit)y qf 1iscansin, USA 

Range trends 
There is still considerablc ignorance about the direction and magnitude of 
trends in the productivity of rangeland resources or about tile causes of these 
trends. This ignorance is a major cause of the poor performance of range 
development projects and the unsatisfactory adoption of technology tried in 
them. The task of the Range Trends theme is to alleviate this ignorance by 
helping national agricultural research systems (NARS) to establish suitable 
range monitoring systems; by developing techniques suitable for such 
monitoring; and by studying some of the key mechanisms that determine 
whether, after periods of environmental stress, the productivity of range 
production systems recover:; to previous levels or collapses to much lower 
ones. This task is to be accomplishcd by a combination of networking 
activities, training and research by ILCA, either alone or in conjunction with 
other organisatiolls. 

Sahelian rangeland monitoring network 
In February 1989 a workshop was held at Niamey, Niger, to discuss issues 
related to the monitoring of rangeland resources in the Sahel. The workshop 
was convened by ILCA and AGRHYMET, the regional programme and 
centre set up by the Sahelian states to deal with agrometcorology and hy
drology issues, and was attended by representatives of all the Sahelian 
countries (Burkina Faso, Cape Verde, Chad, The Gambia, Guinea Bissau, 
Mali, Mauritania, Niger and Senegal) and various international and regional 
organisations, including FAO (Food and Agriculture Organization of the 
United Nations), UNEP (United Nations Environment Programme), 
IUCN (International Union for the Conservation of Nature and Natural 
Resource-), UNSO (United Nations Sudano-Sahelian Office) and CILSS 
(Permanent interstate committee for drought control ill the Sahel). Several 
researchers from African and First World (Australia, France, UK, USA) 
universities and research organisations also attended. At the final session of 
the workshop, participants agreed to establish a Sahelian rangelands 
(pastoral) monitoring network. They appointed a provisional steering 
committee which met, formulated a work programme and prepared proposals 
for funding. 

P. Hiernamxand L. Diana 



Figure 21. 

Domestic ruminant livestock
populations in Isiolo District, 

northern Kenya, as estimated 
by aerial survey, 1970-89. 

Resource services 
Livestock research and development programmes in Africa are unlikely 
to succeed unless they have reliable, up-to-date information on livestock 
numbers, land use and the environment. Yet such data can be difficult and 
expensive to obtain and data collection and analysis take a great deal of time. 
Low-level aerial sample surveys can help overcome these problems by pro
viding reasonably reliable data when they are needed and at moderate cost, 
particularly in the drier, more open and less populated areas where most of 
Africa's livestock are found. 

Over the past decade ILCA has built up the equipment and skills to carry 
out such surveys, and has a specialist unit, the Resource Survey Unit, to do 
this kind of work. It can provide a complete aerial survey and analysis facility 
to research and development organisations or it can provide parts of the fa
cility, eg, a survey plane and pilot, if the organisation prefers to do some of 
the tasks with its own resources but cannot provide the complete package. 

In 1989 ILCA provided the plane and pilot for two surveys carried out 
by Resource Inventory and Management, one in Mali and one in Nigeria, 
and subsequently carried out three complete aerial surveys, in May,July and 
September, on 35 000 km 2 of rangelands east of Isiolo in northern Kenya. 

The Isiolo surveys are of particular interest since the area has been the 
subject of repeated aerial surveys to estimate livestock populations since 
1970. Each survey used sampling but differed slightly in its other techniques. 
There were also minor differences in the size of the area surveyed. The area 
surveyed by ILCA in 1989 was about 5% smaller than that surveyed by 
others in previous years; except in the case of cattle, when ILCA's figures 
may understate the larger area's population by about 25%, the populations 
from the different years and surveys can be directly compared. 
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Surveyors were Resource Management and Research (1970 and 1973), Kenya Rangelands
 
Ecological Monitoring Unit (1977, 1978, 1985 and 1988) and ILCA (1989).
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Figure 	21 summarises the results of these surveys. They provide an 
excellent quantitative foundation to what is known qualitatively about the 
impact of civil strife (the "Shifta" war of the 1960s), drought and seasonal 
transhunmance and more permanent migration by various ethnic groups in 
this pastoral area. Neither the quantitative nor the qualitative information is 
sufficient without the other. Figure 22 shows changes over the same years in 
the relative contributions to grazing pressure of domestic livestock and 
wildlife. 

Asscfia Eshete, Michl'Corra, Tasseuw G/Medhin and S. Sanfird 
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Surveyors were Resource Minigenient atnd Research (1970 and 19"/3), Kenya Rangelands 
Ecological Monitoring Unit (1977, 1978, 1985 and 1988) and ILCA (1989). 

Policy services 
The specific aims of the Policy Services theme are to disseminate appropriate 
information to policy makers in the livestock subsector, and to train those 
needed to analyse policy issues and their solutions. The main instruments 
used to achieve these aims are ALPAN, the African Livestock Policy 
Analysis Network, and an annual training course in policy analysis. In 
addition, manuals on livestock policy analysis and livestock systems research 
and a handbook on African livestock statistics arc being produced under this 
theme. 

African Livestock Policy Analysis Network 
Two sets of ALPAN papers, comprising two newsletters and five articles, 
were produced in 1989. A supplement to one of the newsletters listed all the 
publications of the ILCA Livestock Economics 1)ivision from 1986 to 1989. 

ALPAN membership increased slightly during the year to over 1000 by 
the end of 1989, of whom o0% work in sub-Saharan Africa with about two-

Figure 22.Relativ- c..itriliiions o 
domestic livCestock and wildlif. 
tototal herbi'ore inomnass in 
Isiolo District, northern 

1970-89. 
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thirds of these serving in government. About 40% of the African members 
are natural scientists, while a little over a quarter are social scientists. Table 
46 summarises the structure of the ALYAN membership by region, employ
ment, discipline and language. 

Addis Antenehi 

Table 46. Fmployment discipline and ,ain lalquae 'A N ncnhership at Dccenber 1989. 

Employment Discipline Language 

International Social Natural Un-
Region Total Government organisation Private Academia scientist scientist classified English French 

Central Africa 108 87 7 1 13 21 56 31 15 93 

East Africa 241 153 25 8 55 88 99 54 240 1 

Southern Africa 150 104 14 8 24 36 68 46 133 17 
West Africa 330 210 60 6 54 77 125 128 142 188 
Total sub- 829 554 106 23 146 222 348 259 530 299 

Saharan Africa 

Other African 6 1 5 0 0 1 1 4 6 -
countries 

Total African 835 555 111 23 146 223 349 263 536 299 
countries 

Non-African 189 16 118 18 37 49 41 99 177 12 
countries 

Total 1024 571 229 41 183 272 390 362 713 311 

Policy analysis training course 
The fourth annual course in livestock policy analysis was held at ILCA head
quarters in September 1989. The course, offered in French, was attended by 
20 participants, 13 from ministries or development orga.iisations, 5 from 
agricultural or livestock research institutes, one from a university and one 
from a regional intergovernmental organisation. Table 47 sets out the 
regional origins and linguistic backgrounds of participants in these courses 
over the past four years. 

S. Sandf ,rd and Settait Seyoun 

Table 47. 	 Re,'ional oriin and main lapnqn'eoft eople attending the livestock policy anaIlysis courses, 
1986-89. 

East Southern West Central 
Africa Africa Africa Africa Total 

1986 11 6 3 - 20 
1987 I 1 13 8 23 
1988 14 2 5  21 
1989 - 121 	 7 20 

Total 26 10 33 15 84 

Anglophone 25 8 	 8 41 
Francophone 1 2 25 15 43 
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THRUST STAFF 

S Sandford, Thrust Coordinator 
Addis Anteneh, Economist 
Assefa Eshete, Photo Interpreter 
L Diarra, Ecologist 
P Hiernaux, Ecologist 
M AJabbar, AgriculturalEconomist* 
P N de Leeuw, Ecologist 
Michel Corra, Ecologist 
j M Powell, Agro-eclo gist* 
L Reynolds, Animal Scientist 
D Roxas, Animal Scientist* 
Senait Seyoum, Chief'Research Assistant 
Tassew G/Medhin, Pilot 
A Traore, Veterinarian 
T 0 Williams, Livestock Economist 

* Join'd ILCA in 1989 
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Training and Information
 

With the firm establishment of the research thrusts and the ILCA-associated 
networks, the Training and Information Department worked during 1989 to 
cnsLire that its activities and services supported and complcmented the objec
tives of the Centre, and of ILCA's colleagues in the national agricultural 
research systems (NARS). 

The work of the I)epartment was delivered through five themes, which 
are reported in this chapter. 

Of great importance to the Department was a planning mecting held in 
October 1981), which produced a plan of action for training and information 
at ILCA for the period 1991-95. The meeting, which brought together 
seven ILCA staff members and six scientists from national research and 
training institutcs in sub-Saharan Africa, uised a goal-orientcd project 
(GOPP) ,lethod. Priority activities were identified: 

Training 
" 	 help NARS train scientists capable of leading research programmes by 

providing research opportunities at ILCA to graduate students, post
doctoral scientists and senior scientists 

* 	 train NARS scientists and technicians in research methods and tech
niquIcs through courses and individual study programmes 

" develop production-oricnted training courses 
* 	 provide research man.gcmecnt training 
• 	 prepare training manuals and sclf-learning packages based onl ILCA 

courses and the work of the thrusts and networks and make thcm 
available to trainees and to teaching institutions in sub-Saharan Africa 

* 	 establish an ILCA-NARS forum to cnsure that the Centre's training 
programmes ncet the needs of NARS. 

Information 
* 	 ensure the effective distribution o:" ILCA information and research 

results throughout sub-Saharan Africa 
" bc a partner in the distribution of information and results produced by 

NARS throughout sub-Saharan Africa 
" 	 assemble information relevant to livestock research and production for 

sub-Saharan Africa, obtained worldwide, and provide it to NARS 
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* 	 strengthen NARS information services by collaboration and training 
* 	 provide appropriate mechanisms for NARS scientists to publish their 

results. 
With respect to both training and information, ways should be sought

by which ILCA can encourage and help African scientists to remain in active 
research in the continent. 

The emphasis is clear. The Training and Information Department must 
bc av active interface between ILCA and the NARS and deliver programmes
and activities that are sought by and needed by the NARS but which are 
supported and backed by the resources and expertise of the Centre. 

Training 
Work started in 1989 on a Training policy atd procedures manual which will 
provide a written reference to all policies, procedures and guidelines on 
ILCA training opportunities for ILCA staff (advisors and supervisors) and 
for trainees. It will make clear the responsibilities ofall those involved in de
signing, supervising and organising training at ILCA and of the participants in 
group and individual training programmes. 

Individual training 
Forty-two scientists completed individual study programmes with ILCA 
during 1989. 

Two visiting scientists spent their sabbatical leaves with the Centre. 
Dr E.A. Olaloku, from Obafemi Awolowo University, Nigeria, worked 
under Dr P. Chigaru to assess the biological aspects of the potential for milk 
production by sinallholder farmers in the humid and subhumid zones of 
West Africa. Dr O.A. lkwuegbu, from the National Veterinary Research 
Institute in Vom, Nigeria, supervised research on technical aspects of live
stock extension with the Fulani in northern Nigeria, under Mr R. von 
Kaufmann. 

Four post-doctoral associates completed their studies in 1989. Dr T. 
Bedingar, from Chad, supervised by Dr J. Mclntire, worked on socio
economic considerations of feed supply policies and crop-livestock inter
actions. Dr A. Panin, Ghaiaian, investigated the possible use of dairy cows 
and single oxen for land cultivation in Debre Birhan and Debre Zeit, 
Ethiopia, under the supervision of Mr S. Sandford. Dr T. Williams, 
Nigerian, who also worked with Mr S. Sandford, studied the impact ofpricing
policies on meat and milk output in sub-Saharan Africa. Filially, Dr T.J. 
Ruredzo, Zimbabwean, completed his work on the in-z'itro conservation of 
forage grasses, supervised by DrJ. Hanson. 

Forty graduate students worked at ILCA during 1989, and 11 of them 
completed their studies during the year (Table 48). The 40 students were 
each registered at one of the 32 universities worldwide with which ILCA is 
collaborating. These universities are in North America (5), Europe (16),
Australia (4) and Africa (7). It is the intention of the Department to increase 
its collaboration with African universities. 

Short-term training was provided for three undergraduate associates, 
four research fellows and seven meeting fellows. 

Individual study programmes, particularly for long-term individual 
trainees, will be expanded during 1990 because the Department considers 
that they make a major impact on the work and future resources of NARS,
particularly for research leadership, and that they assist the Centre in achiev
ing its own research objectives. 
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Table 48. (radi,,C Ass,,ciates ito it,,imphrcd their studies at It.CA duri g 1989. 

Graduate ILCA Registering
 
Associate Nationality Degree supervisor university Project title
 

Menwylect Atsedu Ethiopian MSc 1) L Coppock Colorado Prospects for using ftdder batks and
 
State native acacia trees for calfinanagement
 

intervention iII semi-arid Ethiopia
 

Mtltugeta Assc'i Ethiopiai NISc 1) L Coppock 	 Colorado Ecotnomltic evaluation ofcal fianagenient 
State intervention in scnmi-arid Ethiopia 

13J H atonto inga I)utch NISc ) I Kasali Wagen ingei 	 *'hCeffect oftt ''iat ode and treiatode
 
inf'ections on the growth performancec
 
ofEthiopian hti!hland sheep
 

Alcmayehn Matie Ethiopian M Sc II laqte Justus I.eibig 	 Vcrtisols tanagemett iniEthiopian
 
highlands
 

Fissehta I taia Ethiopian MSc SJutzi I lohenuheitit 	 I)istribution patterns ofdeficient and 
toxic cle icntis liminiting crop production 
iII sone agro-ecological ones of Ethiopia 

Wonditniagegie Cheool tthiopian Phi) I I-laque G(6ttingen 	 Characterisation and muanagement of
 
Ethiopian highland black soils
 

Gecachew Tikubet Ethiopian Pill) R Schc'.itetis Sierra Leonie 	 Tsetse ecology and trypanosoniiasis 
ci.dicii ge so iUth-west Ethiopia 

NI Frenken (erman M Sc SSandford (;6ttigeti 	 Farming systetis in tie seiii-arid zone
 
oAEthiopia
 

A Doyle Irish MSc KJ Peters 	 University Rearing of crossbred calves in Ethiopia
 
College by restricted suckling
 
I)ubli: 

Takcle''ilahun Ethiopiatn MSc I) L Coppock New South l on ,ilenien tarityand conflict between 
Wales traditional and post-revolutionary 

governmental leadership in the lBorana 
pastoral systenli ai tile inmplications fr 
develop ni)t 

SolotiioI l)CsalegII EthiopianI MSc I) L Coppock 	 New South Bush encroachment in the southern 
Wales 	 Ethiopian rangelands; prospects for 

cotrol usitg fire and chemical/ 
Iiechaitical techniques 

Group training 
Twelve group training courses were oft ercd in 1989, including five new 
courses. Six courses were in French and six in English. From the 857 appli
cations received, 26) participants were selected but only 216 were able to 
attend. The participants canie froti 39 sUb-Sanaran countries (Table 49). 

Each course was managcd by an adMilltistrative coordinator from the 
Training I)epartntcnt, and a technical coordinator from the Research 

e)partment. In. all, 39 Ill-CA staff members participated in the training 
courses as lecturers (Table 5)). 

Training 	materials and methods 
The Training Materials and Methods Unit is responsible for the educational 
design of ILCA courses and training materials and provides graphic, photo
graphic, mapping and audiovisual services to all ILCA units and ILCA's 
NARS collaborators. 
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Table 49. r;outtrIinn.,.rt r, ,wt HI.CA., 199' 

Coturse title 

I. Forage evaluation techniques 

2. Animal production and research nIet hod s 

3. Small-ruminant production techniques 

4. (')n-tarmn livestock perftormance testing 

5. Applied statististir m annl scientists2 

instruction 

French 


English 


French 


English 


French 


6. Livestock hygieneaind produoct ion relationships2 English 

7. Economics ofa nimal health and disease control English 

8. Rural dairy processing French 

9. Livestock policy analysis French 

10. Forage evaluation techniques English 

1I. Animal nutrition and forage analysis French 

12. Improving milk production in Africa2 English 

Total 

Language of Thrust Numberof Number of 
focts I participants countries 

4 27 15 

I 15 4 

2 24 13 

1 18 I1 

A 19 10 

1,2 15 7 

1,2,3 13 10
 

1 10 8
 

6 20 11
 

4 23 II
 

1,2,3,4 17 7 

1 15 7 

216 39 

I = Cattle Milk .nd Mcat; 2 = Small Ruminant Meat and Milk; 3 = Animal "'raction;4 Animal Feed Resources;
 
6 = Livestock Policy and Resource Use; A = All Thrusts (including Thrust 5, Trypanotolerance).
 

2 Courses given biar the first time. 

In 1989 the Unit worked closely with the Research I)epartment to re
structure the statistics and research methods courses so as to achieve a more 
useful developmental sequencc. The "On-farm livestock performance testing" 
and "Anitnal production and research methods" courses were redesigned to 
form two new courses, naiIely, "Biometrics and data management in 
applied research" and "Livestock research methods", both of which will be 
staged in 199)0. A result of this process is the development of a three-tier 
structure, trom basic statistics to advanced applied research: 
" Applied statistics for African animal scientists 
* Biometrics and data management in applied research 
* Livestock research methods 

In addition, the content of the "Forage evaluation techniqetcs" course 
was expanded to cover production aspects as well. This course has been 
renamed the "Forage evaluation and production" course and will also be 
offered in 1991. 

The focus of traitning materials development has been on training 
manuals and slide/tape modules. The texts for two ILCA manuals, Applied 
statistics r A..iican animal scientists and Soil p/thysics Illortory tntl,,ds were 
edited for technical content. The Unit also worked with the International 
Laboratory for Research on Aim al )iseases (ILRA I)) in the preparation of 
a manual entitled Gastro-intestt,al parasitesofl'rntinintnts in Alrica. Two slide/ 
tape modules, Introduction to milk and Milk processint,, techniques, were revised 
and produced and are now ready for testing and valid;.tion. 

One new activity of the Unit in 1989 has been to add a teaching com
ponent on communication to each ILCA training course. This is intended to 
train course participants in the preparation and verbal presentation of 
material. 
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Table 50. IL.CA Icuirts iIlihiai'fi,al oino4d,. 

ILCA scientist Course taught' 

Addis Antench 12
 

1 lhrtholomew 10
 

I Brokkcn 2,4,12
 

E Bruns 4,5,12
 

11C.,pper 12
 

I) 1. Cppock 12
 

S Crosse 12
 

S I )ebrah 7
 

l-phraim Ickele 7
 

K - I) ( ;.tsch 4
 

(ctaciew Asameew 4
 
M Got: 4
 

J Ilanson 9
 

() 1 Kasali 5,6,12
 

J Lamlbourne 3
 

1Lazier I
 

11N de lceuw 4
 

T Met, 4
 

Michel Corra I
 

M A Iolh.med-Salcem 12
 

I Mtkasa-Mugerw,, 5,12
 

Negussie Akalework 4
 

J Ochang 1,2
 

( 1 O'('onnor 7,12
 

EA Olaloku 7,12
 

KJ Peters 2,4,5
 

E W Itchardsm 2,6,10,11
 

Marcos Sahh, 2
 

A N Said 8
 

SSandford 2,8,12
 

Senait Seyoumn 8
 

J Stares 2
 

Tekelye Bekele 4,5
 

W Thorpe 4
 

J C M Trail 5
 

A Traot 3
 

13It Tripathi 2,5,7,12
 

J Walsh 2
 

It T Wilson 3
 

See' Table 49 foir course numbers. 

As in the past, the Unit provided services to ILCA scientists in the prep
aration of graphic and photographic materials and aerial-survey maps. The 
ILCA slide show was revised in 1989 and a French version was prepared. 
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Information 

Documentation 
The Library and Documentation Centre provides ILCA staff and NARS 
with the information that is so vital to the development of livestock 
production in sub-Saharan Africa. 

The library now has 300 external mcmbers and participates in an inter
library loan network with UN agencies and with selectcd universities, 
government ministries and research institutes, and has exchange programnies
with 350 institutions -round the world. 

The library holding on livestock research and production in Africa is 
unique, and the additions to the collection in 1989 arc shown in Table 51. 

Table 51. ILCA lilraryarquisitionsand hohlin's, 1989. 

Additions 
Items during 1989 Total 

Books 4358 25 456 

Reprints 534 6 139 

Microfiches 2718 26099 

Periodical titles 53 1 804 

In 1989 more than 404 000 photocopies and 16 000 microfiches were 
made against 4993 and 146 requests, respectively. 

The number of users of the Selective Dissemination of Information 
(SDI) service has increased to 1015 in 46 African countries. The service con
tinues to provide users with monthly updates ofabstracts from the database 
of the Commonwealth Agricultural Bureaux International (CABI).

Some 750 retrospective literature searches were conducted for ILCA 
staff and external users on ILCA's iu-house database, which now contains 
59 000 records, and on AGRIS, CABI and AGRICOLA databases. The 
AGRICOLA database is now available on CD-ROM in the library.

The second Quick Bibliography, Small nninants in sub-Saharan Africa, 
was prepared in two volumes. The first volume covers small-ruminant man
agement and productivity; the second deals with the economic, nutritional 
and disease aspects of small ruminants. 

ILCA In Print, a catalogue listing all the major publications produced by
ILCA staff since the Centre's inception in 1974, was made available. The 
catalogue contains 1749 citations, categorised by discipline, of articles pub
lished in refereed journals, monographs, technical papers, books, reports 
and dissertations. 

The ILCA mailing list was again reviewed using update forms sent to 
the recipients of ILCA publications in early 1988. Out of a total of 6330 
update forms distributed, 4695 were returned (75%) and these now form the 
new mailing list: 69% of the addresses arc in Africa. 

A total of 41 940 publications were distributed in 1989 to scientists on 
the Centre's mailing list. A further 8191 publications were dispatched as the 
result of specific requests. 

During 1989, one-month in-service training on information processing,
especially on the CI)S/ISIS database management system and on cataloguing
and indexing, was given to two staff members from NARS libraries in 
Tanzania and C6te d'lvoire. 
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Part of ILCA's database, containing 25 000 records on sub-Saharan
 
Africa, was installed using the CDS/ISIS package at ILCA's zonal research
 
sites at Bamako (Mali) and lbadan and Kaduna (Nigeria). A short training
 
course on the management of the CDS/ISIS database system was given to
 
the ILCA librarian in Bamako and scientists in the zonal research sites were
 
given denlonstrations of the system to enable them to make full use of the
 
database.
 

Publishing 
ILCA's publications continued to reflect the research orientation of the
 
Centre. Both the Monograph and Research Report series were expanded by
 
additional titles in each: A revieu of reproductiveperformance offemale Bos
 
indicus (zebu) cattle, by E. Mukasa-Mugerwa (Monograph 6); R6le des
 
ligneuxfourraersdans la nutrition des ruminants en Afrique subsaharienne.Etude
 
bibliograpliique,by R. Miranda (Monographic 7); and Dairy imports into sub-

SaharanAfrica: Probl'ms, policies and prospects, by V. von Massow (Research
 
Report 17). French translations of two previous English Research Reports
 
were also published in 1989.
 

The Annual Report for 1988 again rcflected the thrust-based research
 
structure ofthe Centre.
 

During 1989 plans were made to launch a new internationally reviewed
 
journal, African Livestock Research. The plans for the journal were approved
 
by the ILCA Board of Trustees at their meeting in April 1989, and were
 
endorsed by the Fifth Biennial Meeting between ILCA and Leaders of Live
stock Research, Developinent and Training in sub-Saharan Africa, held in
 
October 1989. By the end of 1989 guidelines for the pre-rcview and statistical
 
review of manuscripts and notes for contributors had been completed, and
 
an international Editorial Advisory Board had been rccruitcd. The first issue
 
ofthe journal is planned for 199(1. Thejournal will replace the ILCA Bulletin,
 
for which issue 35, published in )ecember 1989, was the final issue.
 

TRAINING AND INFORMATION STAFF 

M E Smalley, Directorof Trainigand Information* 
Michael HailU, Head ofhInbrmation** 
Azeb Abraham, Librarian 
S Adoutan, Translator/Editor* 
I Alipui, Assistant Editor 
Manyahlishal Kebede, Production Managqer 
Marcos Sahlu, Supervisor, Documentation 
PJ H Neate, Science Writer 
I) Niang, Revisor/Editor 
L Padolina, AdministrativeAssistant 
J Stares, English Editor!/Writer* 
C )e Stoop, Assistant Translator 
B Tripathi, AgriculturalEducator, TrainingMaterialsandMethods 
Werqu Mekasha, Trainingand ConferencesOfficer 

* JoinedlLCA in 1989 

** Left ILCA in1989 
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Staff list, 1989 
Professional and supervisory staff 

DIRECTOR GENERAL's OFFICE 

J Walsh, Director General 
R A Stewart, Assistant to the Director General and 

Director of the Donor and Board Secretariat 
J Reeves, Public Aiwareness Specialist* 
Tehout Workalemahu, Executive Secretary 
Antonio Silla, Internal Auditor 

RESEARCH DEPARTMENT 

K J Peters, Deputy Director General (Research) 
A K Diallo, Liaison/Facilitator, West and Central Africa 
J A Kategile, Liaison/Facilitator, Eastern and Southern 

Africa * 
A Tall, Assistant to the Deputy Director General 

(Research) 

Animal Science Division 

Animal Nutrition and Management 

PChigaru, Animal Production Scientist (Head of,- ction) 

B SCapper, Animal Nutritionist** 

A N Said, Animal Nutritionist/ARNAB Coordinator 


Animal Production and Management 


Belete Dessalegn, Animal Scientist 

D L Coppock, Animal Scientist/Ecologist
 
W Mwenya, Animnal Breeder (Visiting Scientist)* 

E A Olaloku, Cattle Research Network Coordinator* 

SOkantah, Animal Breeder (Visiting Scientist)* 


Small Ruminant Research Network 


R T Wilson, Animal Scientist/Network Coordinator 

D Bourzat, Veterinarian/Animal Production Scientist 

(secondedfrom the Institut d'dlevage et de midecine 
vitirinairedes pays tropicaux)** 

* JoinedILCA in1989 

** LeftILCA in1989 

B Rey, Veterinarian/Animal Production Scientist (seconded 
from the Institut d'tlevage et de mdecine vitirinaire 
des pays tropicaux)* 

Animal Reproduction and Health 

0 B Kasali, Veterinarian/Pathologist (Head of Section)
 
Azage Tegegne, Veterinarian (Post-doctoral Associate)*
 
E Mukasa-Mugerwa, Animal Scientist
 
Tamrat Yigzaw, ChiefLaboratory Technician
 
Tekelye Bekele, Veterinarian
 
P Viviani, Veterinarian (FAO Associate Expert)
 

Plant Science Division 
J Tothill, Forage Agronomist (Head ofDivision until 

October) 
D Thomas, Forage Agronomist (Head of Division 

from October)*
 
E Agishi, Forage Agronomist (Visiting Scientist)*
 
S Jutzi, Forage Agronomist
 
A Larbi, Forage Agronomist (Post-doctoral Associate)*
 
J Lazier, Forage Agronomist**
 
L Mugwira, Plant Nutritionist (Visiting Scientist)*
 
D Siaw, Forage Agronomist ',Post-doctoral Associate)"
 

Genetic Resources
 

J Hanson, Head ofForage Genetic Resources Section 
TJ Ruredzo, Tissue-culture Specialist (Post-doctoral 

Associate)** 

Soils and Plant Nutrition 

I Haque, Soil Scientist (Head of Section) 
N Luyindula, Soil Microbiologist (Post-doctoral 

Associate)* 
Tekalegn Tadesse, ChiefResearch Assistant 
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Livestock Economics Division 

S Sandford, Economist (Headof Division) 

AddL Antench, Economist 

T Bedingar, Economist (Post-doctoralA ssociate)** 

R Brokkcn, Eonomist 


J Mclntire, Economist"* 

P Ngaregize, Economist (Post-doctoralAssociate) 

A Panin, Economist (Post-doctoralAssociate) *
 
Senait Seyounm, ChitfResearch Assistant 


Research Support Division 

ComputerScience and .'iometrics 

E Bcuns, Alan,,er, Cemmmter Services* 

T Metz, ScientilicProgrammer 


E W I ichardson, Biomintrician 

J Sherington, Bimetrician*
 

E.xperiminnt Station--Headquarters 

Aklilu Askabc, Aninial Scientist (Farmand 

Grounds 1lanager) 


Resource Survey 

Assei Esliete, Photo Interpreter 

Michel Corra, Ecologist 

Tassw G/Medhin, Pilot 


Zonal R,'qcarch Sites 

H~qhlads-E-tiopiaSubhumnid 
M A Mohamed-Saleem, Agronom.st (Team Leader) 
Abate Ttdla. Forage Agroiomist 
Abiye Astatke, AgriculturalEngineer 
H Airaksinci, Agronomist (Associate Expert) 
K-I) Gautsch, Arimal .ientist 
Getachew Asanienew, AgriculturalEconomist 

MI R Goe, Aniual Scienlist** 

Negussie Akalework, Station Coordinator 


(Debre Bir/han/ 
U Schuhlihess, Agronomist (Research Associate) 
T Varvikko, Annual Nutritionist(Associate Scientist)* 
E Zerbini, Animal Scietist (Post-doctoral Associate)* 

DebreZeit t:..-periment S,,tlion, FEthiopia 

S Crosse, A4,.al Scientisi (Team Leader)* 

R Franceschini, I e'erma,ian (Research Associate) 

R Griffiths, Seed ProdctitonSpecialist (Head of
 

HerbageSemri Unit)* 
H Khalili, Animal Nut it onist (Associate Scientist)* 
M Moen:, Dairy Tedmolhgist (FAO Associate 

Specialist) 
C B O'Connor, Dairy Technologist 
S Sovani, V'eterinarian(Research Associate) 
Tadesse Tessema, Station Coordinator 

* JoinedILCA in 1989 

** l. j ILCA in 1989 

Humid Zone-Nigeria 

L Reynolds, Animal Scientist (Team Leader)
 
A N Atta-Krah, ForageAgronomist**
 
M AJabbar, AgricultralEconomist*
 
T A Mohammed, Animal Scientist (Post-doctoral
 

Associate)*
 
E Sabiiti, Range Ecohgist (Post-doctoralAssociate)*
 

Subhumid Zone-N,'riaR yon Kaufmnann, AgricuiltuiralEconomist 

(Team Leader)
 
J Agwu, ReproduictiePhysiologist (Post-doctoral
 

Associate)
 
C desBordes, Animal Scientist**

0 A Ikwuegbu, Animal Nutritionist (Visiting


Scientist)** 

G Tarawali, ForageAronowist 

Subhumid/Semni-aridZone-Alali
 
P Bartholomew, ForageAgronomist (Team Leader)
 

M I Ciss6, Ecologist
 
S Debrah, Economist
 
D Diakite, Administrator
 
L Diarra, tcologist
 
K Fofana, ChiefAccountant
 
P Hliernaux, Ecologist
 
S Mvaiga, Veterinarian
 
M Mattoni, Veterinarian
 

A Reee, Animal Scientist
 
S Soumare, Sociologist
 
A "'riaor6, Veterinarian
 

Zonie!TrypIaniotoleranice-Kenyva

SuChM il Aom a oencea ea
 
J C M Trail, Animal Geneticis! (Team Leader)
 
F N Chabari, AgriculturalEconomist** 
B H Dzowela, PANESA Coordinator 
G d'leteren, African TrparotolerantLivestock Netw'ork 

Coordinator 
P Itty, Agricudtural Economist (FAO Associate Specialist) 
P N de Leeuw, Ecologist 
SNagda, Senior BiolqgicalData Analyst 
A N Ouattara, Assistant to the Network Coordinator 
J M Rarieya, Biological Data Analyst 
GJ Rowlands, Animal Scientist* 
W Thorpe, Animal Scientist 
Semi-aridZone- The Gambia 

K Agyenmang, Animal ProductionScientist 
D A Little, Animal Nutritionist 

Semi-arid Zone-Niger 
J M Powell, Agro-ecologist (Team Leader)*
 
D Roxas, Animal Scientist*
 
T 0 Williams, Livestock Economist
 

TrypanotoleranceNetwork Site-Ethiopia 
Woudyalew Mulatu, Veterinarian 
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OUTREACH DEPARTMENT 

M Sail, Director of Outreach 
Alemayehu W/Giorgis, Travel Officer 
Amde Wondafrash, NationalLiaison Officer 
Ephraim Bekele, Liaison Service Officer 
Tafesse Akale, Protocol Officer 

TRAINING AND INFORMATION 
DEPARTMENT 

M E Smalley, Directorof Trainingand Infornation* 

Trainingq 

L Padolina, AdministrativeAssistant 
B R Tripathi, AgriculturalEducator, Training 

Materialsand Methods 
Werqu Mekasha, Training and Conference Officer 

Information 

Michael Hailu, Head of Information** 
S Adoutan, Translator/Editor* 
I Alipui, Assistant Editor 
Azeb Abraham, Librarian 
Manyahlishal Kebede, ProductionManageress 
Marcos Sahlu, Supervisor,Documentation 

* JoinedILCA in 1989 

** Left ILCA in 1989 

PJ H Neate, Science Writer
 
D Niang, Reviso'-/!ditor
 
J Stares, English Editor/Writer*
 
C De Stoop, Assis.,vt Translator
 

ADMINISTRATION 

K Geerts, Head ofAdministration**
 
W Michel, Head ofAdmninistration*
 
Ahmed Osman, Assistant Per. ,nnel Officer
 
A Conti, PersonnelOfficer 
B KJohri, PersonnelManager 
F Leone, PhysicalPlant Manager 
P Monaia, Supervisor, Maintenance 
Sahle Kebede, CateringOfficer 
Tekeste B Habtu, ProcurementOfficer 
Tesfaye Mekoya, ChiefSafety Officer 
J A Thersby, Warden 

FINANCE 

M Klass, FinancialController 
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Publications by ILCA staff in 1989
 

Annual Reports 

ILCA Annual Report 1988 

CIPEA Rapport Annuel 1988 


Programme and budget 

ILCA 'sstrategy and long-termn plan
 
Stratjqieetplan ilong terne du CIPEA 


Research reports 

KingJ M. 1989. Ifluence du climat ctde I'alimentationsur 
les besoins en eau du bdtailen Afrique tropicale.CIPEA 
Rapport de recherche 7. CIPEA (Centre inter
national pour l'61evage en Afrique), Addis Ababa, 
Ethiopia. 115 pp 

von Massow V H. 1989. Dairy imports into sub-Saharan 
Africa: Problems, policies and prospects. ILCA Re-
search Report 17. ILCA (International Livestock 
Centre for Africa), Addis Ababa, Ethiopia. 48 pp. 

Sandford S. 1989. Oranisationetgestion des ressources 
hydrauliques en Afrique tropicale. CIPEA Rapport de 
recherche 8. CIPEA (Centre international pour 
l'dlevage en Afrique), Addis Ababa, Ethiopia. 
55 pp. 

Bullet-*ns 

ILCA Bulletin Nos 33 and 34 
Bulletin du CIPEA Nos 31, 32 and 33 

Newsletters 

ILCA Newsletter Vol 8 (Nos 1, 2, 3 and 4) 
CIPEA Actualits Vol 8 (Nos 1, 2, 3 and 4) 
ALPAN Newsletter No 7 
ALPAN Network Papers Nos 19, 20, 21, 22 and 23 
ARNAB Newsletter Vol 8 (Nos 1, 2, 3 and 4) Vol 9 

(Nos 1,2and 3) 
PGRC/E-ILCA Germplasm Newsletter Nos 18 and 19 

ForageNetivork in EthiopiaNewtsletterNos 21, 22 and 23 
The Aninal Traction Newsletter No I (French) 
The PANSA New'sletter Nos 8 and 9 
The Small Ruminant Neuwsletter Nos 14, 15 and 16 

(English and French) 

Training manual 

Nicholson M J and Butterworth M H. 1989. Grilie de 
notation de I'ttat d'engraissement des bovins zebus 
CIPEA (Centre international pour l'6levage en 
Afrique), Addis Ababa, Ethiopia. 31 pp. 

Indexes/bibliographies 

Aniakclech Atlaw and Marcos Sahlu (compilers). 
1989. ILCA in print/Publicationsdu CIPEA, 1975
1988. ILCA (International Livestock Centre for 
Africa), Addis Ababa, Ethiopia. 243 pp. 

Conference reports 

Wilson R T and Azeb Melaku (eds). 1989. African snall 

rumintiant research and de,,elopinent. Proceedings of a 
conference held at Blamenda, Cameroon, 18-25 
Januaj; !989. African Small Ruminant Research 
Network, ILCA (International Livestock Centre 
for Africa), Addis Ababa, Ethiopia. 578 pp. 

Said A N and Dzowela B H (eds). 1989. Overcomningk 
constraintsto the efficient ,tilization of agriculturalby
products as animalfeed. Proceedings of the Fourth 
Annual Workshop held at the Institute of Aninial 
Research, Mankon Station, Bamenda, Canieroon, 
20-27 October 1987. ARNAB (African Research 
Network for Agricultural Byproducts), ILCA 
(International Livestock Centre for Africa), Addis 
Ababa, Ethiopia. 474 pp. 
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Monographs 
 Miranda R. 1989. Rile des lI(neuxfourraqers dans la nuMukasa-Mugerwa E.1989. A re,,iew ofreproducti,,eper- trition des ruminants en Afrique subsaliarienne. Etudeformance o 'fimale Bos indicus (zebu) carth'. ILCA bibliographique. CIPEA Monographie 7. CIPEAMonograph 6. ILCA (International Livestock (Ccntre international pour 'l1evage en Afrique),Centre for Africa), Addis Ababa, Ethiopia. 134 pp. Addis Ababa, Ethiopia. 43 pp. 

Papers, books and chapters of books 
Abate Tedla, Getinet Gebeychu and Tesfayc

Tesemma. 1989. Drainage improv. ,it on 
Vertisols of the highlands of Ethiopia. SI: 'L[a
bulletin of the Crop Science Comnii ofee 

Ethiopial 2(1-2):33-34. 


Abiye Astatke, Jutzi S and Abate Tedla. 
 1989. 
Sequential cropping ot Vertisols in dhe Ethiopian 
highlands using a broadbed-and-furrow system.ILCA Bulletin 34:15-20/.,iiclAriutranHoiutre61-2. 

Addis Antench. 1989. Issues for animal pro-
duction in developing economies: The case of sub-
Saharan Africa. In: Biuscience in animal production. 
An international syniposiun exchanginqexperience be
tween countries. Royal Agricultural Society of 
England Monograph Series No. 9. pp. 19-33. 

Addis Antench. 1989. Livestock and food production
in Africa: Challenge and opportunity for the 
national livestock and veterinary services. OIE 
Revue Scientifique et Technique 8(3):591-606. 

Atta-Krah A N and Reynolds L. 1989. Utilisation of 
pasture anid fodder shrubs in the nutrition of sheep
and goats in the humid tropics of West Africa. In: 
Sheep anl goat meat production in the humid tropics of
West Africa. FAO Animal Health and Production 
Paper 70. FAO (Food and Agriculture Organiz-
ation of the United Nations), Rome, Italy. pp. 68-
91. 

Azage Tegegne, Warnick A C, Mukasa-Mugerwa E 
and Ketema H. 1989. Fertility ofBos indicits and Bos
indicus x Bos taurus crossbreed cattle after estrus 
synchronization. Theriogenoloy 31:361-37(. 

Balasta M L F C, Perez C M, Juliano B 0, Villareal 
C 1), Lott J N A and Roxas I) B. 1989. Effects of 
silica level on some properties of'Oryza sati,,astraw 
and hull. Canadian Journalof Botany 67:2356-2363. 

Bourzat I) and Wilson R T. 1989. Principaux aspects

zootechniques te laproduction des petits ruminants dans 

les syst6mes agropastoraux du Yatenqa (Burkina Faso).
Etudes et synth scs de I'IEMVT No.31. IEMVT 
(Institut d'61evage et de in6decine vi6trinaire des 
pays tropicaux), Paris, France. 

Breman M and Diarra L. 1989. Mini manuel pour le 
suivi 16ger des ressources pastorales au 
Sahel. CAB() Report 112. CABO (Centre de 
recherches agrobiologiques), Wageningen, The 
Netherlands. 

Cecchini G. 1989. The detection of Brucella abortus 
antibodies incattle o an enzyme immuno assay 

(EIA): Comparison between different EIA antigens,
Rose Bengal and Sero Agglutination test. Der 
Tropehmtwiil irt-Zeitschrfi fir die Landw'irtschft in 

den Tropen tind Subtropen 90:21-26. 
Cobbina J, Atta-Krah A N and Kang B T. 1989. 

Leguminous browse supplementation effect on the 
agronomic value of sheep and goat manure. Bio-

Ioical
Agriculture and Horticulture 6:115-121.
 

CobbinaJ, Kang B T and Atta-Krah A N. 1989. Effectof soil fertility on early growth of Leucaena and 
Gliricidia in alley farms. Agro/irestry Systems 
8:157-164. 

ebra h 1989.w. ipacts of rising energy prices on 
Saskatchewan agriculture: A comment. Canadian 
Journal,:fAgriculturalEconomics 37:319-321. 

Debrah S and Hall H H. 1989. Data aggregation and
 
farm risk analysis. AgriculturalSystems 31:239-245.
 

l)winger R 1-1,Agycmang K and Little D A. 1989.
 
N'Dama cattle: Managing Africa's genetic re
sources. ILRAD Reports, October 1989. ILRAD 
(international Laboratory for Research on Animal 
Diseases), Nairobi, Kenya.

Dwinger R H, Little D A, Agyemang K, Leperre P and 
Grieve A S. 1989. Research project on the pro
ductivity of N'Dana cattle in The Gambia and 
Senegal. Fourth Annual Report of EEC-Funded 
Project at the International Trypanotolerance 
Centre (ITC), Banjul, The Gambia. 50 pp.

Grandin B E, de Leeuw P N and Lembuya P. 1989. 
Drought resource distribution and mobility in two 
Maasai Group Ranches, southeastern Kajiado Dis
trict. In: Downing T E, Gitu K W and Kamau C M 
(eds), Coping with drou ht inKenya; National and 
local strategies. Lynne Reiner Publishers, Boulder, 
USA and London, UK. pp. 245-263. 

Gryseels G, Anderson F,Getachew Asamenew, Abebe 
Misgina, Abiye Astatke and Woldeab Wolde 
Mariam. 1989. On-farm research to improve
sniallholder livestock productivity in the Ethiopian
highlands. Quarterly Journal of International Agri
culture 28(3/4):365-375. 

Hoste C H, Chalon E, d'leteren G and Trail J C M. 
1989. Le /itail trypanotolranten Afrique occidentale et 
centrale. Tome 3 - Bilan d'une d6cennie. Etude 
FAG: Production et sant6 animales 20/3. FAO 
(Food and Agriculture Organization of the United 
Nations), Rome, Italy. 
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InnsJ H, Cecchini G and Mattoni M. 1989. The effect 
of anticoagillant, storage time and temperature, 
and sodium azide on blood progresteronc concen-
tration. ILCA Bulletin 33:9-13. 

Jabbar M A and Abedin Md Z. 1989. The evolution 
and significance of on-farm and farming systems 
research in the Bangladesh Agricultural Research 
Institute. OFCOR Case Study No. 10. ISNAR 
(international Service for National Agricultural 
Research), The Hague, The Netherlands. 119 pp. 

Kabaija E and Little D A. 1989. Performance of cross-
bred dairy calves fed a basal diet of meadow hay 
supplemented with noug (Guizotia abyssinica) 
cake or urea-molasses mixture with or without 
phosphate. Journalof Animal Physiology and Animal 
Nutrition 61:1-8. 

Kabaija E, Negussie Akalework and Leng R A. 1989. 
Sheep productivity in the Ethiopian highlands on a 
diet supplemented with urea-molasses block and/ 
or noug cake. TropicalAnimnal Health and Production 
21:183-190. 

Kang B T, Reynolds L and Atta-Krah A N. 1989. 
Alley farming. Advances in Agronomy 43:315-359. 

Kemp SJ, Trail, J C M, d'leteren G 1) M and Teale A. 
1989. Lymphocyte antigens as markers of 
trypanotolerance. IMnuno'iology (Supplement) 
4:187 (Abstract). 

Little I) A, Kompiang S and Petherani RJ. 1989. The 
mineral composition of Indonesian ruminant 
forages. Tropical Agriculture (Trinidad) 66:33-37. 
IBased on non-ILCA work) 

Luyindula N and Weaver R W. 1989. Partitioning of 
nitrogen in cowpea as influenced by rhizobial strain 
and mineral nitrogen. Agronomy Journal 81:593
596. 

Mukasa-Mugerwa E, Azage Tegegne, Mattoni M and 
Cecchini G. 1989. Effect of oestrous synchronis-
ation with prostaglandin F2-alpha in Ethiopian 
highland zebu (Bos indicus) cows. Animnal Pro-
ductiot: 48:367-373. 

Nicholson M J. 1989. Depression of dry-matter and 
water intake in Boran cattle owing to physiological, 
volumetric and temporal limitations. Animal 
Production 49:29-34. 

Nicholson MJ and Little 1) A. 1989. A note or the use-
fulness ofskinfold thickness versus condition score 
for estimating body fat content in Boran cattle. 
Anirtal Production48:234-236. 

Panin A. 1989. Profitability assessment of animal 
traction investment: The case of northern Ghana. 
AgriculturalSystems 30:173-186. 

Panin A and de Haen H. 1989. Economic evaluation of 
animal traction: A comparative analysis ofhoe and 
bullock farming systems in northern Ghana. Quar-
terlyJournalofInternationalAgriculture28:6-20. 

Petheram R J, Goe M R and Abiye Astatke. 1989. 
Approaches to research on draught atimal power it: 
Indonesia, Ethiopiaand Australia. James Cook Uni
versity, Townsville, Australia. 115 pp. 

Powell J M. 1989. Sorghum stover removal and fer
tilizer nitrogen effects on crop yields and nutrient 
cycling. PhD dissertation, Department of Soil and 
Crop Science, Texas A & M University, College 
Station, Texas, USA. 

Rey B. 1989. Comparaison de deux mrthodes de 

stratification des unites de production pour dcbuter 
un processus de recherche oriente vers le develop
pement. Les cahiers de la recherche dtveloppemnent 
23:94-101. [Based on non-ILCA work] 

Reynolds L. 1989. Legume trees for integrated crop/
livestock farming in southern Nigeria. ILEIA 
Neusletter5(2):14-15. 

Roxas I) B, AlIcr M G and Juliano B 0. 1989. Per
formance of cattle fed straw from two rice varieties. 
PhilippineAgriculturalist72:124. 

Salehuddin Kibria S, Roxas 1) B and Ranjhan S K. 
1989. A ruminant feed based on water hyacinth: A 
nitrogen balance study. Batngladesh Jourtnal of
Atvinial Scienice 18:63-68. 

Tawonezvi H P R, Ward H K, TrailJ C M and Light 
D. 1989. Evaluation of beef breeds for rangeland 
weaner production in Zimbabwe. 1. Productivity
of purebred cows. Atimal Production47:351-359. 

Tawonezvi H P R, Ward H K, TrailJ C M and Light 
1). 1989. Evaluation of beef breeds for rangeland 
weaner production in Zimbabwe. 2. Productivity
of crossbred cows and hcterosis estimates. Anitnal 
Production 47:361 -367. 

Tekalign Mamo and Haque 1. 1988. Potassium status 
of some Ethiopian soils. Eas. African Agricultural
atid Forestry Journal 53(3):123- 130. [Published in 
19891 

Tekelyc Bekele and Kasali 0 B. 1989. Toxoplasmosis 
in sheep, goats and cattle in central Ethiopia. Veter

ry Research C('mmnications 13:371-375. 

Tekelyc Bekele, Cecchini G, Kasali 0 B, Scholtens R 
G and Mukasa-Mugerwa E. 1989. Infectious 
bovine rhinotracheitis/infectious bovine pustular 
vulvovaginitis (IBR/IPV) in cattle in central 
Ethiopia. Bulletin of Animal Health andProduction in 
Africa 37:31-33. 

Tekelyc Bekele, Kasali 0 B, Mukasa-Mugerwa E, 
Scholtens R G and Tamrat Yigzaw. 1989. The preva

lence of brucellosis in indigenous cattle in central 
Ethiopia. Bulletin ofAnimal Heaith and Productionin 
Africa 37:97-98. 

Trail J C M, d'Ieteren G D M and Teale A J. 1989. 
Trypanotolerance and the value of conserving 
livestock genetic resources. Getione 31:805
812. 
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Traor6 A. 1989. Incidence and control of fascioliasis 
around Niono, central Mali. ILCA Bulletin 33:18-
19. 

Vanhatalo A and Varvikko T. 1989. Influence of 
sample preparation on the ruminal nylon bag degra-
dation values of grass silage. Asian-Australian 
Journal of Animal Sciences 2:413-415. [Based on 
non-ILCA work] 

Varvikko T and Vanhatalo A. 1989. Critical aspects in 
intestinal digestion estimates obtained by the 
mobile bag method. Asian-Australian Journal ofAnimal Scienices 2:40J4-406. [Based on non-ILCA 
work] 

Wanapat M, Varvikko T and Vanhatalo A. 1989. 
Degradability of cereal straw using in sacco and 
mobile bag techniques. Asian-AustralianJournalof 
Aninal Sciences 2:421-423. [Based on non-ILCA 
work] 

Wanyoike M M, Meshesha A F , Said A N and Karau 
P. 1989. Influence ofnitrog:n supplementation on 
voluntary intake and liveveight performance of 
wether sheep on wheat ,traw diets. Bulletin of 

Papers published in proceedings 
Abate Tedla. 1989. Improved technology for draining 

Vertisols in the Ethiopian highlands - ILCA's 
contribution. In: Ahn P M (ed), Vertisol management 
in Africa. IBSRAM Proceedings No. 9. Inter-
national Board for Soil Research and Management 
(IBSRAM), Bangkok, Thailand. pp. 173-179. 

Abiye Astatke, Jutzi S and Grunder M. 1989. Vertisol 
surface drainage and effect on soil and nutrient 
conservation, excess water disposal and wheat 
growth. In: 20th National Crop Improvement Confer-
ence. Proceedings of a conference. Institute of 
Agricultural Research, Addis Ababa, Ethiopia. 
pp. 75-89. 

Agyemang K. 1989. Small scale dairy farming in The 
Gambia: Current situation and implications for 
development. In: Trypanotolerant livestock devel-
opmnent. Report of a meeting organised by FAO 
[Food and Agriculture Organization of the United 
Nations] and ITC [International Trypanotolerance 
Centre], Banjul, The Gambia, 1989. International 
Trypanotolerance Centre, Banjul, The Gambia. 
pp. 18-19. 

Dzowela B H, de Leeuw P N and KategileJ A. 1989. 
Review of feed resources in small scale livestock 
production systems in the SADCC region. !n: 
Machaurin A R and Maasdorp B V (eds), Proceedings 
of a workshop held in Bulawayo, Zimbabwe, 1-5June 
1987. Ministry of Lands, Agriculture and Rural 
Resettlement, Harare, Zimbabwe. pp. 39-53. 

Getachew Gebru, Beyene Chichaibelu and Reed J D. 
1989. Effects of processing methods on chemical 

Animal Health and Productionin Africa 37:367-371. 
[Based on non-ILCA work] 

Wilson R T. 1989. Reproductive performance of 

African indigenous small ruminants tinder various 
management systems: A review. Animal Repro
duction Science 20:265-286. 

Wilson R T. 1989. Livestock production in central 
Mali: Economic characters and productivity indices 
for Sudanese Fulani cttle in the agro-pastoral
system. Tropical Aqriculture(Trinidad)66:49-53. 
system Tral ai (Trin.dad64 e3 

Wilson R T and Ole Maki M. 1989. Goat and sheeppopulation changes on a Masai group ranch in 
south-western Kenya, 1978-1986. AgriculturalSystems 29:325-337. 

Wilson R T, Murayi Th and Rocha A. 1989. Indigenous 
African small ruminant strains with potentially 
high reproductive performance. Small Runmitit 
Research 2:107-117. 

Wissocq N M, DurkinJ W, TrailJ C M, Gettinby G, 

Bell RJ, Hiwot Berhanc and Light D E. 1989. The 
uptake of a microcomputer database package to 
assist livestock management decisions in Africa. 
Computersand Electronicsin Agriculture4:15/-168. 

composition and in vivo digestibility of coffee pulp 
in Ethiopia. In: Wilson 1,T and Azeb Melaku (eds), 
African small ruminant researchand development. Pro
ceedings of a conference held at Bamenda, Cam
eroon, 18-25 January 1989. African Small Ru
minant Research Network, ILCA (International 
Livestock Centre for Africa), Addis Ababa, 
Ethiopia. pp. 182-191. 

HansonJ and LazierJ R. 1989. Forage germplasm at 
ILCA: An essential resource for evaluation and 
selection. In: XVI InternationalGrasslandCongress, 
4-11 October 1989, Nice, France.Association fran aise 
pour la production fourrag~re (The French Grassland 

Society), Versailles, France. pp. 265-266. 
d'leteren G and Trail J C M. 1989. Trypanotolerant 

cattle in West and central Africa. In: Nevill M (ed), 
7th World Holstein FriesianConference, 2-6February 
1988, Nairobi, Kenya. Kenya Friesian Cattle So
ciety, Limuru, Kenya. pp. 157-168. 

Kabaija E and Little D A. 1989. Potential of agri
cultural by-products as sources of mineral nutrients 
in ruminant diets. In: Said A N and Dzowela B H
(eds), Overcoming constraints to the efficient util
isation of agricultural by-products as animal feed. 
Proceedings of the Fourth Annual Workshop held 
at the Institute of Animal Research, Mankon 
Station, Bamenda, Cameroon, 20-27 October 
1987. ARNAB (Africana Research Network for 
Agricultural Byproducts), ILCA (International 
Livestock Centre for Africa), Addis Ababa, 
Ethiopia. pp. 379-393. 
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Kasali ) B,Mukasa-Mugerwa E,Tekelye Bekele and 
Njau B C. 1989. Reproductive wastage in small 
ruminants in tropical Africa. In: Wilson R T and 
Azeb MelakU (eds), A/rican small ruminatnt research 
and development. Proceedings ofa conference held atBanienda, Canmeroon, 18-25 January 1989. AF 
ricani a minan,Resear r18 CAi 

rcnSmall Ruminant Research Network, ILCA 
(International Livestock Centre for Africa), AddisAbab,p. Ehioia.77-86.proceedings
Ababa, Ethiopia. pp. 277-286. 

vol, Yi-,,dann R R and Mohammed Saleem M A. 
1989. Legume pasture units for supplementing 
cattle grazirg rangeland under traditional pro-
duction systems in the Nigerian subhumid zone. 
In: X 17 International Grassland Cot.nress, 4-11 
October 1989, Nice, France. Association frantaise 
pour laproduction fourragbre (The French Grass-
land Society), Versailles, France. pp. 1339-1340. 

Killanga S,"'1raor A and IlardouinJ. 1989. 1)ifl&euces 
dceproductivit entre troupeaux iepetits rumni-
nants darts le systbme agropastoral du Mali central. 
In: Wilson R T and Azeb Melak, (eds), African 
sinill ruminant research and development. proceedings 
of a conference held atBanenda, Cameroon, 18-
25January 1989. AfrictaSmall, minantResearch 


Nctwork, ILCA (International Livestock Centre 
for Africa), Addis Ababa, Ethiopia. pp. 86-95. 

Larbi A and Adjci N1 B. 1989. Effect of grazing interval 
on forage production and quality of two digit 
grasses in southern G hana. In: 'I'International
GjrasslandCongress, 4 11 October 1989, Nice, France.Association franaise pour lIaproduction fourra-
gore (ihe French (aisslaod Society), Versailles, 
France. p. 1221. 

Larbi A, Mislevy P, Brown W F and Adjei M B. 1989. 
Evaluation of three tropical perennial grasses for 
beef production insouth-central Florida. In: X I'I 
InternationalGrasslandConkress, 4-11 October 1989, 
Nice, France. Association fran,,aise pour lapro-
duction fourrag&re (The French Grassland Society), 
Versailles, France. pp. 1215-1216. 

Lazierj R and Alemaychu Mengistu. 1989. Forage re-
search for the mediun-altitude acid-soil areas of 
Ethiopia. In: Proceeding'softite Second National Livi'e-
stock Improventent Confirence, Addis Ababa, Ethiopia, 
Feb. 1988. Institute of Agricultural Research, 
Addis Ababa, Ethiopia. pp. 142-147. 

Little D A. 1989. Possible ways for improvement-
nutrition. In: Trypanotolerantlivestock de'velopment. 
Report ofa meeting organised by FAO [Food and 
Agriculture Organization of the United Nationsl 
and ITC [i iternational Trypanotolerance Centre], 
Banjul, Tle Gambia, 1989. International Trypano-
tolerance Centre, Banjul, The Gambia. pp. 30-
31. 

Little D A, Anderson F M and Durkin J W. 1989. 
Partial suckling of crossbred dairy cows: Initial 
results ofeffects on milk offtake and calfgrowth at 
Debre Berhan. In: Proceedings ofthe Second National 

Livestock Improvetm'nt Coni erence, Addis Ababa, 
Ethiopia, Feb. 1988. Institute of Agricultural Re
search, Addis Ababa, Ethiopia. pp. 92-98. 

Mesfin Abebe and Jutzi S 1989, Tlil joint project oi 
improved management of dark clay soils innrvdmnaeeto ak-lysisi 
Ethiopia: Retrospects and prospects. In: Ahn P M
(ed), Vertisol manaq~ement in Africa. IIASRAM 
Ped iso. No. 9.9. Inentin Ard frSoilfor SoilInternational Board 
Research and Management (IISRAM), Bangkok, 

Thailand. pp. 385-398. 
Mohaned Saleein M A, \'an Velthuizen H T and von 

Kaufmarnn R R. 1989. Use ofland resource assess
ment to estimate potential fodder outputs and 
animal support capacities in some countries in West 
Africa. In: .\' I Iternational Grassland Congress, 
4-11 October 1989, Nice France. Associatio fran
4aise pour Ia production ourragnArc (Tie French 

Grassland Society), Versailles, France. pp. 1437
1438. 

Murayi Th, Sayers A R and Wilson R T. 1987. Pro
duction characteristics of Small East African goats
 
and their crosses with Anglo-Nubian and Alpine

under station conditions in the semi-arid 'Bugesera'
 

region of eastern Rwanda. In: Hassan N I, Tlemat 
F M and I-kssamo H el-I) (eds), International 
cotlerence on animal production in arid zones. The 
Arab Center for the Studies of Arid Zones and Dry 
Lands (ACSAI)), Damascus, Syria. pp. 357-371. 
[Published in 19891 

Negussie Bussa and Butterworth M H. 1989. The use 
of tritiated water to estimate the kinetics of body 
water in lactating Borana cows under ranch conditions. It: Proceedingsof the Second National Li,,e
stock Imnro,,ement Cotyirence, Addis Ababa, lEthiopia, 
Feb. 1988. Institute of Agricultural Research, 
Addis Ababa, Ethiopia. pp. 190--194. 

Ngategize P K. '89. Constraint identification and 
analysis in African small ruminant systems. In: 
Wilson R T and Azeb Melaku (eds). African smal! 
ruminant rerarchand deivelopiet tP'occcdings of ae. 

conference held at Bamenida, Cameroon, 18-25 
January 1989. African Small Ruminant Research 
Network, ILCA (International Livestock Centre 
for Africa), Addis Ababa, Ethiopia. pp. 7-22. 

Peters KJ. 1989. )oes the goat have a future in improved 
production systems in developing countries in the 

tropics? In: lProceedin,!softhe Second National Live
stock Improvenent Cotferrence, Addis Aba/ia, Ethiopia, 
Feb. 1988. Institute of Agricultural Research, 
Addis Ababa, Ethiopia. pp. 17-32. 

Peters KJ. 1989. Trends in on-farm performance testing 
of small ruminants in sub-Saharan Africa. In: 
Wilson R T and Azeb Melaku (eds), African small 
nminant research and development. Proceedings of a 

conference held at BIamenda, Cameroon, 18-25 
January 1989. African Small Ruminant Research 
Network, ILCA (International Livestock Centre 
for Africa), Addis Ababa, Ethiopia. pp. 439-469. 
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ReedJ 1)and Kasali 0 B. 1989. Hazards to livestocl, of
consuming aflatoxin-contaminated groundnut 
meal in Africa. In: Aflatoxin contamination ty"
groundnuts. Proceedings of the international work-
shop. ICRISAT (International Crops Research 
Institute for the Sei-Arid Tropics), Patancheru, 

Reynolds L. 1989. Eftects of browse supplementation 
on the productivity of West African Dwarf goats.
In: Wilson R T and Azeb (eds),Melaku A4rican 
small runinant research and developmient. Proceedings 
of a conference held at Banienda, Cameroon, 18-25January 1989. African Small Ruminant Research 
Network, ILCA (International Livestock Centre 
for Africa), Addis Ababa, Ethiopia. pp. 237-250. 

Reynolds L. 1989. Livestock in agroforestry. In: Avery
M E, Canell M G R, and Ong Ccations of biological research in aro,sianK (eds), Afpli.restry. 

caiosofbilgialrserc n si, airforsrWinrock International, Morrilton, Arkansas,
USA. 

Ruredzo T J and Hanson J. 1989. Tissue culture 
tec niques for maintenance and distribution of 
tropical grasses. In: XVI International Grassland 
Congress, 4-11 October 1989, Nice, France. Associ-
ation franqaise pour la production fourragcre (The
French Grassland Society), Versailles, France. 
pp. 429-430. 

Sibomana G, Murayi Th, Sayers A R and Wilson R T. 
1989. Performances pond~rales du mouton africain 
5 longue-queue-grasse stationen au Rwanda. In: 
Wilson R T and Azeb Melaku (eds), African small 
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Traor6 A and Wilson R T. 1989. Epiddmiologie et 
dcopathologie des pneumopathies des petits ru
minants en zone semi-aride de I'Afrique de l'Ouest. 
In: Wilson R T and Azeb Melaku (eds), African 
small nuninantresearch and developnent. Proceedings
of a conference held at Bamenda, Cameroon, 18
25January 1989. African Small Ruminant Research 
Network, ILCA (International Livestock Centre 
for Africa), Addis Ababa, Ethiopia. pp. 351-36,'
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Meetings attended by ILCA staff in 1989
 

Application of Modern Technology to African 
Trypanosomiasis. 25th Trypanosoniasis Seminar 
of the British Society for Parasitology, Glasgow, 
UK, September. 

CIMMYT [Centro Internacional de Mejoramiento de 
Maiz y Trigol Workshop oil "Issues Related to 
Planning, Management and Evaluation of On-
Farm Experinments", Arusha, Tanzania, December. 

Commissions Techniques Sp6cialis6es des Productions 
Animales, Bamako, Mali, March. 

Conference on "The Future of Maasai Pastoralists iI 
Kajiado District", Limuru, Kenya, May. 

Design and Analysis of On-farm Trials. Workshop 
held at IITA (International Institute of Tropical 
Agriculture), Ibadan, Nigeria, March. 

Deuxi~me Symposium du R~seau d'Etudc des 
Syst~mes de Production en Afrique de l'Ouest 
(RESPAO), Accra, Ghana, August/September. 

Editing into the Nineties. Joint Meeting ofthe Council 
of Biology Editors, the European Association of
Science Editors and the Association of Earth 
Science Editors, Ottawa, Canada, September. 

Fifth Meeting of the National Liaison Officers to the 
FAO [Food and Agriculture Organi7ation of the 
United NationsI Programme for th.: Control of 
African Animal Trypanosomiasis and Related 
Development, Banjul, The Gambia, April. 

First Annual Conference ofthe Cameroon !iosciences 
Society, Ngaoundere, Cameroon, Decenber. 

First Natural Resources Improvement Conference, 
Institute of Agricultural Research (IAR), Addis 
Ababa, Ethiopia, March. 

First Research Coordination Meeting of the FAO/ 
IAEA [Food and Agricultural Organization of the 

United Nations/International Atomic Energy 
Agencyl Regional Africa Project on BNF, Tunis, 
Tunisia, May. 

Fourth International DLG-Syniposium on "Modern 

Cattle Production", Giessen, Federal Republic of 
Germany, November. 

Inaugural meeting of the Alley Farming Network for 
Tropical Africa (AFNETA), IITA (International 

Institute of Tropical Agriculture), Ibadan, Nigeria, 
August. 

Integrating Research to Improve Agricultural Pro
duction and Natural Resource Management.
Workshop Organised by Winrock International 

and the Southern African Centre for Cooperation 
in Agricultural Research, Lilongwe, Malawi, 
November. 

International Board for Soil Research and Management 
(IBSRAM) Workshop on Vertisol Management in 
Africa, Harare, Zimbabwe, January. 

International Conference on the Application of Bio
technology to Livestock in Developing Countries, 
Centre for Tropical Veterinary Medicine, Uni

versity of Edinburgh, Edinburgh, UK, Sep
tember. 

International Study Workshop on Tsetse Population 
and Behaviour, Nairobi, Kenya, August. 

Maize Research and Technology Transfer. Workshop 
Organised by IITA (International Institute of 
Tropical Agriculture), Ibadan, Nigeria, October. 

Methodology Workshop for Dairy Consumption 
Surveys, National Livestock Projects Division,
Kaduna, Nigeria, March. 

National Workshop on raught Animal Power 
Research and Development in Nigeria, National 

Animal Production Research Institute (NAPRI), 
Zaria, Nigeria, June. 
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National Workshop on Fadama and Irrigation
Development in Nigeria, Blauchi, Nigeria, Oc-
tober. 

SAFGRAD Conference on Appropriate Technologies 
for Seni-Arid Tropics, Ouagadougou, Burkinia 
Faso, April. 

Second Symposium of the West African Farming Sys-
tems Research Network on "The Contribution of 
Farming Systems Research to the l)evelopment of 
Improved Technologies for the I)itfeetent Agro-
ecological Zones in West Africa", Accra, Ghana, 
August/September. 

Sixth International Conference of Institutes for Trop-
ical Veterinary Medicine, Wageningen, The 
Netherlands, August/September. 

Stall I,'i:a;;t ic;',pnecrt Workshup Organised
by Rivers State Agricultural Development Pro
gramme, Port Harcourt, Nigeria, April. 

Third Session ofthe African Ministerial Conference on 
the Environment, United Nations Environment 
Programme, Nairobi, Kenya, May. 

Twentieth Meeting of the International Scientific 
Council for Trypanosomiasis Research and Con
trol, Mombasa, Kenya, April. 

West and Central African Feed Resources Network 
Meeting, Avetonou, Togo, October/November. 

Women and Agriculture in Nigeria. Seminar at the 
University of lbadan. Nigeria, October. 

XVI International Grasslands Congress, Nice, France, 
October. 
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Research collaborators, 1989
 

Africa 
Cameroon 

Institut de recherche zootechnique (IRZ) 


Congo 
Direction gtndral de la recherche scientifique et 


technique (DGRST) 


C6te d'Ivoire 

Socidtd de dtveloppement des productions animales 
(SODEPRA) 

Ethiopia 

Addis Ababa University, Awasa College of 
Agriculture 

Agricultural Implements Research and Improvement 
Centre (AIRIC) 


Alemaya University of Agriculture 

AmboJunior College of Agriculture 

CARE-Ethiopia 

Dairy Development and Rehabilitation Project

Ministry of Agriculture: Agricultural Development 


Department; Agricultural Extension Department; 
Land Use and Regulatory Department; Soil and 
Water Conservation and Community Forestry 
Department (Soil Conservation Research Project); 
Southern Rangeland Development Unit (SRDU) 

Ministry of State Farms 
Forestry Resource.Inventory Project 
Fourth Livestock Development Project 
Institute of Agricultural Research (IAR) 
Relief and Rehabilitation Commission (RRC) 
Selale Peasant Dairy Dcvelopment Pilot Project 
Third Livestock Development Project 
Gabon 

Office gabonais d'amdlioration et de production de 
viande (OGAPROV) 

Ghana 

Animal Research Institute 

Kenya 

Baobab Farms Ltd, Mombasa 
Kenyan Agricultural Research Institute (KARl)
Kenya National Al Service
 
Kenya Veterinary Department
 

Ministry ofAgriculture
 
Ministry ofLivestock Development, Small
 

Ruminant Collaborative Research Support
 
Programme (SR-CRSP)
 

University ofNairobi
 

Mali 
Centre de recherche zootechnique (CRZ) 
Institut national de recherche eni santd publique 

(INRSP) 
Institut national de recherche zootechnique, foresti~re 

et hydrobiologique (INRZFH) 
Laboratoire central vdtdrinaire 

Nigeria 
Agricultural Development Project (ADP) 
Ahmadu Bello University College ofAgriculture and 

Animal Science 
Calabar Polytechnic 
Cross Rivers State University 
Kaduna State Ministry of Agriculture 
Kano Agriculture Development Project (KADP) 
Katsina State Ministry of Agriculture 
Michael Okpara College of Agriculture, Owerri 
Ministry of Agriculture and Natural Resources, 

Oyo State 
National Animal Production Research Institute 

(NAPRI) 
National Livestock Projects Division (NLPD)
National Veterinary Research Institute (NVRI) 
Obafemi Awolowo University, Ile-Ife 
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University of lbadan 

University of Nigeria, Nsukka 


Senegal 
Institut s6ndgalais de recherche agronomique (ISRA)
Laboratoire national d'dlevage et de recherches 

vdt6rinaires (LNERV) 

To dColorado 
Centre de recherche et d'devage d'Avetonou, Togo

(CR EAT) 
Projet petit ruminant 

Zaire 

CompagnieJ van Lancker 

Dt)veoppement du progr~s populaire, Idiofa 

Diocese d'ldiofa 

Laboratoire v&terinaire de Kinshasa 
Institut national d'6tude et de recherche agronornique 

(INERA) 

Outside Africa 
Australia 

Australian Centre for International Agricultural 
Research (ACIAR)


Melbourne University 


France 
Institut d'd1evage et de incdecine vttinaire desSae(CL) 

pays tropicaux (IEMVT) 
Office pour Ia recherche scientifique et techniqued'outre mer (ORSTOM) 

Finland 

Agricultural Research Centre of Finland 


Federal Republic ofGermany 
Association for Tropical and Subtropical Agricultural 

Rseearch (ATSAR) 
Gesellshialit fiir Tchnische Zusammenarbeit (GTZ)
Technical University Mni~ch 
University of Giessen 

University of G6ttingen 

University of Hohenheim 


Italy 

University of Milan 

The Netherlands 

University of Wageningen 

Norway 

Agriculture University of Norway 

United Kingdom 
Agricultural and Food Research Council: Institute of 

Engineering Research; Institute for Animal and 

Grassland Production (IGAP); Institute of 
Physiology and Genetics Research 

Overseas Development Administration (ODA)
University College of North Wales
 
University of Glasgow
 
University of Reading
 

United States of America 

State University

Michigan State University

Purdue University
 
Texas A&M University 

University of California (Berkeley) 
University of FloridaUniversity of Louisiana
 
University of Wisconsin
 
Utah State University
 

International organisations 
African Development Bank (ADB) 
Centre regional de formation et d'application en

agroni6tdorologie et hydrologic op6rationnelle 
(AGRHYMET) 

Centre r6gional de r61d6tection Ouagadougou 
(CRTO) 

Centro Internacional de Mejoramiento de Maiz y Trigo
(CIMMYT) 

Centro Internacional de Agricultura Tropical (CIAT)
Comit6 inter-6tats de lutte contre ]a sccheresse au 

Sahel (CILSS) 
Food and Agricultural Organization of the UnitedNations (FA)Institut de Sahel (INSAH) 

Inter-African Bureau for Animal Resources
 
(OAU/IBAR)
International Board for Plant Genetic Resources 
(IBPGR) 

International Board for Soil Research and Management(IBSRAM) 

International Centre oflnsect Physiology and Ecology
(ICIPE)

International Council for Research in Agroforestry

(ICRAF)
 

International Crops Rescarch Institute for the
 
Semi-Arid Tropics (ICRISAT)
 

International Development Research Centre (IDRC)Internatioral Ferilizer Dcvelopment Center (IFDC)
International Food Policy Research Institute (IFPRI) 

International Fund fcr Agricultural Development(IFAD) 
International Institute for Applied Systems Analysis 

(IIASA)International Institute for Tropical Agriculture (IITA)
Internatijnal Laboratory for Research on Animal 

Diseases (ILRAD)
International Trypanotolerance Centre (ITC)
International Union for the Conservation ofNature 

and Natural Resources (IUCN) 
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Financial Summary 

INTERNATIONAL LIVESTOCK CENTRE FOR AFRICA
 
BALANCE SHEET at 31 December 1989
 

(USS '000) 

ASSETS 
Current assets 1989 1988 

Cash 6373 6420 
Receivable from - donors 3008 1 385 

- employees 88 84 
- others 1 140 565 

Inventories 1 148 1 250 
Deposits and prepayments 191 201 
Construction work in progress 57 119 

Total current assets 12005 10024 

Fixed assets 
Buildings 10 407 9 547 
Research and laboratory equipment 3563 3411 
Computer 1 612 1 601 
Furnishings and office equipment 2745 2468 
Vehicles and aircraft 3438 3274 
Other 81 81 

Total fixed assets 21 846 20 382 

Total assets 33 851 30 406 

LIABILITIES AND FUND BALANCES 

Current liabilities 
Accounts payable employees 317 317 
Other payables and accruals 5023 4608 
Contributions received in advance 1 117 1 427 

Total current liabilities 6457 6352 

Fund balances 
Invested in fixed assets - Core 21 056 19 726 

- Special projects 790 656 
Working capital 4212 2489 
Capital development fund 1 336 1 183 

Total fund balances 27 394 24 054 

Total liabilitiesand fund balances 33851 30406 
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INTERNATIONAL LIVESTOCK CENTRE FOR AFRICA 
STATEMENT OF REVENUE, EXPENDITURE
 

AND FUND BALANCES
 
for the year ended 31 December 1989
 

(USs '000) 
Revenue 

CGIAR contributions 

Special project graits 

Earned income 

Capital development fund 

Total revenue 

Operating expenditure 
Research 
Information services 

Training and conferences 

General administration and operations 

Board and management 


Total operating expenditure 

Capital expenditure 

Total expenditure 

Excess of revenue over expenditure 

FUND 3ALANCES 
Opening balances 

Working capital 

Capital development fund 


Total opening balances 

Excess of revenue over expenditure 

Closing balances 
Working capital 

Capital development fund 


Total closing balances 

1989 1988a 

18294 16487 
2315 1 830 
1 989 931 

376 446 

22 974 19 694 

12433 11 640 
1 183 1313 
1 699 1 275 
3 219 3 228 
786 699 

19 320 18 155 

1 778 1437 

21 098 19 592 

1876 102 

2489 2834 
1 183 736 

3672 3570 

1876 102 

4212 2489 
1336 1 183 

5548 3672 

The 1988 financial statement has been restated to conform with 1989 treatment of auxiliary units income, previously nettedagainst operating expenditure. 

140 



INTERNATIONAL LIVESTOCK CENTRE FOR AFRICA
 
STATEMENT OF GRANT REVENUE
 

for the year ended 31 December 1989
 
(USs '000) 

CGIAR Contributions 
African Development Bank 

Austria 

Belgium 

Canz.da 

Denmark 

Federal Republic ofGermany 

Finland 

France 

India 

International Development Research Centre (IDRC) 

Ireland 

Italy 

Japan 

The Netherlands 

Nigeria 

Norway 

Organization ofPetroleum Exporting Countries (OPEC) 

Sweden 

Switzerland 

United Kingdom 

United States of America (USAID) 

World Bank 

Stabilisation Fund 


Total CGIAR contributions 

Special project and cooperative 
Agence de coop6ration culturelle et technique (ACCT) 
Australia 
Australian Centre for International Agricultural Research (ACIAR) 
Caritas (Switzerland) 
European Economic Commission (EEC) 
Federal Republic of Germany 
Finland 
Ford Foundation 
International Board for Plant Genetic Resources (IBPGR) 
IDRC 
International Fund for Agricultural Development (IFAD) 
Ireland 
Medios (Belgium) 
Nigeria (NLPD) 
Norway 
Organization of African Unity (OAU) 
Oxfam America 
Rockefeller Foundation 
United States ofAmerica (USAID) 
University ofHohenheim 
West Africa Milk Company 

Total special project and cooperative 

1989 1988
 
200 201
 
175 175
 
663 608
 
881 933
 
398 391
 

1034 1 089
 
1 184 748
 

328 296
 
24 25
 

200 293
 
275 160
 

1 509 1505
 
255 
384 407
 
- 32
 

515 559
 
60 50
 

272 322
 
1597 1 639
 

515 334
 
3000 4000
 
4065 2500
 

760 

18 294 16 487
 

7 18
 
108 46
 
10 7
 
- 199
 

642 86
 
617 423
 
418 135
 

7 15
 
28 47
 
95 156
 

179 
4 82
 

- 1
 
- 35
 

200 300
 
- 15
 

117
 
3
 

93
 
- 51
 
- 1
 

2315 1 830
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_______ 

Source and application of funds, 1989 and 1988
 

1989 INCOME 1988 

62% _CGIAR 
Unrestricted core 

~k. 'A18%~&'____________ CGIA R 
Restricted core 

<::1 oo/.[ K Special projects 

10% Ez-,,,,d
income 7:
 

1989 EXPENDITURE 1988 

9Research
 

-< Training and Information 

General administration 
and operations 

i4 : i <Board and management 

4 Car ital MEM 

142 



Percentage of research expenditure by thrust
 

Livestock Policy and 
Resource Use (LPRU) Cattle Milk and 

\ Meat (CMM) 

Trypanotolerance 9%(TRYPS) 28% 

12%
 

Expenditure in
 
US$ '000 Animal Feed 
 Small Ruminant Meat 
4000 Ressonrces (AFR) and Milk (SRMM) 

Animal Traction (AT) 

3500 

3000 

2500 />," '.
,//:/
 

. .1988 
2000)I>'/?)""'* 

<7, 1989 

7,',, '7 ''/// r ...... *:3:'.: :;: ' ' 
150""70".~ / 7 

/ ,**,.,..- - %, '// .... . 

,oo :2 . / : ....,,,
 

CMM SRMM AT AFR 'TRYPS LPRU 
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ILCA's addresses 

Headquarters 
P0 Box 5689, Addis Ababa, Ethiopia 
Telex: 21207 ILCA ET 
Tel: (251-1) 613215 
Fax: (251-1) 611892 
E-Mail: CGI070 (ILCA) 

Thrust coordination 
Cattle Milk and Meat/ 

Animal Feed Resources/ 

Livestock Policy and Resource Use 


P Box 5689, Addis Ababa, Ethiopia 
Telex: 21207 ILCA ET 
Tel: (251-1) 613215 
Fax: (251-1) 611892 
E-Mail: CG1070 (ILCA) 

Small RianinantMeat and Milk 

PO Box 80147, Mombasa, Kenya 
Telex: 21465 
Tel: 485839/485842 

Aninal Traction 

I)MB 2248, Kaduna, Nigeria 
Telex: 71384 ILCAKD NG 
Tel: (234-62) 211389 
E-Mail: CGI154 (ILCA-KADUNA) 

Trypanotolerance 

PO Box 46847, Nairobi, Kenya 
Telex: 25747 ILCA KE 
Tel: (254-2) 592066, 592122, 592013 
Fax: (254-2) 593481 
E-Mail: CGUO05 (ILRAD) 

Zonal research sites 
Highlands 

PO Box 5689, Addis Ababa, Ethiopia 
Telex: 21207 ILCA ET 
Tel: (251-1) 613215 
Fax: (251-1) 611892 
E-Mail: CGI070 (ILCA) 

Humid zone 

PMB 5320, Ibadar,, Nigeria 
Telex: 31417/31159 TROPIB NG 
Tel: (234-22) 413440 
E-Mail: CG1072 (11TA57) 

Subhunidzone 

PMB 2248, Kaduna, Nigeria 
Telex: 71384 ILCAKD NG 
Tel: (234-62) 211389E-Mail: CGI154 (ILCA-KADUNA)
P0 Box 14 (1LoasKena 

PO Box 80147, iombasa, Kenya 
Telex: 21465 
Tel: 485839/435842 

Subhuidsemi-aridzone 

BP60, Bamako, Mali 
Telex: 2459 ILCA MJ 
Tel: (223) 222177/224279 
Fax: (223) 223022 

Semi-arid zone 

ILCA/ICRISAT, BP 12404, Niamey, Niger 
Telex: 5560 ICRISAT NI 
Tel: (227) 722509 
E-Mail: CGUO04 (ICRISATSC) 
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