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Foreword

Food production in Africa is inadequate. In 1970 ce-
real production in sub-Saharan Africa was 37.8
million tonnes; in 1980 it was 42.4 million tonnes.
This corresponds to an annual increase of little over
1% in a continent where population is increasing by
3% per annum. In the livestock sector, trends are a
little more encouraging: a 1% annual increase in
cattle numbers has been accompanied by a slight in-
crease in milk and meat production per animal.

Some countries, however, have performed much
better than this. The top five have recorded average
increases in foodgrain output of 5% a year. Signifi-
cantly, these countries also recorded the largest in-
creases in cattle numbers and in meat and milk pro-
duction.

The decline in_food production per caput has been
accompanied by a marked rise in cereal and livestock
imports. In 1970 cereal imports to sub-Saharan
Africa amounted to 3.2 million tonnes; by 1980 they
had reached 8.6 million tonnes. Meat imports in
1970 were 26 000 tonnes; by 1980 the figure was
123 000 tonnes. As a result of these large increases
in imports, the average food supply remained level at
about 2170 calories and 55 grams of protein per per-
son per day, about 25% of which was of animal
origin.

This increasing reliance on imported food exposes
Africa to the harsk trends and fluctuations of inter-
national trade. Only 10 years ago grain prices es-
calated far beyond the reach of many developing
countries. If bad weather were again to cause low
harvesiz in several parts of the world, then a similar
crisis could recur with the same disastrous conse-
quences. Self-sufficiency in food is of vital impor-
tance to Africa, and the current trend towards grealer

Jood imports must be reversed.

The immediate task is therefore to increase cereal
supplies. This being so, Africa’s policy makers must
ask the crucial question: does livestock development
complement or comp. ic with cereal production?

An analysis of the jivauction figures for sub-
Saharan Africa since 1960 provides the answer. A

significant correlation of changes in livestock
numbers and in cereal output is apparent acioss all
countries, Each extra animal in the cattle population
is associated with an extra 0.25 ha of cropland and
about 200 kg of additional grain, as well as 13 kg
more meat and 38 litres of milk.

This cosrelation of increases in z7op and livestock
production is by no means unique to Africa. In
India’s rorthwestern states, where substantial in-
creases in wheat and rice output have occurred, milk
production has also greatly increased. In other Asian
countries where rice production has expanded, large
increases in meat and milk production are also re-
ported.

Five separate factors account for the close associa-
tion between increases in foodgrain output and live-
s'sck production.

The first factor is the availability of money. On
su bsistence farms cash income is extremely low be-
cause almost all produce is consumed at home. Con-
sequently there is no money available to buy the in-
puls needed to increase crop production - fertiliser,
improved seed, pesticides or irrigation water. If
credit is nol available on reasonable terms, money
must be obtained from other sources. A common and
convenient source is livestock whose production is
normally associated with a very large value-added
cash component. An upward production spiral is
initiated by increasing the sale of livestock products,
thereby generating the cash to purchase crop inputs.
The catalyst for improvement is livestock.

The second factor is the provision of draught
power by oxen. Working oxen are the pivot point of
farm production in many countries, and the type and
numbers of livestock kept by farmers are frequently
determined by their need for draught power. It gen-
eral, a pair of oxen can cultivate 2 to 4 ha of land per
year. A recent ILCA study shows that, as house-
holds awn more work oxen, so their cropped area in-
creases.

The third factor is market demand. As popula-
tions increase and people become richer, the demand
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Jor more and better food rises rapidly. Meat and
milk are most peoi:ie’s idea of better food: more and
better livestock provide them.

The fourth factor is that livestock provide the
manare vital for maintaining soil fertility and struc-
ture. Many African soils are very old and subject to
intense heat, violent rain storms and powerful
winds. When livestock numbers increase, more
manure beromes available to improve soils and
enhance crop yields.

The fifth and last factor is that crop residues play
a crucial role in livestock nutrition throughout Afri-
ca. As cereal area increases, more residres become
available to feed greater numbers of livestock.

These five factors, coupled with the development
experience of Europe, North America end Austra-
lia, highlight the strong complementarity of live-
stock and crop production. The aim of ILCA is to
build upon this relationship by developing cost-
effective means to increase livestock output.

Throughout Africa livestock output is constrained
by the overall lack of improved technology as well as

by a difficult economic environment. High perform-
ing drought- and disease-resistant forage plants are
not available. Rangeland management techniques
remain traditional. Trypanosemiasis limits live-
stock production to roughly half the available land
area. This lack of improved technology must be over-
come, and at the same time producers must be offered
greater incenlives to increase oulput.
ILCA, together with the other 12 institutes of the
CGIAR system, was created by a group of far-
sighted individuals who recognised the urgent need
Jor well-planned and location-specific research to
provide improved tecknology. Their judgement is
now supported by the 17 international donors that
are generously funding ILCA’s research, documen-
tation and training progsammes. In the pages that
Sollow the precise goals of these programmes are de-
scribed and the progress that ILCA has achieved in
providing improved technology for ivestock cwners
is presented.

/Od o’iuu-&[
4

Peter J. Brumby
Director General



1982 Highlights

In the Ethiopian highlands it

is customary for oxen to plough
the land iu pairs. As many households
do not own two oxen, animals must be
shared, borrowed or hired. Thus land
cultivation is often late and inade-
quate. During 1982 ILCA introduced
a modified traditional harness and
yoke which allows the local plough to
be di1awn by a single ox, an innovation
which i¢ proving highly popular with
farmers.

In the subhumid zone of West

Africa the protein intake of cattle
is insufficient for maintenance re-
quirements during five months of the
dry season, resultirg in a weight loss
of 15%. During 1982 ILCA showed
that forage legumes for dry-season
feed supplementation can be intro-
duced by methods that do not de-
mand excessive labour. Fodder banks
—~ plots of Stylosanthes reserved for dry-
season grazing by lactating and in-
calf cows - have yielded almost 7 t
DM/ha with 11% protein content a:
the start and 6% at the end of the dry
season. This technology seems likely
tc solve one of the most serious con-
straints to increasing livestock pro-
duction throughout the 1300000km?
of the subhumid zone.

At Ibadan, Nigeria, disease is the

major constraint to improved
productivity in small ruminants. A
veterinary package was introduced in
April 1980, consisting of Tissue Cul-
ture Rinderpest Vaccine to control
peste des petits ruminants and a dipping
programme to check mange. Results
reported at the Seminar on Small
Ruminant Breed Productivity held by

ILCA during 1982 show that kid sur-
vival subsequently increased from
67% to 86%, reproductive efficiency
of does improved by 25% and mortal-
ity fell from 30-40% to about 13%.

4 The Niger delta in central Mali
provides dry-season grazing for
about | million cattle and 1.5 million
small ruminants. The traditional code
of control over the use of pastures is
threatened by an iuflux of arable
farmers and a rapidly increasing live-
stock population. During 1982 ILCA
completed a 3-year study for the
Organisation pour le Développement
de I'Elevage dans la Région de Mopti
(ODEM). Analysis of the ownership
and management of herds, combined
with a detailed assessment of vegeta-
tion resources, has allowed new graz-
ing regimes to be devised and tested at
the Niono Ranch of the Institut du
Sahel. These grazing regimes permit
better utilisation of the delta without
concomitant ecologica! damage.

5 A Forage Legume Agronomy

Group was established at ILCA
headquarters during 1982. By the end
of the year its germplasm collection
contained 1793 “best bet” accessions,
mainly from overseas, although some
have heen collected within Ethiopia
by the group’s Plant Exploration Sec-
tion. A computerised indexing sysiem
based on 120 descriptors has been de-
vised which allows the rapid identifi-
cation of those accessions believed to
be best suitzd to the climatic, edaphic
and livestock production conditions of
various African countries.

In the semi-arid zone of Mali,

millet is the staple cereal of sed-
entary agropastoralists. During 1982
ILCA showed that the intercropping
of forage legumes with millet can pro-
vide increased dry-season fodder for
livestock without decreasing millet
yields. So far 242 legume accessions
have been screened. Cowpea lines ap-
pear the most promising - cowpea
grain yields of 724 kg/ha and haulm
yields of 6.5 t DM/ha have been re-
corded.

A Selective Dissemination of

Information (SDI) service was
launched during 1982. Using CAB
and AGRIS tapes, ILCA’s Documen-
tation Service scans the international
agricultural literature each month to
identify publications relevant to in-
dividual scientists according to their
research “profiles”. Select bibliogra-
phies are disseminated free of charge
to research workers and decision mak-

ers throughout Africa.
8 During 1982 14 trainces received
instruction in refresher courses
on forage analysis and animal nutri-
tion, while 16 individuals received tuvi-
tion in their own specialist discipline
or were supported in doctoral re-
search of direct interest to ILCA, and
two specialists were received as post-
doctoral or sabbatica! fellows. In ad-
dition, 185 research workers and deci-
sion makers participated in training
courses and workshops held by ILCA
on pasture production and evaluation
(Kaduna), small ruminant breed pro-
ductivity (Addis Ababa), and arid
zones research for West Africa (Ba-
mako).

il



Figure 1. The ecological zones of Africa
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Field programmes

'The Highlands Programme in Ethiopia

Introduction

Highland areas, defined as land above 1500
metres, are found in many African countries
but are concentrated mainly in the east of the
contirent, as Figure 1 shows. The highland
zone covers some 1 million km? - approxi-
mately 4% of the continent’s surface area -
and is thus the smallest zone under study by
an ILCA team. The modest size of the zone
belics its importance in terms of livestock
production, since it is here that the highest
concentration of domestic ruminants occurs,
20% of Africa’s cattle and sheep and 10% of
its goats being kept in this zone.

ILCA’s Highlands Programme started in
1977 and conducts field research in two study
areas in the Z thiopian highlands: Debre Zeit
and Debre Berhan. The former is 50 km
south of Ad¢i~ Ababa at 1800 m and receives
a mean annual rainfall of 850 mm. Debre
Berhan is 1000 m higher, with a rainfall of
1100 mm and is 120 km northeast of Addis
Ababa.

The principal crops in the Debre Zeit area
are tefl (a small grain cereal), wheat, chick-
peas and faba beans. Most households own
livestock - cattle, sheep, goats and donkeys -
the latter being used for transport of farm
products. Cattle provide milk, draught power
and manure. The latter is used as household
fuel, since wood is generally scarce in the
Ethiopian highlands.

At Debre Berhan, because of the lower
mean temperatures, barley rather than teffis
the staple cereal. Since valley botto1as suffer
from frosts at harvest time, cultivation is re-
stricted to hillsides, which have become bad-
ly eroded and low in fertility as a result of
centuries of cultivation. Sheep are more im-
portant at Debre Berhan than at Debre Zeit,
and flocks may number up to 40 head.

Descriptive studies
Livestock ownership

During 1982 120 households at Debre
Berhan were interviewed every 3 months to
record changes in livestock ownership. This
survey will help to explain how smallk:olders
manage their investment in livestock to
counter the impact of poor crop years, such
as 1982, This study will continue during
1983 in order to identify any medium-term
effects on subsequent crop production.

Dairy technology

The marketing of fresh milk in the Ethiopian
highlands is restricted by long distances to
market and the observance of extended fast-
ing periods when the consumption of animal
products is prohibited. However, small-
scale milk processing is widely practised, the
products contributing substantially to the
cash incomes of smallholders. It was not
known whether improvements could be
made to the local processing methods
through gains in efliciency and the produc-
tion of a wider range of products. The team
therefore conducted a survey of local pro-
cessing methods in July and August 1982
which covered farmers in 8 of the 14 admin-
istrative regions of Ethiopia. Butter was the
principal product, but traditional methods
were ineflicient: up to 40% of the available
butterfat was not converted to butter. There
is thus considerable scope to improve the ef-
ficiency and increase the range of products to
include, for example, ghee and hard cheeses.

Fallow land productivity

In the Debre Berhan area, fallow periods
may be as long as 15 years. A study began in

!
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1982 on fallows of four different ages. Both
fixed and mobile exclosures were used and
pasture was harvested at 6-week intervals.
In allinstances total production to the end of
the main wet season was less than | t DM/ha.
While several useful Trifolium species were
present in these fallows, they constituted only
a low proportion of the sward, reflecting
the low fertility of this land. If economic
methods of increasing fertility can be found
it should be possible to reduce the fallow
periods so that more land can be cultivated.
The study will be expanded and continued
during the 1983 crop year.

Animal traction

In 1982 a PhD candidate began research on
the power output and feed requirements of
work oxen near Debre Berhan research sta-
tion. Data were collected from 24 farms over
two major and minor rainy seasons. The
oxen wer” weighed monthly and heartgirth
measurements were taken. Force measure-
ments were recorded using a strain gauge lo-
cated between the beam and the yoke. Other
variables recorded were depth of ploughing,
speed of travel, volume of soil moved, oxen
respiration rates and soil moisture. At the
end of each working day the tilled area was
measured. These data v'ere augmented by
information or feed intake on working and
rest days, feed samples being analyscd at
ILCA headquarters. The knowledge gained
from this study, which will be completed
during 1982, will help ILCA staff to develop
improved ‘-action technology within the
farmer’s resources.

~0 0
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Designing improvements
Pasture production in valley bottoms

Permanent pastures in valley bottoms are a
major source of grazing and hay during the
dry season. Most valley bottoms are water-
logged through much of the wet season,
rendering crop production impossible unless
water management is practised on a com-
paratively large scale. Because of the contri-
bution of these bottomlands to animal nutri-
tion, an investigation into low-cost methods
of increasing production was begun. A
method which showed particular promise
was ripping the pastures with a winged tine
to adepth of around 15 cm at row spacings of
25 cm. An increase of at least 50% in yield
over the present production of about 4 t DM/
ha was achieved on three test plots. The tine
was drawn by a pair o!'oxen. Ifapplicable on
a large scale, this low-cost technique will
contribute directly to the overall productivi-
ty of the farming system, especially through
reducing the dependence of livestock on fal-
low lands fur dry-season grazing. During
1983, formal trials will be carried out at three
sites, two of which will be on farmers’ pas-
tures.

Single-ox ploughing

Throughout the Ethiopian highlands,
ploughing is performed by pairs of work
oxen drawing the traditional maresha - an im-
plement which has remained unchanged for
many centuries. However, many households
do not own two work oxen and are obliged to
borrow or hire animals each year, causing



! ARDU, the Arsi Rural
Development Unit,
is a larger scale successor
to CADU.

late and inadequate land preparation. The
team therefore undertook research on the
use of oxen working individually rather than
in pairs. The designs of the traditional yoke,
harness and maresha were modified. Initial
trials were successful and it wes found thata
single ox could provide some 70% of the
power output of a pair. At field days in both
the Debre Berhan and Debre Zeit areas,
farmers showed great interest in this low-
cost technique. In 1983 some 60 farmers will
be testing single-ox ploughing on their own
farms and at their own risk.

Provision of dry-season water

During the dry season, considerable time is
spent carrying water to households and in
walking livestock to water. There is thus a
great potential for small-scale catchment
ponds to retain surface water that would
otherwise be lost. However, the digging of
such ponds is a heavy manual task, particu-
larly if they are to be completed within one
dry season. During 1982 a site on the Debre
Berhan station was selected for a 9000 m®
pond which is now being excavated by pairs
of oxen drawing metal scoops of 0.15 m®
capacity. Detailed records are being kept
during construction so that the fi:asibility of
this technology can be estimated before it is
offered to farmers, a move planned for the
1984 dry season. This research is being under-
taken in r:lose collaboration with the Soil and
Water Conservation Department of the
Ministry of Agriculture.

Cultivation trials

In 1982 a 3-year trial was completed which
assessed the performance of three cultivation
implements: the traditional maresha, a
mouldboard plough and a spring tine. Each
implement was used to prepare three differ-
ent soil types, and measurements were taken
of power requirements, crop yields, weed
growth, soil fertility and other factors.
Ploughing all soil types with the two modern
implements took only half the time that was
required with the maresha. On a clay loam
soil where wheat and teff were sown, yields
were highest when a mouldboard plough
was used, although ploughing by maresha re-
sulted in higher yields than those obtained
with a spring tine. An economic appraisal of
the 3 years’ data will be undertaken during
1983,

The use of cows for traction

The reproductive performance of local cattle
breeds in the highland zone is low and calf
mortality is high. A large number of breed-
ing stock are therefore required to provide
replacement work oxen. If cows could sub-
stitute for work oxen, then a much smaller
herd would be required, releasing resources
for food and cash-crop production. This is
particula:v true in areas which are inten-
sively cultivated and where feed resources
are scaice. The team is examining the work
output, milk yield and feed requiremc...s ofa
group of 16 Friesian x Boran cows in a trial at
Debre Berhan. The performance of these
cows is being compared with that of a control
group of the same size which is being milked
but not worked. Both groups are fed high-
quality fodder. This experiment will con-
tinue for 4 years, ending in 1984.

Crossbred dairy cows

From 1969 to 1975, 124 crossbred cows were
issued by the Chilalo Agricultural Develop-
ment Unit (CADU) to farmers in the Arsi re-
gion. The crosses included Friesian x Zebu,
Friesian x Arsi and Jersey x Arsi. The Arsi
breed is a small zebu type, indigenous to
Ethiopia. Management and output data
were collected on these cows but had not
been fully analysed. With Ford Foundation
support, a Ugandan scientist on sabbatical
leave at ILCA undertook a full analysis of
the production records as a joint ILCA/
ARDU" project.

Breed groups differed significantly in lac-
tation yield and length, as well as in milk
yield per day. Year of calving influenced lac-
tation length and daily milk yield, while par-

3



ity was found to influence both lactation
yield and daily milk yield. No significant ef-
fects.of dry period or calving interval were
detected, but Lreed group and parturition
number were shown to influence annual
milk yield. The 1/2-Friesian x 1/2-Zebu and
3/4-Friesian x 1/4-Zebu crosses had signifi-
cantly higher annual milk yields than crosses
of the two other breed groups in the study,
1/2-Friesian x 1/2-Arsi and 1/2-Jersey x 1/2-
Arsi. In terms of annual milk yield under
smallholder management the crosses were
ranked as shown in Table 1.

Teble 1. Productivity indices of four exotic x local
crosses in Arsl reglon, Ethiopla.
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The study also showed that there was a
clear superiorit'- of all crossbreds over indi-
genous breed groups (105%), that the
former had the major advantage of calving
during the wet season from June to Sep-
tember and that performance of the in-
digenous Arsi and Zebu breeds was very
similar. Parallel studies of similar data sets
from other African countries are planned.

Improved pastures

The team tested the productivity and per-
sistence of 12 experimental lines of perennial
grasses sown with Trifolium repens at the Min-
istry of Agriculture’s sheep breeding station
at Debre Berhan. The main species used in
this trial were Lolium perenne, Dactylis glomera-
ta and Festuca arundinacea. In a second trial,
the performance of various legumes when
sown with Dactylis glomerata was examined.
Inaddition, 12 lines of Trifolium, generally T
pralense, were planted for observation. In
both trials germination and establishment
were poor. This may have been due to low
soil fertility, late sowing, waterlogging, frost
damage or a combination of these factors.
As part of the newly formed Ethiopian
Forage Research Network, the team partici-
pated in a multilocation trial to evaluate

promising annual and perennial forage spe-
cies. Ten species were tested in 14 sites
around Ethiopia, of which ILCA provided
three. At ILCA headquarters, DM yields of
up to 5.4 t/ha were obtained from Lolium
multiflorum. Other groups participating in
the network are the Institute of Agricultural
Research (IAR) and ARDU.

Evaluating interventions
Studies on the traditional system

Careful monitering of all interventions is an
integral part of the programme’s research
strategy. During 1982 the team continued to
collect data from 42 farmers in both Debre
Zeit and Debre Berhan who have not recent-
ly adopted or tested any technical innova-
tions. Data from this control group provide
standards against which the effects of new
technology can be compared.

These surveys, which began in 1977 at
Debre Zeit and in 1979 at Debre Berhan,
cover farm input/outnut patterns, house-
hold consumption, cash sais, off-farm income,
farm inventories, livestock productivity and
market prices. The survey resu'ts are also
used by the team to improve its und=rstand-
ing of the farming systems in the zone a~d to
focus its component research on the most .-
portant constraints,

Dairy crossbreds

An early improvement introduced by ILCA
was that of small-scale dairying. The pack-
age comprised a crossbred Boran x Friesian
cow fed on oats/vetch forage, and the use of
fertiliser and improved seed for cereal crop-
ping. Crop yields increased and allowed a re-
duction in the food crop area, thus releasing
land for growing forage. The package was
first introduced to 18 farmers at Debre Zeit
in 1978. Results to date indicate average
yields of oats/vetch mixtures of 4 t DM/ha,
and average milk yields of 2500 kg/year.
Crop yields for these test farmers were 40%
above those of control farmers, and net cash
income rose from US$ 200/year to US$ 800/
year.

During 1982 the team extended this pack-
age to another 16 farmers 2t Debre Zeit and
to 20 farmers at Debre Berhan. Some of these
farmers have better access to a liquid milk
market than others; thus the team will be
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New frontiers in livestock technology

Biotechnology is making rapid advances in
many areas of agricultural science. In animal
breeding, embryo transfer is now almost a rou-
tine procedure, while the manipulation of em-
bryos to create genetically modified animals is
being attempted, as is the cloning of embryos to
produce a series of animals of identical genotype.
Although the genetic engineering of animal
tissue is a highly exacting lechnique, notable
advances are currently being made, mainly in
laboratories in the developed countries. ILCA is
Sollowing these activities with keen interest in
relation to their potential use in improving live-
stock production in Africa.

Monoclonal antibody production now makes
it possible to identify genetic markers associated
with key animal production traits. ILCA is par-
ticularly interested in identifying genetic charac-
ters that may be associated with trypanotoler-
ance. The techniques involved are complex and
expensive, and at this stage ILCA’s role is mere-
ly that of onlooker, keeping a watchful eye on the
Dpioneering work of laboratories with an estab-
lished capability in this field, such as the Inter-
national Laboratory for Research on Animal

Diseases (ILRAD), Nairobi. The use of mono-
clonal antibodies to improve diagnostic proce-
dures in animal health investigations is also a
most important advance, of great potential value
to ILCA’s work.

In animal nutrition ILCA is particularly
concerned with the role of legumes as a critical
source of supplementary protein for African live-
stock during the dry season. Genetic engineering
to adapt key legume species to difficult environ-
menls, together with genetic modification of the
microbial rhizobia species associated with these
legumes, are new research fields of considerable
interest to ILCA.

Assessing intake in free-grazing animats,
measuring nutritional balance in livestock under
various management conditions, diagnosing the
reasons for low reproductive performance and
clarifying the interactions among the different
causes of young stock mortality ~ all these are
Sfields in which ILCA is working and where
Surther technological advances would help re-
solve the constraints on increased livestock out-
put in Africa.

able to examine the impo;ance of market
access in the adoption of dairying.

Future activities

A dairy technology study will begin in 1983
which will examine the techniques for pro-
cessing milk into products such as hard
cheese and ghee, which ate more marketable
than liquid milk in areas far from towns. A
small dairy unit, using low-cost technology,
will be operated at Debre Berhan where this
study will be centred. The project is support-
ed by the Irish Government and construc-
tion of the unit began in 1982. This research
will be closely linked with the programme’s
forage production studies on smallholder
farms keeping crossbred dairy cows.

In 1983 the team will begin to assess the
production potential of indigenous sheep
grazing improved pastures at Debre Berhan.
The productivity oflocal flocks in this area is
comparatively low. The team is therefore
planning a set of trials with some 1000 ewes
to investigate the performance of flocks under
a variety of management regimes.

A 2-year cooperative trial on animal trac-
tion with the IAR and ARDU will start in
1983. A common design has becn developed
for this trial on the threc major soil types
found in Ethiopia. The trial will provide de-
tailed information on the benefits of im-
proved implements and different ox breeds
throughout the highland zone.



Introduction

The subhumid zone of West Africa, shown in
Figure 1, covers 1.3 million km? of savanna.
With its low population density (20 persons/
km?), a mean annual rainfall of 1000-1500
mm and a growing season of 180-270 days,
this region is attracting migrants from both
the congested humid zone to the south and
the arid pastoral grounds to the north. Only
small parts of the zone are currently under
cultivation, but if heavy in-migration per-
sists at its present rate then all the available
arable land will be cropped by the end of the
century.

Throughout this zone livestock output is
seriously constrained by the poor quality of
fodder available during the dry season. This
prime constraint has been the focus of
ILCA’s Subhumid Zone Programme since it
was established in northern Nigeria in 1978.
Seven scientists, backed by two part-time
consultants, are investigating methods of in-
creasing the supply of high-quality fodder
during the dry season in two areas south of
Kaduna: Abet and Kurmin Biri.

The two study areas are the same size
(2500 km?) and both contain arable farmers
and Fulani agropastoralists. The sedentary
arable farmers cultivate sorghum, millet,
maize and a wide range of other crops, for
both consumption and sale, and generally
rear a small herd of goats. The central activi-
ty of the agropastoralists on the other hand is
livestock production, cropping being of
lesser importance. Their herds of Bunaji
(White Fulani) cattle averaging 50 head in
size, together with smaller flocks of sheep,
graze natural pastures throughout the year
and crop residues after harvest. In the dry
season the arable farmers pay the Fulani to
corral their animals overnight on individual
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farm plots where they drop their manure, a
practice which helps to maintain soil struc-
ture and fertility. The Fulani prefer to sell
sheep rather than cattle, sales of the latter
occurring only when animals are incurably
diseased or in order to finance a major ex-
pense.

The human population density at Kurmin
Biri is 12/km?, while at At et it is 70/km?, re-
sulting in considerable iuteraction between
the two ethnic groups in the latter study
areca. One mode of interaction is the ex-
change of goods and services, the Fulani sel-
ling milk and manure to the arable farmers
or bartering them for grain and the right to
graze crop residues. A second mode is the
control of land rights, these being temporari-
ly granted by the arable farmers to the Fula-
ni. The result of these two separate interac-
tions is an interdependency between the two
groups. ILCA’s studies of land tenure and
traditional authority structures have re-
vealed no rising trend in conflicts over land
allocation or crop damage by livestock, and
it appears that the two groups are co-existing
peacefully.

In the sparsely populated area of Kurinin
Biri the state government has established a
30 000-ha grazing reserve where Fulani may
settle, graze their herds and cultivate sub-
sistence crops without the prior consent of
arable farmers. Land security is therefore
greater, and technical change may proceed
more smoothly here than in Abet. But be-
cause the role of grazing reserves in national
terms will always be relatively small, the re-
search at Abet, although more complex,
stands to yield greater dividends.

A diagnostic survey, started in 1978, re-
vealed the effect of poor-quality fodder on
cattle production. For 5 months of the



year protein intake was insufficient to meet
even maintenance requirements, and cattle
liveweight fell by some 15% during the dry
season. From the start the programme has
therefore had one central aim - to find a way
of producing forage legumes appropriate to
the agropastoralist in terms of his resources
and objectives. This would enable agro-
pastoralists to establish and maintain plots
of forage legumes to feed to in-calf and lac-
tating cows after crop residues have been
exhausted. It is this target group within the
herd whose protein deficit is most debilitat-
ing and where improved nutrition will gen-
erate the greatest benefits: increased milk
offtake for human consumption, higher calv-
ing rates, improved calf survival and faster
calf growth.

The team set out to show agropastoralists
the benefit of rationing scarce feed resources
to selected animals. They were encouraged
to feed cottonseed cake to in-calf and lactat-
ing cows only, instead of feeding it sporadi-
cally and unsystematically to the whole
herd, which was the general practice.

Milk yield and other production parame-
ters improved when rationing was practiszd,
and this encouraged some agropastoralists
to adopt the concept. This first phase of the
programme is continuing under the aegis of
the National Smallholder Dairy Scheme and
is currently being monitored by the ILCA
team. The acceptance of rationing is crucial,
since it is essential for the efficient utilisation
of forage legumes, the introduction of which
forms the second phase of the team’s re-
search, This two-phase approach to the suc-
cessful introduction and utilisation of forage

legumes has been accepted by the extension
services and has formed the basis of an ex-
tension film made by the Livestock Project
Unit of the Federal Livestock Department.

Descriptive studies
Herd monitoring

Since 1979 45 local herds, comprising sorne
1600 cattle, have been closely monitored to
determine herd structure and productivity
as a baseline for the evaluation of interven-
tions. I[nitial analyses have revealed a low
level of productivity in traditional systems: a
calving rate of 49%, a mean milk yield of 0.7
litres/day and a mean calf weight at one year
of 86 kg. A bimodal pattern of calving was
evident, reflecting higher conception rates in
the early wet season, and also directly after
harvest when crop residues are most readily
available. This survey will continue during
1983 but at a reduced level of data collection.

Small ruminant studies

In both Abet and Kurmin Biri small rumi-
nants are common, with Fulani households
owning up to 10 sheep and arable farmers
generally keeping a few goats. In January
1982 the tearn started to record the produc-
tivity of approximately 200 sheep and goats
to identify the main constraints on output -
currently thought to be either a high level of
disease or inadequate nutrition.

Health surveys

Tick-borne diseases. The seasonality of tick in-
festation in Kurmin Biri has been studied
since January 1982. From December to
April tick numbers were low, but they in-
creased sharply in June with the onset of the
rains. Numbers of all species except Ambly-
ona spp declined rapidly after only 2 weeks of
the rainy season and studies revealed that
children were removing ticks from cattle by
hand. If these children begin to attend
school, an acaricide spraying programme
may be necessary as an alternative form of
control. :

Brucellosis. With the assistance of the Nation-
al Veterinary Research Institute at Vom, the
tear., started brucellosis testing in 1982. Six-
teen herds have so far been examined using
the milk ring test; positive responses were
observed in two herds, five were inconclusive

7



while nine were negative. Serological tests to
identify infected individuals are now in pro-
gress.

Sociological studies

Earlier work at Abet on land tenure and
authority structures had suggested that the
fencing of plots - essential for the manage-
ment of forage legumes but hitherto un-
known in the area - was not likely to arouse
the hostility of the arable farmers, provided
that local authorities had been consulted
beforehand. During 1982 four plots were
fenced in Abet for the cultivation of Stylo-
santhes in fodder banks without opposition
from arable farmers. However, the reaction
of arable farmers may well change with in-
creasing numbers of such fodder banks in
any one district. The recording of farmers’
opinions over time and with increasing
numbers of fodder banks is essential for as-
sessing the potential uptake of this innova-
tion in different situations.

In 1982 a survey was conducted to find out
how resources and income were controlled
within households, since it is important to
direct interventions towards those responsi-
ble for the relevant decisions. The study
showed that Fulani women often own some
animals or hold them in trust for their child-
ren. Extension efforts should therefore be di-
rected towards women as well as towards
men.
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A further study - on the spatial settlement
of pastoralists in Abet - was started in 1982
to find out why the Fulani settled in particu-
lar places and how their grazing rights were
defined.

Assessment of crop residues

Earlier studies on grazing behaviour had in-
dicated the important role played by crop
residues in livestock nutrition. During 1982
the team measured crop yields and the nutri-
tive value of residues from 64 fields. Mean
grain yields of sorghum and millet were 950
and 770 kg/ha respectively. Table 2 gives
residue yields and their nutritive value for
these two important cereals.

Table 2. Vield (Uha) and nutritive value (% DM) of
sorghum and miliet residues near Kadu-
na, northern Nigeria.
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Although the stems comprised the greater
part of the DM, their crude protein and min-
eral contents were inferior to those of the
leaves. A fruitful avenue for research would
be the assessment of leaf to stem ratios in
other sorghum and millet cultivars, with the
selection and field testing of those lines with
the greatest proportion of leaf and the high-
est nutritional value of the residue.

The team is studying the nutritional im-
portance of the immature grain remaining in
heads left in the fields after harvest, together
with simple storage methods that will allow
residues to be fed to livestock later in the dry
season.

Study of mineral status in soil, plants
and animals

Yields of Stylosanthes spp were occasionally
low, even with the application of fertiliser. A
12-month study to determin= nutrient status
throughout the production chain thcerefore
began in October 1981. A final report will be
issued in early 1983 which will identify any
mineral deficiencies that are likely to affect
plant and/or animal output.

Designing improvements
Dry-season fodder

Studies at both Abet and Kurmin Biri have
shown that during the growing season very
little surplus labour is available. If agropas-
toralists are to be able to grow forages, either
labour must be saved within the present sys-
wm or low-labour methods of forage man-
agement must be found.

For dry-season forage the team has fo-
cused on Stylosanthes spp, as this genus per-
forms well in the subhumid zone. In 1982 the
team continued to examine ways of produc-
ing Stylosanthes on both cropped and fallow
land with minimal labour requirements.

1. Productivn on cropped land. Sorghum is the
first crop to be sown by agropastoralists and
the team examined the practicality of under-
sowing Stylosanthes into a sorghum stand.
The date of undersowing was found to be
critical for the yield of both crops. High
yields of Stylosanthes with little reduction in
sorghum vyields were obtained when the
former was undersown 3 to 6 weeks after
sorghum establishment. Results from these
trials are shown in Figure 2. Sorghum yields
in the trial were substantially higher than

those recorded on farmers’ plots because im-
proved cultivars and fertiliser were used.

Figure 2. Effect of time ot sowing on yields of
sorghum grain and Siylosanthes DM
near Kaduna, northern Nigoria.

Yield
(Uha)

0 3 6 9
Stylosanthes plenting (weeks afier sorghum)

The undersowing of Stylosanthes into a
stand of sorghum is tecl.nically attractive,
but the desired date of undersowing coin-
cides with a period of high labour demand
for weeding This technique may thus prove
unattractive for agropastoralists.

2. Production on fallow land. Of greater prom-
ise is a low-labour method for establishing
Stylosanthes on fallow land. Seed is sown on
fenced land that has been trampled by cattle
at the start of the rains, thus avoiding the
need to cultivate by hand. Later the herd re-
turns to graze the fast growing native grasses
which compete with the legume seedlings.

Five such fodder banks were established
in 1981. The sudsequent response from
agropastoralists was gratifying and an addi-
tional 16 were set up during 1982. Two of
these were sown without inducement or
technical assistance from ILCA.

The performance of these fodder banks
has been very encouraging: yields and nutri-
tional value of three of the earlier banks dur-
ing their first dry season are given in Table 3.

The CP content, which fell to a minimum
of 6% DM, was consistently superior to that
of the native pasture at comparable times
during the dry season. The team is currently
monitoring the performance of some 200
cows that agropastoralists are rationing on
fodder banks.
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Table 3. Yield and compeosition of forage available In three fodder banks during the dry season (1981/82)

near Kaduna, northern Nigeria.

To derive the probable benefit of the nitro-
gen fixed by Stylosanthes and t» avoid the pre-
mature ploughing-in of Stylosanthes by
farmers anxious to reclaim their land for
growing their owa crops, research has been
conducted on the transplanting of sorghum
and millet seedlings into swards of Stylo-
santhes. The transplanting of cereal seedlings
from a nursery is already practised in the ex-
isting farming system as a technical adapta-
tion to the shortage of labour: seedlings are
transplanted throughout the growing season
as land is cultivated. The team found that
yields of sorghum transplanted into Stylo-
santhes stands were some 20 to 30% lower
than those obtained in pure stands, but that
labour input was only two thirds the require-
ment for conventional ridge planting. Re-
turns to labour were therefore higher.

A second method of incorporating forage
legumes into the cropping system lies in the
rotation of cropped plots within the forage
stand. However, this method is in its earliest
stages of research and, like the transplanting
of cereals, requires further investigation.

Legume screening

Some Stylosanthes cultivars have been slightly
damaged by the plant fungal disease an-
thracnose, and there is a danger in relying
entirely on one legume genus alone. A
screening house was constructed during the
year and 68 accessions of seven different leg-
ume genera were received. These lines are
currently being multiplied and screening
will start in 1983,

Crossbred cattle

The use of exotic x native cattle by tradition-
al pastoralists may become feasible if forage

legumes are available to improve their nutri-
tion during the dry season. In 1981 a small
number of Friesian x Bunaji cows were intro-
duced into local herds for observation during
1982. Initially, tick-borne diseases were a
problem as the cows were unused to de-
ticking by hand and had little natural im-
munity. However, these diseases have now
been brought under control through a com-
bination of chemo-immunisation and acari-
cide «praying. The virus disease dermato-
philosis (Dermatophilus congolense) is now the
major disease problem and has so far caused
two cows to be culled. Assessment of the per-
formance of crossbreds will continue
through 1983, using Bunaji cows under iden-
tical conditions as controls.

Calf helminthiasis

As is to be expected in sedentary herds, hel-
minth infection is high: 40% of 94 calves
sampled had faecal egg counts in excess of
400/g of faeces during August and October
1981. A trial on the strategic control of hel-
minths in 30 local herds began in April 1982.
Two groups, each of 60 calves, were treated
with anthelminthics either twice or five
times annually and their growth rates com-
pared with a control group. The trial will
continue until January 1983.

Technical cooperation

The team maintained close contact with the
National Animal Production Research Insti-
tute (NAPRI) at Zaria and with the regional
agencies of the Federal Livestock Depart-
ment (FLD). The study of mineral status in
soil, plants and animals was conducted by a
visiting scientist from Ahmadu Bello Uni-
versity, Zaria, where the chemical analyses



were conducted. A veterinary pharmacolo-
gist from the same university, studying tra-
ditional anthelmintics, assisted the team in
its helminthiasis trials. Land and staff were
made available to the team by the Kaduna
State Ministry of Forestry and Natural Re-
sources. The National Veterinary Research
Institute at Vom conducted brucellosis test-
ing and made post-mortem results available.
With support from the Livestock Project
Unit (the development agency of FLD) and
staff from NAPRI, the ieam ran a course on
fodder production and pasture evaluation
for extension staff and took. part in a work-

shop on pastoral development. During 1983
the team will assist in the training of staff for
a livestock systems study project at NAPRI.

Future activities

The multidisciplinary research programme,
with its central objective of overcoming the
shortage of high-quality dry-season forage,
will concentrate on the management of
fodder banks, with some component re-
search on specific aspects of forage produc-
tion. It will also study the production, stor-
age and utilisation of crop residucs.

1



The Humid Zone Programme in N igeria

2

Introduction

Much of the low-lying coastal belt of West
Africa lies within the humid zone. The high
annual rainfall (more than 1500 mm) and
high mean temperatures (27-32°C) of this
region combine to raise the relative humidity
to 80-90%. The zone covers some 2 million
km? and is shown in Figure I.

The vegetation of the humid zone is most-
ly tropical rain forest, with derived savanna
in the less humid areas in the north. In the
forest area tree crops such as cocoa, coconut,
palm oil and rubber are important sources of
cash for the farmer, and in those countries
with a high rate of urbanisation, crops which
were traditionally grown only for subsist-
ence, for instance yam and cassava, are now
important cash crops also. A similar trend
has occurred in the derived savanna areas,
with maize now rivalling cotton and ground-
nuts as a source of cash for the farmer. Since
the entire zone is infested with tsetse fly, live-
stock production is limited to thosc breeds
that are trypanotolerant. The size of sheep
and goat flocks varies markedly, modal size
being about three although flocks of up to
200 are kept in some areas. Cattle keeping is
of minor importance because of the low tol-
erance to trypanosomiasis of most breeds;
despite this, African livestock rescarch in
this zone has historically concentrated on
cattle to the virtual exclusion of sheep and
goats. Thus when ILCA established its
small ruminant rescarch team in the humid
zone in 1979, few Lase studies existed.

The humid zone team of five scientists is
based at Ibadan in the forest zone of south-
west Nigeria. The Oyo State Government
has made 40 ha of land available at F ashola,
in the derived savanna 60 km - orth of Iba-
dan, where smallstock are bred for experi-

mental trials. Village work is conducted in
the vicinity of Ibadan, in southeastern
Nigeria and also in Ghana. Laboratory and
computer analyses are performed at the
International Institute of Tropical Agricul-
ture (IITA, Ibadan), where the team has a
16-ha experimental plot and office facilities.

During 1982 the team completed a
number of surveys and started several new
ones in order to understand the traditional
systems of livestock production in greater
depth. The team also started a series of agro-
nomic and animal nutrition trials and con-
tinued to cvaluate the small ruminant health
package that it had earlier introdu:ced into
several villages near Ibadan.

Descriptive studies
Prevalence of tsetse fly

A study to assess tsetse fly challenge was
started in October 1982. Fly traps were set
up to determine the number and species of
tsetse fly at four locations near Ibadan. By
the end of the year no flies had been detected
at the Badeku village site in the forest zone.
Trapping will continue at monthly intervals
in order to assess the seasonality of tsetse in-
festation.

Occurrence of internal parasites

A continuing veterinary survey is examining
the occurrence of endoparasites in 850 goats
and 150 sheep in two villages near Ibadan.
Few small ruminants were found to be in-
fected with trypanosomes, but in those that
were, blood counts of Trypanosoma vivax were
high. The consequences of such high blood
counts are now being studied, particularly
the possible depressive effects on productivi-
ty of trypanotolerant stock.



Three major types of worm ¢gg were iden-
“tified in the samples: Strongylus, Strongyloides
and Moniezia. A few Coccidia ova were also
seen, Of these Strongylus, Moniezia and Cocci-
dia are the most imj ortant in terms of poten-
tial effects on productivity. However, clinical
coccidiosis was not common. Strongyloides
counts were considerably higher in the forest
zone among sheep in the late wet season,
whereas the incidence of Strongylus fluctuated
considerably and showed no clear trend. Mo-
niezia counts were also higher in sheep and
appeared to reach their highest levels in the
late dry season.

Occurrence of viral diseases

A second veterinary survey, using the same
village animals as above, was started in 1962
to study viral diseases in small ruminants.
Blood samples were analysed serologically
for the presence of viral antibodies. Results
have shown infrequent occurrence of anti-
bodies to bovine virus diarrhoea, foot-and-
mouth disease and adenoviruses, but many
reaciors to peste des petits ruminants (PPR) and
bluetongue. Although no clinical signs of the
latter disease were observed, antibodies
were detected in 69% of the blood samples.
Outbreaks of PPR are common throughout
the zone and mortality is high.

This survey of the major diseases is in its
preliminary stages, but together with the
other disease studies described above, it will
provide the team with a complete disease
picture by the end of 1983.

Diseases in goats

To assess the incidence of goat diseases the
team is monitoring village flocks in the de-
rived savanna. The results from the first 5
months of monitoring were consistent with
those from Eruwa, another site in the de-

rived savanna previously studied by ILCA:-

a high incidence of ectoparasitic infestations
accounting for 39% of recorded morbidity.
Trypanosomiasis (T. vivax) and helminthia-
sis were the most important single problems,
accounting for 17 and 13% respectively of all
diseases recorded. It is already clear that
trypanosomiasis appears most frequently in
adults under stress. PPR was observed in
only one area, where it was the major dis-
case. Tuis study will be completed in early
1984.

i ',/,
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Studies of intensive livestock husbandry

During 1982 the team received a grant from
the Nigerian Federal Government which al-
iowed research to be extended to southeast-
ern Nigeria. In this densely populated area,
sheep and goats are commenly housed and
handfed on natural forages - a practice that

. contrasts strongly with the more usual iree-

range form of husbandry. This monitoring
programme will identify any disease and
nutritional problems occurring in this more
intensive livestock production system.

Livestock marketing

Since July 1981, retail meat prices have been
monitored in one urban and three rural
markets near Ibadan. Prices varied through-
out the year but were highest from August to
September, reflecting an increased demand
for the Muslim festivals of Id-El Fitri and Id-
El Kabri. Rural prices were generally slight-
ly higher than those in the urban market,
northern animals were higher priced than
southern, and sheep higher priced than
goats. The latter were generaily available
throughout the year.

Mineral content of forage and browse

During 1982 the chemical analysis of 343
samples of forage and browse commonly
caten by village sheep and goats was com-
pleted. The mean nitrogen content (2.91%
DM) and that of magnesium (0.45% DM)
were adequate for all classes of stock. Phos-
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phorus content averaged 0.23%, which may
be insufficient for pregnant and lactating
animals, and was only 0.18% in dry-season
grasses. The high potassium content
(3.16%) may affect the efficient utilisation of
sodium, the concentration of which was only
631 ppm. The generally high iron content
(over 800 ppm) may depress the uptake of
copper and manganese. There were no im-
portant differences betwecn zones or sea-
sons. Based on these results, a supplemen-
tary feeding study is proposed ir. order to
confirm the plant mineral concentrations at
which dwarf sheep and goats respond to sup-
plementation.

Animal productivity studies

A further year’s data (March 1981- March
1982) has been added to the original baseline
data set, giving a total of 3.5 vears’ data on
animal productivity. Over 3300 animals
have been included in the survey, which cov-
ered sheep and goats in forest and derived
savanna villages.

Overall productivity was estimated using
an index of total weight of weaned offspring
per year per kg of dam metabolic weight.
Zone nad relatively little effect on the major
components of the index. A zonal effect was
apparent only in kid daily liveweight gains to
90 days, with forest and derived savanna
kids gaining 38 and 33 g/day respectively.

Analysis showed no clear seasonal pattern
for lambing and kidding. Likewise, no clear

pattern was observed in the monthly varia-
tion in dam weights at parturition. Goats
had an annual reproductivs rate of 2.2 kids/
year/doe compared with 1.5 lambs/year/
ewe. However, sheep were significantly
more productive than goats, with indices of
1036 and 742 respectively'. The difference in
productivity between species is attributable
to the superior iiveweight gains recorded for
sheep compared with goats, 74 and 35 g/day
respectively.

Designing improvements
Browse as fodder

The potential value of browse as high-
quality fodder during the dry season is well
recognised and the team has concentrated
on ways of integrating browse species into
existing farming systems. Thus in 198! the
team began a series of studies on ihe feasibil-
ity of alley cropping, an experimental system
in which crops are sown between rows of
leguminous browse (Leucaena leucocephala and
Gliricidia sepium), to be grazed by sheep or cut
and fed to goats. Some of the trials currently
in progress are short-term, while those inves-
tigating the effects of such systems on soil fer-
tility are planned for a longer time scale, in
some cases up to 10 --sars.

In one of the short-term trials started in
1981, first maize and then cassava was plant-
ed between rows consisting of both Leucaena
and Gliricidia. During 1982 sheep grazed the



natural fallow and the leguminous browse.
While the Leucaena trees withstood heavy
grazing, those of Gliricidia suffered severe
damage. The Leucaena had been established
from seed, whereas the Gliricidia had been
grown from stakes. Subsequent studies have
shown that Gliricidia established from seed
has a deep tap root, in contrast to the shallow
rooting system of Gliricidia grown from
stakes.

Feeding value of Gliricidia and Leucaena

Twelve ewes maintained good condition
when fed on a ration consisting of two thirds
Gliricidia over 4 months during the dry sea-
son. Leucaena was fed to sheep and goats in
various proportions of the diet. Signs of
mimosine toxicity appeared within 6 wecks
in sheep fed a diet containing more than
60% Leucaena. No signs of toxicity were ob-
served in goats, but they needed up to 10
weeks to adapt to these diets. It is evident
that these browse species are most suitable
for use as a supplement to a basic pasture
diet rather than as the major feed source.

Forage screening studies

A collection of Gliricidia lines was made in
the Ibadan-Oyo-Ife area and a nursery con-
taining 40 accessions established at IITA.
These accessions will be evaluated for varia-
tion in gross morphology, flowering and seed
characters, and used as a guide for furiher
collections of this species.

The present browse work needs to be sup-
plemented in order to provide other options
in situations where alley cropping is less ap-
propriate and where the two species presently
used are unsuitable. The browse evaluation
nursery established in 1981 was expanded
with the addition of 30 new accessions in
1982. Entries established in 1981 have been
managed in a variety of ways in an attempt
to ascertain their potential use as intensively
managed browse species. To date, no entry
has appeared as productive or manageable
as Leuraena and Gliricidia.

Living fence

The team has successfully developed a living
fence utilising Leucaena. When small rumi-
nants are fitted with neck yokes this fence is
impenetrable, providing smallholders witha
fence that is both cheap and easy to main-
tain.

Evaluating interventions

The monitoring of some 3300 small rumi-
nants over different periods between late
1978 and mid-1982 has enabled the team to
assess the productivity of flocks under village
conditions. In April 1980 a veterinary pack-
age consisting of Tissue Culture Rinderpest
Vaccine (TCRV) against PPR and mange
control through dipping was introduced by
the team into the survey area. Data analysed
so far suggest that the package improved kid
survival rate from 67% to 86%, while the
weight of young surviving to 90 days per kg
of doe metabolic weightincreased from 665 g
per year to 819 g per year. Itis still not clear
whether these treatments are profitable, and
the team is therefore undertaking village
trials to compare the performance of treated
animals with that of control groups.

Future activities

The main research themes will be continued
so that the full potential of alley cropping can
be appraised. The team will also und-rtake
alley cropping research on acid soils and in
the intensive systems of southeastern Nige-
ria. In addition to their role as-a source of
dry-season fodder, browse species may also
have potential as mulch in the cultivation of
crops. The team will therefore investigate
the agronomy and economics of these alter-
native uses for leaves of browse trees. Four
different rates of mulch application to maize
and cassava plots will be compared for their
effects on crop yield, soil fertility and soil
structure.

It is proposed in 1983 to start a limited
herbaceous legume and grass screening
project. Only a small number of “best bet”
species will be evaluated for use in particular
environments and management s;’stems.
Much of the team’s germplasm has been
shared with the Forage Legume Agronomy
Group at ILCA headquarters as part of the
centre’s strategy to provide a strong core of
legume germplasm.

Technical cooperation

During 1982 links were established with the
University of Ibadan to undertake joint
studies on the control of PPR through vac-
cination. The team worked closely on alley
cropping research with 11TA, and main-
tained the cooperative agreement with this
institute whereby ILCA has access to labor-
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A Workshop on Pastoral Systems Research in
Sub-Saharan Africa was held at ILCA head-
quarlers from March 21 to 24 1983. The work-
shop was attended by participants from many
national programmes and universities in Africa,
and focused on ILCA’s approach to livestock
systems research in pastoral regions.

Livestock systems research at ILCA is based
on a farming systems research philosophy and
seeks to:

— understand all components of a given  farming

System;

— identify the constraints to agricultural pro-
duction within that system;

— design and carry out research aimed at remoy-
ing those constraints;

= lest polential improvements through on-farm

(or on-range) trials;
~ monitor the adoption of the improvements.

The process is iterative, and there is overlap
between its different stages. For example, infor-
mation from the testing and extension stages is
Jed back into the design of improvements to the
System.

Livestock systems research at ILCA is car-
ried out by multidisciplinary teams of scientists
in which generalists are backed up by specialists
in all fields of livestock research. The identifica-
tion, testing and assessment of improvements is a
team effort.

ILCA’s spstems approacr: to research has
evolved from programmes which began in 1976
in Mali, Kenya and the Ethiopian rangelands,
in 1977 in Botswana and the Ethiopian high-
lands, in 1978 in the subhumid zone »f Nigeria
and in 1979 in the humid zone of Nigeria. It em-
braces the following stages:

1. The diagnostic stage

The diagnostic stage includes the description of
the existing livestock system in order to deter-
mine the environmental, technical, economic and

ILCA’s approach to livestock systems research

social context in which improvements are to be
sought. This descriptive process, coupled with
continuoi' analysis of data, leads to the identifi-
cation of constraints to improved livestock pro-
duction in the system.

2. The design stage

Potential improvements are then designed, and
their likely impact on the natural environment
and on the welfare of different social groups is
assessed. How quickly an improvement will be
adopted is also determined, through th: nore de-
tailed study of social and economic corstraints.
Research sites are selected as representative of
the target area for improvement. Research on the
different components of the system is then carried
out, taking into account the other features of the
overall system. At this stage trials which are
both managed and carried out by the researcher
may be made on the research station.

3. The testing stage

The improvements designed in stage two are then
tested in trials carried out by producers in the
target area. Initially these trials are managed by
the researcher, but subsequently by the producer
himself. Comparisons are made between enter-
prises testing the improvements and those using
traditional methods in order to evaluate the im-
provements and assess producers’ acceptance of
them. There is continuous feedback between the
different stages of testing so that adjustments
can be made where appropriate.

4. The extension stage

Improvements which have proved successful in
trials which were both managed and carried out
by the farmer can then be presented for adoption
through national extension services. Adoption is
closely monitored so that changes in the system
can be taken into account in subsequent diagnos-
tic stages to ensure the relevance of subsequent
research.

atory and computing facilities and experi-
mental plots.

Financial support

During the year the team received special
funding from three sources: the Internation-
al Development Research Centre (IDRC)

for the alley cropping research, the Ford
Foundation for technical training and eco-
nomic studies, and the Federal Government
of Nigeria for the studies of pneumonia and
PPR, the surveys in southeast Nigeria, the
serological analyses and the establishment of
ILCA’s veterinary laboratory at Ibadan.



In West Africa the arid zone is delineated by
the 100 mm and 600 mm isohyets, while the
semi-arid zone, lying directly to the south,
extends to the 1000 mm isohyet. In both
these zones rainfall is unimodal, falling
mostly during August in the northern limits
of the arid zone, while at the southern boun-
dary of the semi-arid zone the rainy season
lasts 4 months from July to early October.
Figure ! shows the location of these two
zones together with that of the Sahel, which
receives 200-600 mm rainfall and therefore
constitutes the southern belt of the arid zone.

Of the five countries covered by the arid
and semi-arid zones in West Africa, Mali
supports the highest livestock population. In
1976 1L.CA signed a cooperative agreement
with the Institut d’Economie Rurale at Ba-
mako and began to study various livestock
systems in Mali representing the two main
types existing in the two zones, namely pas-
toralism and agropastoralism.

The example of the pastoral type of live-
stock system chosen for study by ILCA is
that of the Fulani transhumants, who mi-
grate from the floodplains of the inner Niger

Research on pastoralism

Introduction

The 54 000 km? Niger delta constitutes an
invaluable source of dry-season fodder, not
only for the livestock population permanently
within or around it but also for transhumant
herds migrating toit from the north, east and
southwest. From late July to early December
much of the delta is flooded. Transhumant

The Arid and Semi-arid Zones Programme in Mali

delta to Sahelian pastures in northern Mali
and Mauritania. Itis representative of trans-
humant systems that exploit alluvial flood-
plains or lakeshores and their surrounding
Sahelian pastures, which are found in Sene-
gal, Mauritania, Niger, Chad and Sudan.
The Niger delta consists of two separate
components: one which is flooded each year
is known as the “live” delta, while the other,
which is no longer subject to annual flood-
ing, is known as the “dead” delta.

Two variants of agropastoralism are dis-
tinguished according to the source of fodder
available during the dry season: one is based
on millet residues, the other on rice residues.
The former predominates throughout the
semi-arid zone of Africa, while livestock pro-
duction using rice residues occurs in irrigat-
ed areas and where the water table is high.
The agropastoral team is studying examples
of the millet subsystem at three diffcrent lo-
cations near Niono, while research on the
rice subsystem is conducted in a rice scheme
run by the Office du Niger, the national
authority responsible for the development of
the river basin.

groups, however, begin to arrive on the
banks of the delta as early as October to
await permission to cross, and in this transi-
tion zone fodder is particularly scarce. Once
herds have crossed the Diaka river (a bifur-
cate of the Niger lying to its wcst), their sub-
sequent transhumance within the delta as
the flood waters recede is, in theory, strictly
controlled under the juridical code estab-
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lished by Sheik Amadou, the founder of the
Fulani theocratic empire of the 19th century.
It is estimated that, at the height of the dry
season, nearly 1 million cattle and 1.5 mil-
lion small ruminants graze the pastures of
the delta,

Since 1976 ILCA has conducted research
not only into aspects of the delta itself but al-
so into the complex system of which the delta
is the major component. Research has cov-
ered the ecology of both the delta and the
surrounding upland Sahel, as well as the
management and productivity of a group of
Fulani-owned herds that exploit both these
sources of fodder. Within the delta itself the
highly complex juridical code governing ac-
cess to pasture has been studied in great de-
tail. The ecological, juridical and livestock
research was conducted in cooperation with
the Office du Développement de I’Elevage
dans la Région de Mopti (ODEM), to which
ILCA was under contract from November
1980 until November 1982.

Descriptive studies
Ecological studies

The team’s research has furnished a thor-
ough understanding of the ecology and pro-
ductivity of both deltaic and upland pas-
tures. In the delta, ouput varies with pasture
type but lies between 2 and 25 t DM/ha.
Much of this standing biomass consists of
mature herbage with a low leaf to stem ratio
and is consequently of poor nutritional
value. High-quality herbage containing

more than 60% digestible energy comprises
only 10-30% of the grazed biomass, and the
supply of fodder containing over 7.4% crude
protein rarely exceeds 400 kg DM/ha/year,
although at certain times of the year some
pastures yield more than 3000 kg DM/ha/
year. Growth periods in the delta extend
over much of the year, in contrast to the sea-
sonal development of the Sahelian pastures,
the production of which rises to a peak and
then falls away sharply.

The majority of the species found in the
upland Sahelian pastures are annual grasses
such as Schoenefeldia gracilis and Cenchrus biflo-
rus, and tree species, in particular Acacia seyal
and Plerocarpus lucens. Herbage growth be-
gins in late June to early July and provides
from 300 to 1200 kg DM/ha. Leaf produc-
tion of most browse species starts well before
the rains and continues into the dry season,
when the grass component has dried out.

Cartography

As a sequel to its earlier cartographic studies
of comparative land use and zonal ecology,
in 1980 the team began the detailed mapping
of the entire live delta. This was completed
in 1982. The aim was to providle ODEM
with a detailed analysis of the delta’s resour-
ces so that a management plan for cropping
and grazing could be formulated. Thirty
map sheets were drawn at a scale of 1:50 000,
each of which depicted existing vegetation
ecotypes and potential carrying capacities.
The former were determined from ground
truthing, in conjunction with aerial photo-
interpretation. Corresponding to cach eco-
logical map is an equivalent juridical map
indicating access to pastures as established
by the traditional code of control. The team
is currently engaged in mapping the dead
delta and, with the completion of this phase
in March 1983, the ecological resources of
the entire study area will have been mapped.
Figure 3 shows these areas, while Table 4
gives details of the maps produced.

Table 4. Maps produced of the pastoral study
area In central Mali.




Livestock studies

ILCA began research on livestock produc-
tion in January 1979 by studying a group of
Fulani transhumants based at Diafarabe in
" the delta and herding some 1400 cattle. Re-
search has revealed the complexity of cattle
ownership: while the herder himself pos-
sesses some cattle he is by no means the sole
owner, additional cattle in his charge being
owned by farmers, traders, fishermen, civil
servants and other members of his ethnic
group. In addition, herd management is es-
pecially complex, cattle being continuously
re-allocated to groups and subgroups, each
of which receives separate treatment. The
two main groups are the garti and the bendi.
The garti comprises the majority of dry and

6°00W

in-calf cows, young bulls and heifers, some
older steers, a few breeding bulls and some
lactating cows to furnish the herders with
milk for consumption and barter while en
route to the dry-season pastures. The bendi
group consists of most of the lactating cows
and a few heifers, steers and breeding bulls.
This group remains in the village during the
annual flooding of the Niger delta before
going on a short transhumant trek of about
100 km into the upland pastures of the Sahel.
There it joins the returning garti, and the two
groups cross back into the delta together at
the beginning of December.,

The age structure of herds has been deter-
mined, and a rapid reduction in the propor-
tion of males in the herd has been observed
with age: only 16% of animals are males

Figure 3. Areas of central Mall mapped by ILCA/ODEM project.
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over 3 years old, most of these being used for
traction. This feature is consistent with the
herders’ objective of high milk output. Aver-
age milk yield over an 11-month lactation
was calculated at 235 kg. A severe weight
loss was recorded towards the end of the
delta transhumant period. Further investi-
gations led to the tentative conclusion that
some of the delta pastures were overgrazed
while surrounding areas were stocked below
their optimal carrying capacity. A more defi-
nite conclusion can be drawn only after com-
pilation of the vegetation map and a more
accurate assessment of fodder resources.

Human nutrition studies

Since June 1981 a survey of food intake and
anthropometry has been conducted on two
groups in the delta ~ one Tuareg and the
other Fulani. During 1982, one year’s data
from the Tuareg group were analysed. This
group comprised two camps: members of
one camp (A) tended to own cattle while in

the other (B) goats were more common.
Grain, milk and meat were the main food
items for both camps. Figure 4 shows the
proportion of energy intake derived from
these items over 12 months according to sex
and camp. Of particular interest was the
finding that women in the richer, cattle-
owning camp derived more than half their
energy intake from milk alone. Cereals ap-
peared to play a more important role in the
goat-owning than in the cattle-owning
camp. In the latter, no grain was consumed
during July and August due to high prices,
the inability of cattle owners to sell stock in
poor condition, and the long distance to
urban markets from seasonal grazing areas.

The survey found that the stress period
starts at the end of the dry season and con-
tinues until the second half of the rainy sea-
son. This coincides with the period of highest
disease incidence.

Weight changes in the cattle-owning
camp were correlated tofood intake, but this
was not found to be the case for the poorer

Figure 4. Nutritional energy sources (%) for two Tuareg camps in the inner Niger delta, central Mall.

Camp A
(cattle-owning)
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(goat-owning)
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goat-owning camp. In both campsonly a few
cases of malnutrition (defined as body
weight less than 80% of standard weight for
a given height) were observed. Indeed, some
of the womsn were overweight, a tendency
which appeared to set in during childhood.

LCesigning improvements
Deltaic pastures

In 1982 10 sites, representing the different
vegetation types in the delta, were subjected
to various treatments. Five of these sites
were in their third continuous year of study,
under treatments including early and late
burning, early and late cutting, repeated
cutting at varying intervals, and irrigation
with and without fertilisation.

Around these experimental sites, measure-
ments were taken of herbage removed
through grazing and of the biomass remain-
ing, both of which were then related to the
observed grazing pressu-e. The most impor-
tant conclusions from ‘hese trials were:

1. The optimal cutting interval varies with
species: for instance, that of Echinochloa stag
nina was 10-15 days while that for Andropogon
gayanus was 30 days, as shown in Table 5.

Table 3. Optimal cutting interval of two pasture
species In the Inner Niger delta, central
Mali.

2. The irrigation treatments demonstrated
that substantial yield increases were techni-
cally possible, as shown in Table 6.

J. The combined effects of irrigation and
fertiliser (50 kg/ha of P plus 25 kg/ha of
N/month) gave a threefold increase in yield
for Oryza longistaminata, from 1124 to 3783 kg
DM/ha.

Table 8. Effect of irrigation on yleld of four pas-
ture species of the inner Niger dolte,

Upland pastures

During the dry season of 1981/82 observa-
tions continued on the botanical composi-
tion and yield of Sahelian pastures under a
variety of grazing regimes and on two differ-
ent soils. These trials, started in 1979, have
shown that dry-season grazing had the effect
of enlarging bare areas under trees by less
than 5% per vear on loamy clay soils, while
the tendency on sandy soils is towards
denser tussocks and fewer species. Wet-
season grazing, if it extends throughout the
entire growing season, can be very damaging
to vegetation particularly on heavy soils.
Experiments have been conducted on 12
browse snecies to assess production and pop-
ulation dynamics. The results of this study
will be available in 1983.

Future activities

The team completed much of its research on
the pastoral system in October 1982, when
fieldwork for the ODEM contract was fin-
ished. However, component research will
continue during 1983, focusing on young-
stock mortality, epidemiology, and the eval-
uation of future management schemes for
the delta.

In January 1983 an experinicntal recon-
naissance survey of the Gourma region in
eastern Mali was launched, and the team
may conduct 1esearch on nomadic forms of
livestock production in this region in the
near future.
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Research on agropastoralism

Introduction

ILCA’s rescarch on agropastoraliom has
concentrated mainly on the millet-based
subsystem, since this is more common in the
arid and semi-arid zones than subsystems
based on irrigated rice. Research results
from both subsystems are prescnted together
here, since direct comparison is useful.

The villages where millet-based agro-
pastoralism is predominant are populated
mainly by Bambara families. The Bambara
are traditionally arable farmers, but they
now own on average some 20 cattle and 30
small ruminants. Fulani households consti-
tute a minority group, being tianshumants
(and therefore temporary residents), and/or
contract herders for the Bambara. Although
arable farming and livestock production are
generally undertaken by different ethnic
groups they are by no means functionally in-
dependent: cropping provides valuable dry-
season residues for livestock, which in turn
supply manurs and traction for cultivating
the crops. For both groups livestock repre-
sent an insurance policy against the vagaries
of climate, drought in particular being a con-
stant threat throughout the arid and semi-
arid zones.

Descriptive studies
Socio-economic studies

The results of a 2-year study on a cluster of
villages growing millet were reported in Sep-
tember 1982, The study examined many fea-
tures of the local economy and society and
tested various hypotheses concerning crop
yields.

As part of these studies the effect of manur-
ing was examined by comparing millet yields
on fields witu and without manure. These
yields are shown in Table 7.

Table 7. Effect of manure on milietyields from vil-
_ hgoﬂddsnurﬂlono central Mall.

These yields are : _nificantly different
within years at the 95% level. Arable
farmers with access to manure achieved con-
siderably higher yields than those without.

Livestock productivity studies

Since 1978, livestock productivity data have
been collected for small ruminants and cattle
in both the millet and rice subsystems. Anal-
ysis has revealed a severe weight loss (18%)

_ in cattle during the dry season due to the lack

of sufficient fodder. For sheep and goats pro-
ductivity parameters have been calculated
as shown in Table 8.

These surveys will continue until mid-
1983, after which full analysis of this un-
usually long time-series of data will be under-
taken.

Livestock nutrition research

Studies on livestock nutrition continued un-
til November 1982 and concentrated on
cattle and small ruminants in both the rice
and millet subsystems

Table 8. Ploductlvlty pnramottn for small ruminants Inthoagropntonl system near Niono, central Mall,

* Velues for these parameters were not significantly different at the 95% level and were therefore calculated as a mean for the

two subsystems.



The following aspects were investigated:

1. Paiterns of grazing and fodder availabili-
ty during the year.

2. The amount of time spent grazing an
walking. :

3. Fodder intake, quality and digestibility
over the year.

4. Feed intake in terms of crude protein and
metabolisable energy.

The proportion of time spent by rumi-
nants grazing different types of forage in the
two subsystems is shown in Figure 5.

The 3 years’ data are currently being anal-
ysed.

Designing improvements
Forage legume research

Early studies identified low soil nitrogen as a
fundamental constraint on output through-
out the millet subsystem. The team is there-
fore developing methods of introducing for-
age legumes into the existing cropping sys-
tem. Since labour is in short supply during
the growing scason (a feature also apparent
from ILCA’s research in the subhumid
zone), the team is concentrating on the inter-
cropping of legumes with millet. During
1982 242 legume accessions were screened
at Niono, the majority of these being varieties
of Vigna sinensis (cowpea). Cowpea grain
yields of up to 724 kg/ha and haulm produc-
tion of up to 6.5 t/ha were attained, but the
yield of one component was generally at the
expense of the other. Phaseolus acutifolius and
Vigna radiata gave good grain but poor haulm
yields, while the converse was found for Lab-
lab niger.

Animal traction studies

The serious deterioration in the condition of
work oxen during the dry season has led the
team to examine the feasibility of feeding
cowpea hay as a high-protein supplement.
During the last 3 months of the dry season of
1981/82, eight pairs of work oxen were fed
between 2.5 and 3 kg cowpea hay per day
and their performance was monitored in
terms of power output and work rate over the
ploughing season. A control group receiving
no supplementation was observed over the
same period. The results of these trials are
currently being analysed.

Future activities

The three reseai :h topics described above
will continue during 1983 and are to be aug-
mented by a veterinary programme that will
examine mortality in small ruminants, the
mineral status of animals and the epidemiol-
ogy of livestock diseases. These studies will
be conducted in collaboration with the
Laboratoire Vétérinaire Central in Bamako.

ILCA will also cooperate in a joint re-
search project with the Institut National de
Recherche Zootechnique, Forestiere et Hy-
drobiologique. This project, financed by
USAID, will focus on the introduction of for-
age legumes for smallholder [attening
schemes, for milk production and for feeding
work oxen. The project will be based at the
Centre National de Recherches Zoctech-
niques at Sotuba, with fieldwork also beiug
conducted at the ICRISAT site near Segou
and in the Banamba region.

Figure 5. Propo:t::nl lof time spent by rum'nants grazing various types of feed in the agropastoral system,
central Mali.
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The Rangelands Programme in Ethiopia
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The Ethiopian Rangelands Programme is

. jointly financed by ILCA and the Ethiopian

Government through the Rangelands Devel-
opment Project (RDP), which is supported
by the World Bank. Research covers two
pastoral societies: the Borana in the south
and the Afar in the northeast of the country.

The Borana system

Introduction

The Borana plateau covers 95 000 km? of
southern Ethiopia and is one of the best pre-
served pastoral areas of Africa. It slopes
gently from an altitude of 1500 m in the foot-
hills of the Bale - Sidamo massifin the north
to 1000 m near the Kenyan border in the
south. Mean annual rainfall decreases from
over 700 mm in the northeast to 400 mm in
the southeastern parts of the plateau. The
main rains, accounting for 60% of total rain-
fall, fall from March to May, while the small
rains {all from September to November. The
timing, frequency, quantity and intensity of
rainfall are highly variable during both sea-
sons.

The Borana system is based on a group of
permanent wells and a grazing area defined
by water availability. During the dry season
the Borana can graze their cattle only in a
limited area around groups of permanent
wells, being excluded through lack of water
from the more extensive areas grazed during
the wet season.

The Borana divide their cattle into lactat-
ing and dry herds. The former remain close
to a semi-permanent encampment while the
latter graze more distant areas. The jack of
surface water during the early dry season
means that animals must retreat from wet-

season grazing areas before all the available
pasture has been grazed. Initial research in-
dicates that as much as 50% of available fod-
der remains unused. The inability to expluit
such fodder resources is a problem common
to many pastoral systems.

Research concentrates on approximately
16 000 km? of the Borana plateau, an area
containing 90 000 people, 325 000 cattle,
125 000 smallstock and an estimated 60 000
camels. A reconnaissance survey preceded
the formal resecarch programme, which
started in 1981. The team has now complet-
ed most of the descriptive studies and has
begun to design interventions that may in-
crease livestock output.

Descriptive studies
Water use studies

Water is a critical resource for the Borana.
In the wet season the availability of surface
water defines grazing limits; in the dry sea-
son the output of wells and the availability of
forage in their neighbourhood set the limit to
livestock numbers. Research on the utilisa-
tion of water therefore rcpresents an effective
method of studying the whole livestock sys-
tem.

During 1982 studies were conducted on
the utilisation of wells and ponds. Initially,
30 groups of wells were examined during the
main dry season, from November to March,
while eight of the more representative and
important groups were the subject of a more
detailed subsequent survey during the short
dry season from July to September. Data
were collected on a wide range of parameters
including the age, sex and origin of the ma-
jority of livestock, the size and ownership of



herds and flocks, water intake and quality,
grazing orbits, and labour requirements for
the watering of livestock. These surveys
formed part of alonger study, planned to last
2 years, and have led to a number of supple-
mentary studies, for example on the effect of
watering frequency and intak: on cattle pro-
ductivity, -ud the long-term ¢ffects of differ-
ent grazing pressures on pasture production.
Similar studies were conducted on the utili-
sation of ponds. Most of these studies will be
completed in early 1983 and will appear as a

series of programme documents.

Ecology studies

After stratifying the study area by field sur-
vey in conjunction with satellite imagery, the
team selected 12 ecological study areas, each
of 400 km?. The studies in these areas exam-
ine plant communities, grass cover, tree den-
sity and population, grazing pressure and
vegetation dyramics. Field data are aug-
mented by information derived from aerial
survey, and range condition is monitored. In
two areas a separate study examines cattle
condition, while two further areas are cur-
rently being developed as ranches by the
RDP. Some of these study areas include
wells or ponds, while others do not.

Interpretation of ecological data began in
1982 and enabled the team to describe the
ecology of Borana in general terms. These
studies will continue during 1983.

In addition to these studies, during 1982
the team maintained and upgraded a net-
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work of 10 meteorological stations in Borana
as part of its long-term ecological research.

Animal production

Studies were conducted on the relationship
between milk offtake and calf growth, water
intake, herd demography and animal mor-
tality.

Water intake at intervals of 3 days
equalled 25% of cattle body weight without
any apparent detrimentai effects. Further
studies will be conducted on the possible
physiological adaptation of Boran cattle to
such a regime, which has important implica-
tions for rangeland development.

Mean calf weaning weight at 120 days was
45 kg, compared with the known genetic po-
tential of 180 kg. Whether factors other than
the high level of milk offtake for human con-
sumption influenced this low weaning
weight will be a subject for further research.
It was also found that the effect of nutritional
status on milk vield overrode that of lacta-
tion stage, as shown in Figure 6.

Studies on households and pastoral strategy

Since mid-1981 data have been collected
from 50 pastoral families on livestock man-
agement and household economics. Produc-
tion parameters such as milk offtake and
weaning weight were determined in 1982,
and further analysis of the data will be com-
pleted during 1983. An extensive demo-
graphic study of the network of households
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Figure 8. Etfect o soason on lactation yleid for a Boran cow In the southern Ethlopian rangelands.
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was started during 1982 and will also be
completed in 1983.

In June 1982 a low-level aerial survey cov-
ered all areas where ground studies are now
being conducted and where security was
not a limiting factor. The survey indicated
marked gaps in livestock distribution, par-
ticularly in the western and extreme south-
eastern regions. Some areas in the west had
high cattle densities, adjacent to other areas
with virtually no cattle. These western areas
contrast with other areas in the east of the
plateau, where stocking densities are more
uniform. Contrary to expectations, the high-
est densities were associated with medium
trec cover rather than with open rangeland,
and this feature is now being studied.

During the wet season, the occurrence of
surface water appeared to be the major de-
terminant of livestock distribution. While
further water development may result in a
greater use of range resources through more
even livestock distribution, this will depend
on the future pond construction programme
of the RDP.

A M J J A S
Calf born: October 1981; Lactation length: 12 months; Total yield: 716 kg

Historical and archaeological studies

Placing pastoral societies in their historical
perspective is important, since present prac-
tices, structures and populations can often
be explained by past events and are general-
ly part of an historical trend. Thus in 1981
the team collaborated with the History De-
partment of the University of Addis Ababa
in pioneering research to discover what
changes in ecology and economy have affect-
ed the Borana system in the past, and what
conclusions can be drawn from them for
eastern African pastoralism in general. In
particular this work is elucidating ecological
events and trends over the last 1000 years,
and changes in trading patterns and technol-
ogy and climatic variation over the previous
half millenia. A report on this fundamental
rescarch will be prepared during 1983.

Market studies

During 1982 the team continued detailed
studies on five major markets. Cattle offtake
from the Borana system was found to be



Sub-Saharan Africa in figures

Changes in agricultural output and productivity, 1960-1980"

Output Growth rates {% p.a.)
1960 1970 1980 1960-70 - 1970-80

Human population (miliion) 200.9 263.7 350.4 28 29
Cereal production (mililont) 245 378 424 44 1.2
Cattle population (million) 96.9 1316 148.9 31 12
Small ruminant population (million) 160.8 209.3 238.8 27 13
Meat production (all types) (million t) 1.6 27 32 51 18
Milk production (cows only) (milliont)® - 5.0 5.6 - 1.3
Cerealyield (kg/ha) 723.7 793.8 765.0 0.9 04
Beefyield (kg/head) 128 13.3 13.9 04 04
Milk yield (kg/head)® - 37.7 37.8 - 0.02
Milk production per caput (kg)® - 19.0 18.0 - -1.7
Meat production (all types) per caput (kg) 8.0 10.2 6.1 25 -11
Cereal production per caput (kg) 122.0 1434 121.0 1.6 -1.7

* All estimates derived from FAO production yearbooks, with the exception of the 1860 human population estimate for Nigeria, which is adjusted
from the 1963 Nigerian census result.

® Data on milk production in the 1960s are thought to be particularly inaccurate, and have therefore been omitted.

The table above shows the major trends for agri-
cultural output and productivity in sub-Saharan
Africa over the last 20 years. During this period
considerable progress has been made in data col-
lection throughout the continent, and data quali-
ty has improved substantially. However, the
costs of establishing and maintaining statistical
services able to cover the entire area of some of
the larger African countries are enormous.
Hence some individual country estimates may
carry an error of up to £ 10%, and the aggre-
gate production figures cannot therefore be ex-
act. It is nevertheless felt that the major trends in
population, output and productivity suggested by
the table and discussed below generally reflect
reality.

The most important trends are:
1. Human population is increasing at an
alarming rate. Ifit continues to expand at 2.9%
p.a., then by 2005 there will be twice as many
mouths to feed as there were in 1980.

2. Cattle population continued to increase
during the 19705, but at a substantially lower
rale than during the previous decade. One of the
causes of this slowdown was the severe drought

which decimated herds in the Sahel and Ethio-
pia during the early 1970s. Subsequent recovery
of these herds has been dramatic: by the end of
the decade cattle population in these drought-
stricken zones was only 8% less than it had been
in 1970.

Of great importance, but relegated to the
sidelines by the crisis in the Sahel, is the deceler-
ation of growth in the rest of sub-Saharan Afri-
ca. Here cattle population grew at 3.7% during
ths 1960s, falling to 2.1% for the following dec-
ade. Since herd offtake has only increased frac-
tionally (from 10 to 11% ), the causes for this
slowdown must lie in cither or both a decrease in
fertility and an increase in mortality. The pre-
cise reasons are likely to remain unknown, but
increasing war, more frequent outbreaks of dis-
ease, and poorer animal nutrition are undoubt-
edly three important contributory factors. Some
diseases occurred with increasing frequency
during the 1970s due to a breakdown of control
regulations and measures, while poorer nutrition
in some wions has been caused by overstocking
and the continued encroachment of arable farm-

ing.
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3. Small ruminant populations closely
paralleled the patterm of change set by the cattle
population, with a substantially lower growth
vate during the 1970s than during the 1960s.
Again, the deceleration was not exclusively due
to drought: the non-drought-stricken countries
recorded a fall in annual growth rate from 3.3 to
1.8%. The major causes of this slowdown are
again likely to have been increasing war, more
Jrequent outbreaks of disease and poorer nutri-
tion levels,

Significantly, small ruminant populations in
the drought-stricken countries have already re-
covered and surpassed their 1970 level, the 1960
population being 2% larger than at the begin-
ning of the decade. This rapid recovery shows
how small ruminants, by virtue of their higher
Jertility rates, are more adapted to drought-
prone areas in demographic terms than are
cattle.

4. Yields of meat and milk, which reflect
the efficiency with which plant and animal
resources are used, have viriually stagnated,
although beef yields have increased marginally.
Such increases in total output as have occurred
are due more to an expansion of livestock popula-
tions than to an increase in the ¢fficiency with
which these populations and their feed resources
are managed. These trends indicate the limited
impact improved techniques have so far made on
animal productivity, and are of great concern in

Livestock trade since 1960

In 20 years sub-Saharan Africa’s trade deficit
in livestock and livestock products’ has risen
nearly lenfold. In 1960 imports were worth
about US$ 90 million more than exports; by
1980 the deficit had risen to over US$ 800 mil-
lion. Only about one third of this enormous rise
in nel imports can be attributed to rises in prices;
the balance represents the extent to which A | fri-
ca’s livestock sector has failed to take advantage
of the market opportunities available to it. The
map opposite shows which countries are and
have been net importers or exporters and how net
livestock trade has fared in relation to the agri-
cultural sector generally.

! Including eggs but excluding hides and skins.

view of the decelerating growth rate in the cattle
population.

5. Total meat and milk output has in-
creased over the last decade, but its growth has
been less than that of the human population. In
those countries with adequate foreign exchange,
the shortfall in domestic supply has been met by
importing livestock products. But in view of the
deteriorating trade balances of many African
cotntries and the decreasing real per caput in-
comes of a large proportion of Africa’s popula-
tion, the trend towards lower domestic produc-
tion per caput is extremely serious. It threatens to
deprive large numbers of people of convenient
and traditional sources of high-quality protein,
and jeopardises the healthy development of many
of Africa’s present and future children.
Finally, a comparison between livestock and
cereal production. Trends for livestock commod-
ities and cereals are very similar - a rapid
growth rate in the 1960s, decreasing sharply in
the following decade. But while at least a small
proportion of the increase in total meat output is
due to higher efficiency (reflected in higher beef
yields), this cannot be said of cereal production,
where yields have fallen. Cereal yields have de-
creased because of a combination of factors: too
little or too much rain, soil erosion, reduced soil
Jertility and water holding capacity, increased
disease, insect and bird damage, and lower ley-
els of management ~ sometimes due to the poor
nutritional levels of farmers and their families.

Overall the picture is gloomy, but as the map
shows, whether a country is a net importer or ex-
borter is largely determined by its geographical
location, and by factors such as climate, popula-
tion density and infestation by tsetse fly, which
are themselves mainly determined by location,
Moreover, while the general trend in livestock
trade is adverse, there are several countries
whose performance has improved since 1960,
Furthermore, 65% of the total livestock trade
deficit in 1980, and 70% of the deterioration in
the deficit since 1960, are due to one counlry
alone ~ oil-rich Nigeria. On the other hand the
apparent improvement in the performance of
some other countries is due more to their inahility
lo pay for imports than to an improvement in
their domestic livestock production.




Net external trade in livestock, meat, dairy and poultry

products®, 1960-1980
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State of the livestock sector by country, 1980

GNP
Population®  Area® USS  Average Livestock output® Livestock population®
Country (mitions) ('000km?) 1880  annual (annual mean 1979-81) (annual mean 1979-81)
mid-1850 growth (000 tonnes) {000 hesd)
rate (%) Best Sheepand Cows’ Catle Shsep  Goats
1960-80 goatmeat mitk

Chad 45 1284 120 -18 58 21 220 3900 2333 2267
Somalia 3.9 638 - - 58 85 157 3883 10100 16 267
Mali 70 1 240 190 14 64 50 85 4853 620 6750
Upper Volta 6.1 274 210 0.1 37 10 44 2755 182 2794
Gambia® 08 1 250 26 5 73 6 322 158 170
Niger 53 1 267 330 -16 46 42 85 3206 2805 7023
Mauritania 1.5 1 031 440 1.6 29 19 84 1185 5100 2583

" Low-income other

Ethiopia 31.1 122 140 14 214 132 617 26 000 23 233 17 177
Guinea-Bissau 0.6 36 170 n.a. 3 n.a. 6 200 50 120
Burundi 4.1 28 200 25 14 3 58 848 310 650
Malawi 6.1 118 230 29 12 3 34 821 77 645
Rwanda 5.2 26 200 1.5 14 4 26 640 200 876
Benin 34 113 310 04 10 5 12 766 954 919
Mozambique 121 802 230 0.1 36 2 63 1 400 108 335
Slerra Leone 35 72 280 - 3 1 18 343 260 144
Tanzania 18.1 845 280 1.9 130 26 729 12556 3782 5673
Zaire 283 2 345 220 02 22 9 6 1183 733 2751
Guinea 5.4 246 290 0.3 21 2 41 1753 438 405
Central African Rep. 23 623 300 0.9 16 3 4 1228 84 920
Madagascar 8.7 587 350 -05 127 5 38 10 100 580 1 308
Uganda 12,6 236 300 -0.7 82 14 338 4933 1072 215
Lesotho 1.3 30 420 6.1 8 5 20 595 1129 77
Togo 25 56 410 3.0 4 3 3 230 610 723
Sudan 18.7 2 508 110 -02 206 138 939 18 148 17 708 12 532

Kenya 159 583 420 27 198 38 840 10 652 4333 4537
Ghana 11.7 239 420 -1.0 13 1 8 843 1683 2067
Senegal 5.7 196 450 -03 34 8 110 2344 2005 1067
Zimbabwe 74 391 630 0.7 113 6 202 5 370 448 1107
Liberia 19 11 530 1.5 1 1 1 a9 200 200
Zambia 5.6 753 560 0.2 26 1 47 2 152 49 310
Cameroon 8.4 475 670 26 48 15 43 3195 2168 2391
Swaziland® 05 17 650 7.2 15 3 7 663 45 262
Botswana® 08 600 720 9.1 40 4 90 2 954 146 625
Mauritius® 0.9 2 103 23 1 na. 25 56 4 70
Ivory Coast 83 322 1150 25 12 7 9 690 1200 125

Angola 7.1 1 247 470 -23 49 3 148 3 17 25 835
Congo 16 342 900 08 1 n.a. 2 n 8 87
Nigeria 84.7 824 1 010 4.1 204 163 354 12 267 11 683 24 567
Gabon 0.6 268 3 280 6.1 na. na. 3 100 80

* From Worid development report 1962, Oxford University Press (for World Bank), New York, 1982.

® From FAO production yearbook 1981, FAO, Roine, 1982,

© Figures for population, area and GNP from Accelerated development in sub-Saharan Africa: An agenda for action, Washington, World Bank, 1981.
n.a. Data not available.
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13%, substantially higher than the previous
estimate of 6%. This level of offtake repre-
sents the maximum that households can sus-
tain - according to estimates derived from
carlier studies.

Designing improvements
Food and forage production

In recent years an increasing number of
Borana pastoralists have begun to cultivate
small plots of food crops near their encamp-
ments. If this practice were to become wide-
spread, then a substantial increase in cattle
offtake would be possible; it was estimated
that 400 kg of maize would substitute for
30% of the milk offtake, which could theoret-
ically release one additional animal per
household for sale each year. In this way,
20 000 more cattle could be marketed cach
year, an increase of 50%.

Since present cultivation techniques are
rudimentary, the team will initiate experi-
ments in 1983 with a forage - food crop mix-
ture consisting of legumes and local maize.

Bush control

The ecological studies indicated bush en-
croachment to be a severe problem, Bush en-
croachment is a frequent consequence of the
prohibition of burning and of changes in
livestock population, and is common to large
areas of rangeland in eastern Africa. The
team therefore undertook a review of pre-
vious research on bush control, and started
preliminary trials to determine the most
cost-effective form of control, accompanied
by reseeding trials using grass and grass —
legume mixtures.

Feed and water intake, and walering frequency

Most development projects supply water to
cattle on a daily basis, although this is ex-
pensive. In the Borana system cattle are
watered only once every 3 days, yet they
appear reasonably productive. The research
team is therefore examining the effects of
various watering frequencies on productiv-
ity, in the hope of identifying more cost-
effective methods of overcoming water short-
ages in arid areas.

Pasture legume trials

The long-term outlook for eastern African
pastoralism indicates the need to increase

primary production by whatever possible
means, including the introduction of im-
proved species of pasture and browse plants.
To this end, pasture legume trials were start-
ed during the short rains of 1982. Lines of
Lablab, Vigna and Stylosanthes were the most
promising of those screened.

Well and pond improvement

The well and water studies found that in-
creases in water output of 7-30% were possi-
ble through the sealing and reinforcement of
holding ponds and watering troughs. Stu-
dies on rates of water lifting from deep wells
showed that the size and condition of
buckets were major constraints on water
output. The prohibition on hunting giraffe
and buffalo has meant that new heavy-duty
leather is unavailable for the manufacture of
replacement well buckets. It was suggested
that a trading agreement be established with
Kenya for the supply of hides of culled buffa-
lo, 1800 hides being required immediately
and 500 per annum subsequently. This
would resolve an urgent problem currently
confronting the Borana.

Technical cooperation

Throughout 1982 close liaison was main-
tained between the research team and the
RDP. Many of the team’s research activities
include a service and training component,
for example the ecological analysis of ptoject
ranch areas, studies on livestock productivi-
ty and economics, soil analysis at pond sites,
and provision of the results from aerial sur-
veys. When available, RDP staff are traincd
in techniques and methods of field research.
The team also conducted seminars at RDP’s
headquarters in Sidamo to discuss specific
topics and present its research results.

Future activities

In 1983, in addition to continuing the re-
search topics outlined above the team will
undertake three further lines of research:

1. Plant biomass assessment

A major problem hindering rangeland re-
search is the lack of a rapid and inexpensive
method for assessing and monitoring vegeta-
tion and fodder resources over large arcas. A
technique for estimating plant growth from
satellite spectral measurements, developed
some years ago at the National Aeronautical
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and Space Agency (NASA), is now being
tested on Sahel rangeland in Senegal. Initial
results are promising, but the higher tree
cover of eastern African rangelands requires
confirmatory measurement of tree, shrub
and grassland vegetation before quantitative
interpretation can be made. In association
with NASA the team will therefore under-
take further testing of this technique, in com-
bination with information derived from low-
level aerial survey.

2. Low weaning weights

The team will study the principal causes of
low weaning weights other than high milk
offtake. This study will be of considerable
importance if meat output is to be increased.

3. Nutritional status

Determinations will be made of the content
of various nutrients, e.g. nitrogen, phospho-
rus, calcium and trace elements, in soil,
plants and selected animal tissues in order to
identify possible imbalances or deficiencies.

In addition to these three further lines of
research, during 1983 the team will compile
a substantial number of reports covering all
the studies so far conducted. These reports
will provide the material for a major systems
study of the Borana pastoralists.

The Afar system
Introduction

The Afar pastoralists of northern Ethiopia
live in an area where the climate is arid to
very arid. Severe droughts occur frequently
and the viability of the system is in serious
doubt. In this pastoral system, camels and
smallstock are more important than cattle.

Studies on the Afar system were sus-
pended in March 1982 because of security
problems, which had previously disrupted
research in the area. Studics during early
1982 covered the following aspects:

Descriptive studies
Marketing

Data were collected and analysed for all
markets in the study area, revealing three
important aspects of the Afar economy.
Firstly the Afar are responsive to smallstock
prices, secondly they offer for sale more
smallstock than the market system can ab-
sorb, and thirdly the demand for grain prob-
ably exceeds market supply. The team also
established-a method for determining the re-
lationship between markets, whereby two
“indicator” markets can now be used to rep-
resent other markets in the system.

Afar-Oromo relationships
and dry-season retreat areas

A particular problem of pastoralism
throughout Africa is encroachment on graz-
ing areas by arable farmers. A study of the
Tcheffa valley, lying to the west of the Afar
lowlands, indicated a conflict over land use,
since access to this area is important to the
lowland Oromo farmers in most years but
crucial to the Afar pastoralists in years of ex-
treme stress. It was proposed that the Oro-
mo plant small plots of forage for both their
own ~d Afar livestock, in order to alleviate
the pi_olem of feeding livestock in times of
stress.

A second study of the interdependence of
the Oromo and Afar showed that while the
former may well be able to survive without
the latter, the converse is not true. An in-
creasing reliance of pastoralists on arable
farmers for access to grazing and provision of
grain appears to be a common trend
throughout Africa and, as a case study, the
Afar situation is of considerable relevance.



Livestock and drought

In regions liable to drought livestock play sever-
al roles. In pastoral areas they may provide the
main direct forms of subsistence food as well as
being the main source of cash income with which
other food can be bought. In arable arcas not
only do livesiock provide food and income for
their owners, they oflen also provide critical in-
puts of draught power and manure to cropping
operations. In times of drought, livestock fre-
quently constitute the main capital asset of both
pastoralists and crop farmers, which they can
sell to buy food for their own survival,

When drought occurs the yields of both crops
and livestock fall, as also do the quantities
available for domestic consumption or sale.
However, whereas the prices of food crops nor-
mally rise during drought those of meat and live-
stock fall, as more animals are sold in poorer
and poorer condition in order to buy other food
and to avoid their dying on their owners’ hands.
These price changes are good for crop farmers
but can be disastrous for livestock owners.

During drought the marketing of crops in
Africe usually presents no problems, the dry
weather making (ransportation easy (excep!
where animals are used) and the rising prices
making merchants keen to trade. The marketing
of livestock, howeuver, often runs into acule diffi-
culties. With falling prices and deteriorating
grazing, lraders are reluctant to purchase
animals which they may subsequently be able
neither to feed nor to sell. Grazing and waler
supplies along stock routes dry up, making im-
possible the movement of animals on _foot, and in

some cases abattoirs do not have the capacily to
cope with an increased supply of animals for
slaughter

After a drought has ended the recovery rates in
tke production of livestock and of annual crops
also differ. Except where crop production is
heavily dependent on livestock inputs of draught
power and manure, the areas planted to crops,
and their yields, may recover to a normal level
within a year of the end of the drought. If the
drought has been serious livestock populations
may have declined by 50% or even more and, al-
though the calving rates of breeding females are
often excellent after a drought, the performance
of animals starved at a critical stage in their
early development may be permanently im-
paired. These two factors may cause the level of
regional livestock output, particularly from the
caltle herd, to be impaired for over a decade after
a severe drought. Nevertheless, the decline in
livestock populations caused by drought is not
wholly deleterious, since it gives some temporary
respite for natural vegetation lo recuperate.

1t is not always sensible, or even possible, to
try to stabilise livestock production systems. In
regions where rainfall is extremely variable
from year to year stability can be achieved only
at a lower level of production than that possible
if some degree of fluctuation in livestock popula-
tions and outpul is accepled. During drought,
particular attention needs to be paid to keeping
livestock marketing systems functioning and,
after drought, to long-term rehabilitation, if
those substantially dependent on livestock for
their income and security are not to suffer ex-
treme distress.

Livestock productivity

In 1981 data had been collected from 48
pastoral families, but this activity was dis-
rupted by security problems in the area. Suf-
ficient data had nevertheless been gathered
by early 1982 to demonstrate the low pro-
ductivity of Afar pastoralism and to provide
a basis for designing production alternatives.

Future activities

If it is possible to resume research in the
area, future studies will include irrigated
cropping, small ruminant health and pro-
ductivity, and improvement of marketing.

29



The Rangelands Programme in Kenya
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Introduction

ILCA’s research programme on range live-
stock systems in Kenya is conducted among
the Maasai pastoralists, whose lives are now
being affected by the operations of the Ken-
ya Livestock Development Project. The re-
search team aims to find out how, in these
semi-arid rangelands, varying levels of de-
velopment interventions are modifying tra-
ditional patterns of production; to identify
the continuing constraints on production
and the opportunities for increased output;
and t> clarify causal relations within the pro-
duction system.

The programme is based on a systems ap-
proach whereby the impact on total output
of changes in individual components of the
production system is studied. Pastoral sys-
tems are complex in organisation, a feature
that reflects their adaptation to highly varia-
ble and risky environments. If development
is to increase output, then it must be based
on an understanding of the many interac-
tions between the social, economic and tech-
nical factors that make up the production
process.

The research programme covers an area
of roughly 1700 km? in Kajiado District,
southeast of Nairobi. ‘the site was chosen

* Estimated from an Inventory of 101 households.

Tabie 8. Characteristics of Maasai group ranches in southeast Kenya.

to include a part of the Kaputiei section of
the Maasai grazing lands developed under
phase 1 of Kenya’s Livestock Development
Project, as well as part of the Kisongo sec-
tion, subject to more recent development
under phase 2. This area was selected for
study because the Government of Kenya, in
consultation with the Maasai, had adopted
the group ranch form of territorial organisa-
tion as a model for land adjudication for the
Maasai people and their socio-economic de-
velopment. Environmental factors further
influenced site selection.

After an initial aerial survey and discus-
sions with officers of the Ministry of Live-
stock Development, in the second half of
1980 three group ranches were selected for
study: Olkarkar, Merueshi and Mbirikani.
Inventory surveys of their human and live-
stock populations were conducted in the
same year; the results are shown in Table 9.

As 1982 was a dry year, there was exten-
sive herd movement from the southern Mbj-
rikani ranch from June onwards to greener
areas to the east and south. Much less move-
ment occurred in the northern ranches,
where rainfall was higher and better distrib-
uted, resulting in much longer availabi! ity of
green herbage. These movements have been




Table 10. Herd structure (%)
on Masusal group
ranches in south-
ocast Kenya, 1969

and 1881/82.

analysed in terms of producers’ decisions
and their effects on herd and flock producti-
vity.
Although land is communally owned, ex-
clusive grazing rights are recognised on calf
pastures. The effects of different manage-
ment strategies for these reserved pastures
on species composition and productivity are
being measured.

Livestock production

A survey of herd structure showed that,
while there were differences between wealth
levels and ranches, all Maasai households in
the sample were managing their herds for
milk rather than for beef production. In-
deed, a comparison of results from the
UNDP/FAOQ survey in 1969 with those ob-
tained by the ILCA team in 1981/82 reveals
little change in herd structure, as shown in
Table 10.

The ILCA survey also revealed a substan-
tial increase in the small ruminant popula-
tion since 1970. All households owned small-
stock, although numbers differed across
wealth strata. The cattle to small ruminant
ratio for the rich stratum was 1.2:1, falling to
1:1 for the poor stratum. .

Data analysed so far indicate a bimodal
calving pattern with peaks in October and
March. Calf mortality to 90 days was low, at
2 - 10%. Mean liveweight at 120 days was
48 kg, giving an average growth ratc from
birth of 0.24 kg/day. Sahiwal crosses
weighed some 5 kg more at 120 days than
Zebu calv~s, but whether their superior per-
formance continues t3 210 days will remain
unknown until further data have been col-
lected and analysed.

Total milk production increased from 3.2
litres/day at 30 days to 3.6 litres/day at 120
days, of which 20% was taken for human
consumption leaving 80% for the calf.

In sheep and goats births occurred all
the year round, with a sharp peak during
November - January. The mean litter size for
goats was 1.34, and for sheep 1.04. The most
productive flocks had litter sizes of 2.0 and
1.17 for goats and sheep respectively, com-
pared with 1.0 for both species in the least
productive flocks.

Disease was the major factor in the 34%
preweaning mortality rate for poats. For
sheep the rate was only 13%, caused mainly
by predation. Growth rates to 150 days were
higher for sheep (74 g/day) than for goats

Y

(51 g/day). Veterinary investigations began
in June 1982 and now consist of a pro-
gramme of discase detection and control in
selected households. The objective cf these
studies is to determine the degree to which
disease is a constraint on output and to eval-
uate the economics of different control mea-
sures. :

Livestock offtake and acquisition

The Maasai engage in a variety of livestock
transactions tc acquire and dispose of their
animals. Animals are sold, exchanged for
other animals, slaughtered for home con-
sumption and given or lent to friends and rel-

atives.
Data were gathered on all livestock trans-

actions in order to deduce producers’ strate-
gies in herd manipulation, to interpret
changes in the numbers of animals kept and
to detcrmine overall productivity.

Preliminary data analysis for Olkarkar
and Mbirikani ranches indicates that poor
Maasai had higher rates of offtake than
richer Maasai, but that all engaged heavily
in non-commercial means of offtake and ac-
quisition.

Figure 7 shows the value of various trans-
actions for poor and rich households in Mbi-
rikani. Sales accounted for just over half of
total offtake, the balance consisting of gifts,
exchanges and slaughter for home consump-
tion, in that order.

The number of livestock sold and their
unit value increased with wealth level, the
combined effect being that rich households’
income from sales was twice that of poor
households. For the latter, the mean sale
value per animal, for both cattle and small-
stock, was 30% less than that obtained by
rich households. This suggests that poor
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households were obliged to sell their stock at
an earlier age to meet immediate cash needs.
Seventy-five per cent of all cattle sold were
male, and 65% of these were tastrates.

Household budget data

The level, structure and seasonal pattern of
income and expenditure were examined by
monthly interviews with all adult members
in the sample. Figure 8 shows that the major
source of cash was the sale of cattle.

Expenditure on food (mostly sugar and
maize) was some five times that on non-food
items. Clothing was the main non-food item,
but transport and medicine were also impor-
tant.

Cash income and expenditure increased
in the dry seasons, when the supply of milk
was low and livestock sales were high.

Livestock marketing

cattle offered for sale and the number of buy-

ers and sellers. For a 30% sample, sex, age,

breed and price were recorded and, once a

month, a smaller sample of 7% was weighed.

The mean weekly <apply of cattle was 286

head, with peaks in December - January and

June, following the short and long rains re-

spectively. Market prices were highest in

September-October and again in April-May

because the Maasai offered fewer cattle for

sale in anticipation of the rains, when steers
have an opportunity to gain weight and con-
dition and when milk yield increases.

Possible constraints on livestock market-
ing in the study area include:

1. The absence of an organised market for
smallstock. Although some smallstock
were traded by Maasai, the lack of access
to a regular market appears an important
limitation to smallstock sales. In Olkar-
kar, where there was some access to a
trading village, smallstock sales contrib-
uted 12% to the total per caput revenue
from livestock, compared with an equiv-
alent figure of only 3% in Mbirikani,
Lack of market access was also inferred

KSi {553} In September 1981 the team began its first
31- study of a large cattle market at Emali - the
only regular market serving the study area.
29 - Data were collected weekly on the number of
27 ot
25 -
23 -
Figure 7. Value of offtake" by transaction at Mbirikani ranch In southeast Kenya®.
21 4
19
17 +
KSh (°000)
15+ 15 -
13 4 RICH HOUSEHOLDS 134 POOR HOUSEHOLDS
114
9
7 -
5 -
3 -
]

Total Sales Home Gifts Exchange Total
slaughter

* Net of transfers
® Figures may not aad up to 100%, owing to rounding up.

32

Sales Home Gifts Exchange
slaughter



1 ‘__
= ‘} {}

~\

., /
.}.§\\\, NS \

NN

from the larger proportion of old stockin 3. Poor body condition. Buyers complained

Mbirikani (48% and 42% for goats and
sheep respectively) compared with Ol-
karkar (21% and 20%).

of the poor condition of cattle due to dis-
ease and inadequate nutrition during the
dry season.

2. The lack of credit for traders. Shortage of
funds reduced the turnover of many trad-
ers, most of whom were buying and sel- A grant from the Ford Foundation enabled
ling no more than five head of cattle per  research on human nutrition to begin during
week. 1982.

Human nutrition

Figure 8. Sources of cash income for Maasal housoholds in southeast Kenya, July 1881-June 1982.

MBIRIKANIRANCH
(Total income: 1826 KSh)

OLKARKARRANCH
(TotalIncome: 1700 KSh)

Trading

Milk Hides and skins

Smallstock sales

Borrowing and other
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Technical cooperation

Cooperative work with Kenyan institutes al-
ready forms an important part of the team’s
research, and will be the basis for all future
activities initiated by ILCA in Kenya.

In 1982 ILCA conducted four workshops
to train technical assistants in the Range
Management Branch of the Kenyan Minis-
try of Livestock Development in collecting
data for monitoring range livestock produc-
tion. These workshops were held in the dis-
tricts of Kajiado, Taita-Taveta and Narok,
and a total of 44 officers attended.

During the year ILCA was also ap-
proached by the Ministry of Livestock De-
velopment to contribute to an evaluation of
Kenya’s experience with livestock develop-
ment. A paper entitled “Some lessons from
the Kenya Livestock Development Project”
was submitted. It drew attention to the fail-
ure of the group ranch approach to reduce
livestock numbers, and to the fact that pasto-

ralists continue to keep cattle for milk rather
than changing to commercial beef produc-
tion.

In 1982 an agreement was reached with
the Research Branch of the Ministry of
Livestock Development whereby two veteri-
narians were supplied to the ILCA team to
assist in studies on animal disease.

Future activities

The research plans for the Kenya team dur-

ing 1983 have three interrelated objectives:

l. To complete the system study already
under way.

2. To help plan national studies on the key
problems constraining output.

3. To examinc in retrospect the research
methods used and the results obtained
by the ILCA team, with the objective
of elaborating simplified and low-cost
methods for pastoral systems research.



Introduction

ILCA’s research in Botswana is designed
to help formulate appropriate policies and
development projects for the country’s Com-
munal Areas, where the government has
decided to give high priority to the develop-
ment of mixed farming systems as well as
traditional range livestock production. The
Communal Areas of Botswana occupy a
large proportion of the 407 000 km? of land
administered under the country’s Tribal
Grazing Land Policy. This land lies in the
semi-arid zone, receiving a rainfall of 250-
600 mm.

ILCA’s research focuses on two Commu-
nal Areas in the wetter, eastern part of the
country — Shoshong (2400 km?) and Pelot-
shetlha (6000 km?), The research is carried
out jointly with the Integrated Farming Pilot
Project (IFPP) and the Agricultural Tech-
nology Improvement Project (ATIP) of the
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The Rangelands Programme in Botswana

Ministry of Agriculture. ILCA’s participa-
tion consists of the provision of a full-time
scientist to work with the ministry’s Animal
Production Research Unit (APRU).

From May to August 1982 the post of
ILCA'’s representative in Botswana remain-
ed vacant, but research began again in Sep-

tember with the appointment of a scientist to
work with APRU at Sebele.

Descriptive activities
Livestock distribution studies

Research began on the seasonal distribution
of livestock in the two study areas, as affected
by cordon fences, markets, soils, land-use
patterns, the quality and quantity of forage
and crop residues, and the availability of
surface water. Such information is necessary
for the evaluation of fencing policies and for
the assessment of fodder crop potential,
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range improvement measures and the possi-
ble management of forage resources through
the controlled use of water points.

Aerial surveys to determine the number
and location of livestock were started during
1982. Photographs of forage resources were
taken, and were interpreted with the help of
ground truthing. Surveys will be repeated at
intervals of 2 months to ascertain seasonal
changes in livestock population and distri-
bution and the availability and quality of
forage resources. Multivariate analyses of
this descriptive information should help to
explain the distribution patterns observed.

Cattle condition and the quality of feed intake

The relationships between the quality of for-
age consumed and livestock condition under
high stocking densities were examined. In
some parts of Botswana livestock densities
are very high, and further studies are re-
quired to refine existing knowledge about
management strategies and herd perfor-
mance under such conditions.

IFPP and APRU are already collecting
data on mortality, growth, purchases, sales
and milk production in the Pelotshetlha
study area. Similar but less detailed data are
being collected in the Shoshong area by the
Farm Management Survey and Rural Soci-
ology Units of the Ministry of Agriculture.
ILCA is complementing these studies with a
visual assessment of cattle condition and an
estimate of the quality of forage consumed
on different range types.

Technical cooperation

All of ILCA’s activities, past and future, in
Botswana are carried out in close cooper-
ation with the country’s Ministry of Agricul-
ture and its various units. In April 1982
ILCA convened a Workshop on Research
Priorities in the Communal Areas. The
workshop involved representatives from vir-
tually all the government departments con-
cerned with livestock production in these
areas. The following topics were discussed:

1. Livestock production research priorities.
2. Soil research priorities.
3. Priorities of marketing research and eco-
nomic monitoring.
4. Research into livestock/crop interac-
tions,
5. Priorities for pasture and range research.
6. Future directions for research on Com-
munal Area production systems.
The proceedings of this workshop will be
Jointly published by ILCA and the Rural So-
ciology Unit in early 1983,

Future activities

The two studies at Shoshong and Pelotshet-
ha will continue during 1983. Additional ac-
tivities will include radio tracking of selected
herds in order to interpret small-scale and
night-time distribution patterns, and an ap-
praisal of the contribution that data generat-
ed by LANDSAT 4 can make towards the
mapping of vegetation at a scale useful for
livestock management ard range monitoring.
It is hoped that ILCA’s research will lead to
the development of rapid and cost-effective
methods of data collection and analysis over
large tracts of land.



Support units

'The Livestock Policy Unit

Origins

It is becoming increasingly clear that the
policies of governments and international
organisations are as important as appro-
priate technology, trained staff, adequate
funding and well conceived projects in deter-
mining the success of African livestock de-
velopment. ILCA, since its inception, has
sought to use the results of research to throw
light on policy issues, but it was only in 1982
that this interest was focused by the creation
of a Livestock Policy Unit.

The objectives of the unit are to identify
the critical policy issues for livestock devel-
opment in Africa, and to analyse past or
present policies of African governments as
well as, to a lesser extent, those of interna-
tional organisations. The unit hopes to clari-
fy the policy options available to govern-
ments and the effects of different policies on
livestock production and on the quality of
life of the human population in Africa.

Staffing and initial work

The unit was formed in 1982 with two
members; during 1983 staff numbkers will be

During 1982 the work of the Livestock Pro-
ductivity and Trypanotolerance Group fo-
cused on the biological and economic as-
pects of livestock productivity, with a strong
emphasis on trypanotolerant livestock. Its
research was carried out in close cooperation
with national organisations in 12 countries
of Africa.

Trypanotolerance research

In 1982 the group coordinated investiga-
tions on trypanotolerance at four sites in co-
operation with national research organisa-
tions and with the help of a number of donor
agencies. The objective of these studies was
to determine the productivity of different

built up and priorities in the programme of
work more sharply defined. It is already
clear that the following issues are important:
the impact of taxation and pricing policies
on vonsumption, production and equity; the
financing of livestock development services;
land tenure and administration; methods of
organising and managing development ef-
forts; the relationship between livestock and
other forms of production; the marketing of
livestock and livestock products; and exter-
nal trade.

The unit will seek to achieve its objectives
by carrying out its own research, by encour-
aging and assisting research by others, and
by putting policy makers in touch with each
other and with the results of relevant re-
search. In 1982 the unit’s main research was
in connection with ILCA’s modelling activi-
ties, from which one ILCA publication
emerged during the year and another is in
press. Members of the unit also contributed
to the work of several other ILCA pro-
grammes and to workshops held at the
centre. Finally, work was started on devising
the programme for a major livestock policy
conference to be held in 1983 or 1984.

The Livestock Productivity and Trypanotolerance Group

breeds of domestic ruminants exposed to dif-
ferent levels of tsetse-trypanosomiasis risk
occurring within various management sys-
tems and climatic zones. The results should
allow an evaluation of genetic differences in
susceptibility to trypanosomiasis between
breeds throughout Africa, and possibly pro-
vide information on a genetic marker or
markers. They should also permit an assess-
ment of the role played by acquired resist-
ance and a between-breed comparison of the
rate at which resistance develops.

The four sites at which the programme op-
erated in 1982 were in Gabon, Ivory Coast,
Nigeria and Zaire.

In Gabon work centred on the ranch of the
Office Gabonais d’Amélioration de la Pro-
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! The metayage system is a
contract system used
in several central African
countries to introduce
cattle husbandry at village
level in areas where it has
not been a traditional
activity. Under a 5- to
10-year contract,
commercial, governmental
or religious organisations
provide breeding stock
and technical assistance
to village individuals or
small groups, who in their
turn must provide labour
and certain basic facilities.
At the end of the contract,
the organisation must be
reimbursed for the
breeding stock.
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duction de Viande at Okouma, where N’Da-
ma and Nguni cattle and their crosses are
raised under different levels of trypanosomi-
asis risk and prophylactic regimes. In addi-
tion to the ranch staff assigned to the study,
two veterinary assistants were trained, one
in Upper Volta and the other in Brazzaville,
in the tsetse and animal health fields.

In northern Ivory Coast sheep research
being carried out by the Société de Dé-
veloppement des Productions Animales
(SODEPRA-Nord) was extended to cover
all the recording requirements in a village in
the subhumid savanna around Korhogo.
The work is being performed in collabora-
tion with SODEPRA-Nord, the Veterinary
Laboratory of Korhogo, and an FAO project
on tsetse control. The scientist in charge of
the operation, who is seconded from the Uni-
versity of Hohenheim, has already begun to
analyse the data collected during the first
year of the study.

In Nigeria the ILCA humid zone team
collected data on trypanosomiasis risk and
incidence. A veterinarian from the team
spent 4 weeks in Nairobi receiving special-
ised training. Plans were made for ILCA to
monitor Gambian N’Dama cattle imported
into Nigeria in cooperation with the Fed-
eral Livestock Department. The purchase
of these cattle started in November, The
animals were eartagged and their precise
origin recorded.

In Zaire research focused on N’Dama
cattle raised in ranches and in metayage oper-
ations' under various levels of trypanosomi-
asis risk. One FAO associate expert and a
Zairian veterinarian received training in
Nairobi for 2 months. Field operations start-
ed in early November. It is expected that
the programme will be fully operational in
the ranches by the end of April 1983 and in
the metayage operations by the end of June,
depending on the recruitment of a second
associate expert.

In addition to these country activities, a
training manual was produced jointly with
the International Laboratory for Research
on Animal Diseases (ILRAD) and the Inter-
national Centre for Insect Physiology and
Ecology (ICIPE), describing the parameters
and techniques used in the collection of data
in the animal health, tsetse-trypanosomiasis
risk and anima! productivity areas, and indi-
cating how relevant information is extract-
ed, analysed and interpreted.

In 1983, further work will be conducted at
new sites in Benin, Congo, Gambia, Senegal
and Togo, and the research in Ivory Coast
will be expanded in cooperation with the Ge-
sellschaft fir Technische Zusammenarbeit
(GTZ).

In Benin, in conjunction with FAQ/
UNDP, ILCA will conduct research on
herds at three farms - Samiondji, M’Bete-
coucou and Okpaha - and in surrounding
villages. The Lagunes, Somba and Zebu
breeds will be studied. It has been agreed
that ILCA will organise training, provide
technical supervision and conduct data
analysis.

In Congo contacts have already been
established with the Dihesse ranch, where
N’Dama cattle are raised under low and me-
dium trypanosomiasis risk. Discussions are
currently under way for the analysis of pro-
duction and health data collected on the
breeding herds since 1975. This work will
begin in 1983.

In Gambia the African Development
Bank has agreed to finance a N’'Dama pro-
duction project. The project will have a
strong research component aimed at eval-
uating N’Dama production in villages under
various levels of trypanosomiasis risk, and at
improving productivity. The productivity
and health surveys will be carried out by
ILCA and ILRAD, with funds provided by
the European Development Fund (EDF).

In 1981, ILCA was requested by the Gov-
ernment of Senegal to organise and support
similar research work on Djallonke sheep
and N’Dama cattle in Casamance and Sene-
gal Oriental, which encompass different eco-
logical zones and tsetse chzllenges. This
proposal has been linked with the request to
EDF to fund the Gambian operation. The
two projects will therefore constitute a
single, integrated operation.

In Togo GTZ has proposed the extension
of the activities of the Centre de Recherche et
d’Elevage at Avetonou to carry out a com-
prehensive trypanotolerance survey of sta-
tion cattle and metayage operations, covering
400 N’Dama females in village herds around
the station. The training component re-
quired for this project will be provided in
1983.

In Ivory Coast GTZ has agreed to fund
the extension of research to cover cattle in
addition to sheep, in an area of higher trypa-
nosomiasis risk. This operation is expected
to start in July 1983,



Livestock productivity research

In Botswana ILCA planned a project for the
Botswana Government to build up and eval-
uate a composite beef breed of optimal addi-

" tive genetic merit and with maximal reten-
tion of non-additive contributions.

In Ethiopia results of dairy crossbreeding
work at the Arsi Rural Development Unit
have been analysed by a visiting scientist in
cooperation with IL7JA’s Highlands Pro-
gramme. These results are summarised in
the section of this report devoted to the
Highlands Programme.

In Kenya analyses continued of data on
the Boran and its crosses with several differ-
ent breeds under a range of management
systems and ecological zones. These data
were combined with those from 10 commer-
cial herds, and interpretation started at the
end of 1982,

In Tanzania, in conjunction with Amboni
Estates at Tanga, ILRAD, and May and
Baker Ltd, an evaluation of the productivity
of beef cattle maintained under prophylaxis
against trypanosomiasis was initiated. A
scientist from May and Baker was seconded
to ILCA for 15 months, and started the ex-
traction of data covering cattle productivity
and health status over a period of 10 years.

The Forage Legume Agronomy Group

Introduction

The Forage Legume Agronomy Group was
established at ILCA headquarters in 1982.
Its objectives are to introduce forage leg-
umes into pastures, as pure stands or as in-
tercrops, and to evaluate their productivity
under various management methods. The
group will acquire and screen suitable leg-
ume lines at different research sites. It will
provide expertise and germplasm to ILCA’s
field teams and national research and devel-
opment institutions. It will also play a key
role in training and communication among
forage research workers in Africa through
ILCA’s new germplasm network.

Germplasm acquisition

In Ethiopia, the collection of species of Legu-
minosae with forage potential was pursued
vigorously after the start of the 1982/83 dry

Two Senegalese research scientists com-
pleted fellowships of 5 months each. One
analysed the productivity of N’Dama cattle
and the other the productivity of Djallonke
sheep from records collected at the Centrede
Recherches Zootechniques, Kolda, Senegal,
between 1973 and 1981. The results were
published as an ILCA Research Report.
Overall N'Dama cattle herd productivity
was 67.6 kg of 9-month old calf per cow per
year, 28.1 kg of 9-month old calf per 100 kg
of cow body weight per year, or 123 kg of
9-month old calf per 100 kg cow metabolic
weight per year — figures which are about
average and in line with earlier findings for
this breed. The overall flock productivity of
Djallonke sheep, however, was 8.7 kg of
weaned lamb per ewe per year, 362 g of
weaned lamb per kg of ewe body weight per
year, or 850 g of weaned lamb per kg of ewe
metabolic body weight per year — indicating
this breed to be fairly productive despite
high mortality rates of 33% in lambs and
15% in breeding ewes.

A research scientist from Sierra Leone be-
gan a 4-month fellowship on analysis of the
productivity of N'Dama and Sahiwal x
N’Dama cattle at Teko Station, Sierra
Leone. A joint report on this analysis will
be produced.

season in October. Four collection trips were
made in southern and central Ethiopia, re-
sulting in the acquisition of several hundred
lines of tropical, subtropical and temperate
forage species. Native Trifolium species, of
which there are about 35, received particular
emphasis. T. tembense and T. rueppellianum
lines were among the most important of
those collected, and the numbers of native
Trifolium accessions rose from 108 at the end
of 1981 to over 500 at the end of 1982. Be-
sides Trifolium the group collected lines of
Neonotonia, Stylosanthes, Zornia and Medicago.
The group received germplasm from ex-
isting collections of forage species in different
parts of the world, from the Commonwealth
Scientific and Industrial Research Organi-
sation (CSIRO, Australia), the Internation-
al Centre for Tropical Agriculture (CIAT,
Colombia), the International Centre for
Agricultural Research in the Dry Areas
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(ICARDA, Syria), the International Maize
and Wheat Improvement Centre (CIMMYT,
Mexico) and :the national collection of
Belize.

Germplasm was also received from com-
mercial seed companies outside Africa,
which have developed cultivars suited to
their own countries that may be productive
under some Afritan conditions.

As part of the group’s constant effort to
secure further sources of germplasm for
screening, visits were made to CIAT and
CSIRO (for tropical species), and to the De-
partments of Agriculture in New South
Wales (for Trifolium spp), in South Australia
(for perennial Medicags spp) and in Western
Australia (for annual Medicago and Trifolium

spp).

The germplasm collection

Work began on the organisation of the germ-
plasm collection, which by the end of 1982
contained over 2000 accessions. The group
cooperated closely with the Plant Genetic

Resources Centre (PGRC) in Addis Ababa -

in constructing a primary set of 120 descrip-
tors, which were used to organise the germ-
plasm collections of beth institutes. Cooper-
ation in storage facilities was also developed.
The status of ILCA’s germplasm collection
at the end of 1982 is summarised in Table 11.

Germplasm evaluation

During 1982 the group screened a large
number of lines at five different locations at

¢ Lines obtained from ICARDA and ICRISAT

Tabie 12. Forage lines screened at five locations in Ethiopia.

Tabie 11. Current status of ILCA’s forage
germpiasm collection.

varying altitudes and rainfalls in Ethiopia.
Table 12 summarises these activities.
The main results were as follows:

1. Some of the Vicia sativa lines obtained
from ICARDA and tested at Shola
(ILCA headquarters) and Debre Zeit
showed considerable promise, although
the yields of many of the legumes
screened at both sites varied markedly.

2. Native species of Trifolium screened at
Shola and Debre Zeit matured earlier
than exotic lines but had much lower
yields. On the heavier soils at Shola, T.
alexandrium and T. subterraneum lines were
particularly vigorous and persistent.

3. In a trial at Shola comparing the perfor-
mance of native and exotic (commercial)
species of Trifolium and their response to




fertiliser, two native species, T. rueppellia-
num and T. tembense, responded well to
phosphorus. T. resupinatum, an exotic spe-
cies, was at least as productive, however,
and remained green long after the two na-
tive species had dried off.

4. Several lines, including Lablab purpureus,
Vigna unguiculata, Stylosanthes spp and Cen-
trosema  brazilianum performed well at
Abernossa, situated in the Rift Valley at
an altitude of 1750 m.

5. Among the Stylosanthes species screened at
Abernossa, S. guianensis cv Graham and §.
humilis cv Patterson produced the greatest
bulk. The latter species was also among
the two that produced the most seed, the
other being S. fruticosa, which is native to
the area.

Cooperation and support activities

Within Ethiopia the group gave seed and ad-
vice to a number of aid programmes. Close
contacts were developed and maintained
with Ethiopian government institutions,
particularly the Ministry of Agriculture, the
Ministry of State Farms and the Institute of
Agricultural Research (IAR).

The group also cooperated with several
government ministries and institutions in
Ethiopia in a continuing series of multiloca-
tional yield trials of annual and perennial

The Nutrition Unit

Shola farm

Facilities for nutrition research at Shola
farm were improved by the completion of a
barn with room for individual feeding of 18
cattle, digestion crates for 20 sheep and stor-
age for feeds.

Livestock kept at Shola for intake and di-
gestibility studies include 24 crossbred Frie-
sian x Zebu cows, 8 local Zebu oxen, a flock
of 50 highland ewes and 24 wethers.

In the 1982 wet season 3 ha were used for
the initial screening of plant introductions
and for a forage trial conducted in cooper-
ation with the Institute of Agricultural Re-
search (IAR). A further area of 3 ha was
sown to improved pasture, while 8 ha were
used to grow cereals for research on crop
residues. The latter area was also used to
evaluate the legumes Trifolium tembense and
Vicia dasycarpa.

forage species adapted to particular eleva-
tions. These trials took place at 10 locations
in 1982, of which two were ILCA research
sites.

With the PGRC, the group published the
first issue of a joint germplasm newsletter.

Lastly, the group assisted in the forage
agronomy work of ILCA’s Highlands Pro-
grammec at Debre Berhan station. This re-
search is described in the Highlands Pro-
gramme’s section of this repoart.

Germplasm collection and
evaluation in 1983

Germplasm collection within Africa will
continue, with emphasis on such legume
genera as Stylosanthes, Zornia, Neonotonia and
Trifolium.

Screening will be done at the same sites as
in 1982, but more broadly in the Rift Valley,
by means of strip trials. The selection of
screening sites in Ethiopia is being support-
ed by a study which will relate the edaphic
and climatic conditions available in Ethio-
pia to those of the rest of Africa.

A training course on forage production
will be run for BSc level agronomists in Sep-
tember - October 1983, while a workshop to
initiate an African forage research networkis
planned for the same period.

Forage evaluation

A variety of forages and mixtures which had
been found promising in small plots were
grown on areas of up to 400 m’ for feeding
trials. Oat varieties and Italian rye grass
gave excellent yields and intake by cattle was
high. The fat percentage of milk from cows
fed on a mixture of oats and forage fell from a
norm of 4-4.5% to less than 2.5% after 3
weeks. This effect is common, but is of par-
ticular concern in livestock systems in which
milk is a major energy food and butter-
making is the main form of processing.

An evaluation was made of the local spe-
cies Trifolium tembense, which grows well in
seasonally waterlogged soils and in competi-
tion with tall-growing grasses. Chemical
analyses showed that leaves contained over
25% protein and were 72% digestible.
Stems, which formed over 55% of the total
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DM, were found to contain nearly 12% pro-
tein and were 70% digestible. Feeding trials
with sheep showed that stems were more
palatable than leaves, an important factor in
a species which produces a large proportion
of stem,

The effects of feeding T. tembense and hay
mixtures to Friesian x Zebu cows were inves-
tigated. When a grass hay ration of 68% di-
gestibility was replaced by a T.. tembense/grass
hay mixture of 65% digestibility, feed intake
increased by 25% and milk yield by 15%.
After 2 weeks, milk fat content declined from
5% t04.2%. On reversion to a ration of grass
hay without T. tembense, fat content and milk
yield returned to their previous levels. T tem-
bense thus appears a useful supplement for
dairy cows.

Optimum utilisation of crop residues
and forage legumes

Throughout Africa, there is considerable in-
terest in improving the nutritive value of
agricultural byproducts and agro-industrial
wastes by various chemical, physical and
microbiological treatments. Experiments
began in 1982 to improve the nutritive value
of cereal crop residues (CCRs) by using mild
alkaline compounds such as slaked lime and
fertiliser grade urea.

In the first experiment, teflf straw, wheat
straw and a mixturc of haricot bean and
cowpea haulms were sprayed with 4% urea
(1litre/kg straw). These byproducts were fed
to sheep after ensiling for either 3- or 6-week
periods, and compared with a control which
had been neither sprayed nor ensiled. The
results obtained for tefl straw are shown in
Table 13.

In the second experiment, two further
treatments were applied to teff straw: soak-
ing for 72 hours 1n a 1% solution of slaked

lime, and for 24 hours in a 10% solution.

The apparent digestibility of organic mat-
ter, DM, neutral detergent fibre and cellu-
lose were not significantly different between
the two treatments. Similar observations
were made when a mixture of haricot bean
and cowpea haulms was treated in the same
manner and fed to sheep.

Because the slaked lime treatment did not
improve the nutritive value of CCRs, a third
experiment was conducted using vrea only.
The objective of this experiment was to sep-
arate the effects of urea as a source of non-
protein nitrogen (NPN) and as an alkaline
substance decomposing structural carbohy-
drates. Two treatments were used: firstly oat
straw was sprayed with 4% urea solution
and fed immediately without ensiling, and
secondly oat straw was sprayed with an
identical solution but fed after ensiling for
3 weeks.

This experiment showed that ensiling
after spraying improved nutritive value by
degrading structural carbohydrates. How-
ever, NPN was lost as ammonia gas during
fermentation.

Further experiments investigated the pos-
sible synergistic effects in the utilisation of
coarse roughage when graded levels of T.
tembense were fed with CCRs. Preliminary re-
sults indicated that as the proportion of 7.
tembense increased, so there was a progressive
and often significant improvement in the in-
take and digestibility of other chemical com-
ponents - with the exception of neutral deter-
gent fibre. The digestibility of this compo-
nent was depressed because of its high level -
44% - in T. tembense. There was an indication
that when rations contain more than 30% 7.,
tembense, urinary nitrogen excretion rises
sharply. These experiments will continue
during 1983,

Table 13. Nutritional value of tef! straw after spraying with urea and enslling

for 3- or 6-week periods.




Estimates indicate that of the 140 million cattle
in Africa at least 70% depend for pa.t of the
year on crop residues. Although these residues
are nutritionally low in quality, they may be
almost the only feed resources available in the
dry season, at which time the natural vegetation
is of even lower quality. In Ethiopia, for example,
about 80% of the total feed resources are pro-
vided by crop residues and stubble grazing.

Over the last 10 years, research workers
throughout Africa have tried to improve the nu-
tritive value of cereal straws by using alkalis, or
to prepare complete livestock rations with agri-
cultural byproducts such as cocoa husks, ground-
nut cake and milling byproducts. Research
within ILCA focuses on meeting the nitrogen
deficiency in coarse roughages by feeding graded
quentities of legume hays and haulms, by sup-
Dlying legumes as fodder banks and alley crops,
or as non-protein nitrogen in the form of urea.

Considering the wide diversity of crop residue
studies being conducted in Africa, there is a clear
need to foster professional contacts and share in-
Jformation.

At a workshop organised by ILCA and the
Association for the Advancement of Agricultu-

Improving livestock feed resources: The African
Research Network on Agricultural Byproducts

ral Sciences in Africa (AAASA) in Douala in
1980, 52 participants recommended that ILCA
Jform a network of scientists involved .1 research
on the use of crop residues for feeding livestock.
Similar requests were tabled at meetings in Aru-
sha (1981) and in Dakar (1981), where over 60
scientists at each workshop met to discuss their
work on agricultural byproducts. The network,
known as ARNAB, was finally launched in
mid-1981. Activities so far have been to identify
scientists engaged in relevant research, to en-
courage information sharing through a newslet-
ter, and to promote interdisciplinary research on
availability, seasonality, alternative uses and
transport costs of byproducts. Future activities
will include assistance to research workers in
standardisir g their experimental procedures,
and the dv.clopment of appropriate technology
easily adaptable by farmers.

The network continues to grow in popularity,
and the Scientific Secretary broadened his con-
tacts by attending the IDRC Workshop on By-
product Utilisation in Nairobi in September
1962.

Nutrition laboratory

Expansion of laboratory services continued
in 1982 with the installation of an auto-
analyser to increase the output of nitrogen
and phosphorus analyses. These analyses
are important in view of the probabie defi-
ciency of these plant nutrients in many Afri-
can soils. Other equipment installed and
used during 1982 included specific ion elec-
trodes for some mineral analyses. Mineral
analyses were carried out on a number
of browse samples from pastoral projects.
Average contents were 0.07% phosphorus,
0.5 to 2.5% potassium and 0.3 to 8% cal-
cium, while in vitro digestibility was 35 to
80%. An adiabatic bomb calorimeter was
used to determine the energy content of feeds
as part of the animal traction research con-
ducted by the Highl~~ds Programme.

Analyses of groundwater samples from
wells in the southern Ethiopian rangelands
showed a dissolved mineral content varying
from 0.1 to 1.0%. The higher saline wells are
used only for camels, sheep and goats. The
nature of the solutes is now under study.

During 1982 the nutrition laboratory con-
ducted 11 000 chemical determinations on a
total of 4000 soil, water, feed and faecal
samples.

For rapid screening purposes and for as-
sessment of animal production potential a
modification of the double-enzyme in vitro di-
gestion method was developed. The method
has been scaled down without serious loss of
accuracy or repeatability, thereby economis-
ing on reagents and enzymes and permitting
the incubation and centrifuy:::; of large
numbers of samples in standard-sized labo-
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ratory cquipment. For a series of 30 forages
of known in vivo digestibility, the value of the
correlation coefficient between in vitro and in
vivo digestibility was 0.94, and the regression
equation for estimation of in vivo % digesti-
bility (y) from in vitro % digestion or % DM
solubility (x) was:
y=0.74x + 15.72 £+ 2.83

Animal nutrition

Sheep. The occurrence of oestrus in a flock of
50 Ethiopian highland sheep has been stu-
died for nearly a year. Vasectomized rams
with mating harnesses and crayons were run
with the flock. Ewes began to show oestrus at
16-18 kg liveweight (6-8 months of age), and
continued throughout the year with no sea-
sonal anoestrus. Postpartum anoestrus last-
ed for 90-100 days. Because of the need to
keep animals away from growing crops,
grazing was restricted during the main wet
season (July - September). During this peri-
od cwes decreased from 27 to 22 kg in live-
weight, and this was associated with a reduc-
tion in recorded oestrus cycles from 75% to
45% of the theoretical number. This con-
firmed that the occurrence of oestrus is influ-
enced by nutritional level.

Cattle. 1. Friesian x Zebu calves were reared
on controlled milk intakes ranging from 1.8
to 3.6 litres/day. Because of compensating
differences in pasture and hay intake, weight
gains were fairly similar for all calves (0.32 to
0.43 kg/day) and the ratio of litres of milk in-
take to kg liveweight gain ranged from below
5 to over 10, with an overall mean of 8.3.

Table 14. Feed value and intako of grass hays by Zebu

This ratio is an important aspect of the esti-
mation of cow milk production in pastoral
systems and merits further study.

2. The feed intake of cows and oxen
was estimated by the chromic oxide method
over a range of forage quality both in the
field and in pens. Some of the results of this
work are given in Table 14.

The differences in intake between breeds
partly reflect variation in liveweight, but in-
takes of the Fricsian x Zebu dry cows in-
creased far more rapidly with improvements
in feed quality than did those of pure Zebus.
This {inding points to the need for better
quality forage to enable Friesian x Zebu
cattle to attain their potentially far higher
productivity. The digestibility of poor-quality
hays was appreciably higher for Zebu cattle
than for Friesian x Zebus.

3. Four fistulated cattie were used for
‘raining courses prior to their use in pastoral
systems to obtain samples of grasses and
browse plants eaten by cattle.

Comparison of feed intake with oesopha-
geal fistula extrusa showed that the percen-
tage recovery of ingested herbage ranged
from 20% to 65% in different animals, but
averaged about 40% for the group of four
cattle over all feed types.

Composition of fistula extrusa was greatly
affected by the presence of salivary nitrogen
and phosphorus, even when excess saliva
was allowed to escape from the sample col-
lected. This means that the content of these
important nutrients in browse cannot be es-
timated easily from the samples obtained
from oesophageal fistulae.

and Friesian x Zebu cettle.

* A: Pre-bloom high-quality hay; B: Half-bloom intermediate-quality hay; C: Full-bloom intermediate-quality hay;

D: Late-bloom low-quality hay.



The Aerial Survey Unit

' Projet Pilote d'Inventaire et
de Surveillance Continue
des Ecosystémes Pastoraux
Saheliens.

ILCA’s Aerial Survey Unit maintained a
high level of operations throughout 1982. It
concentrated on establishing natural re-
source inventories and seasonal trends over
large tracts of land, where accurate data are
not obtainable by other means. ILCA owns
a twin-engined Partenavia aircraft and
maintains a team of trained observers in
each country where aerial surveys are regu-
larly conducted. Surveys are flown between
120 and 300 metres above ground, along
parallel lines to cover the study area system-
atically and at a predetermined sampling
fraction.

During 1982 nine surveys were conducted
in four countries for ILCA’s own field teams
and for other research groups concerned
with livestock development. Details of these
surveys are provided in Table 15.

The wet-season survey in the Niger Range
and Livestock (NRL) Project arca followed
two earlier surveys in 1981. The distribution

Table 15. Aerial surveys flown by ILCA in 1882,

of range resources, livestock and waterpoints
was determined for seven herders’ associa-
tions - the basic unit for development by the
project.

The two surveys of Nigeria’s subhumid
zonc were conducted during the wet and dry
seasons. The object:ve of these surveys was
to clarify whether the close association of
cattle production and arable farming, which
had been previously noted by ILCA’s sub-
humid team, was a general featare of the
zone. The results from these two surveys will
be included in a wider study of the ecology of
the subhumid zone of Nigeria. This study
will be completed in April 1983.

Data from all these surveys were fully
analysed and reports were issued during the
year. In 1982 the unit also trained a team of
ODEM observers to conduct surveys and
analyse data. Finally, the unit supplied a
plane and pilot to the UNEP aerial survey
programme' in Senegal during the year.

* Office pour le Développement de |'Elevage dans la Reégion de Mopti.

Computer services

In 1980 ILCA purchased a Hewlett Packard
3000 series III computer system. The sys-
tem consisted of the computer processor,
two 300-line-per-minute printers, two 120-
million-character on-line discs, a nine-track
magnetic tape unit, a 300-card-per-minute
reader and 12 interactive terminals.

The computer is staffed by a computer
manager, two coniputer operators and three
data entry operators. Advice and assistance
with statistical analysis are provided by a
biometrician and two programmers.

Within ILCA there are currently three de-
partments using the computer: Info: mation,
Operations and Research.

The Information Department uses the
computer for the storage and retrieval of
bibliographic material in ILCA’s database
covering current scientific literature in
the ILCA libtary and documents coliected
by the ILCA/IDRC microfiche project.
These documents are predominantly non-
conventional livestock literature collected
from African countries.
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The Operations Depariment currently
runs a general ledger program for the finan-
cial management of ILCA. Further proce-
dures will be computerised as time and re-
sources permit.

Important as thesc uses are, ILCA’s com-
puter system serves mainly for the analysis of
data collected by the centre’s field pro-
grammes.

ILCA cannot afford to develop large soft-
ware packages and has therefore sought soft-
ware already written for the HP 3000 III.
These are supported and updated by the
supplying organisations at minimum cost.
ILCA’s m="n software packages are as fol-
lows:

1. MINISIS, developed by the Interna-
tional Development Research Centre
(IDRC), Canada; used for ILCA’s docu-
mentation system.

2. SPSS (Statistical Package for the Social
Sciences) and BMDP (Biomedical Com-
puter Programs) from McMaster Uni-
versity, Canada; used extensively to
tabulate and statistically analyse data
quickly and efficiently.

3. LINDO (Linear, Interactive and Dis-
crete Optimizer) from the University of
Chicago; used to analyse resource alloca-
tions in furming systems.

4. Harvey’s Least Squares from Ohio State
University; used in the field of animal
production to analyse productivity, re-
peatability and heritability of biological
traits.

While the design of such major computer
packages is beyond ILCA’s resources, the
programming staff are constantly writing
smaller programs. These programs are used
to edit, verify and construct data files for
future use by the large software packages.
Two programs written by ILCA staff are the
general ledger accounting system and
ILCA'’s livestock simulation model.

In the livestock model a herd is simulta-
neously represented as a biological and an
economic unit. The model is described in the
following publication: Cattle herd dynamics:
An integer and stochastic model for evaluating pro-

duction alternatives, by P.A. Konandreas and
F.M. Anderson (ILCA Research Report 2,
1982).

The computer unit performs statistical
analyses for all of ILCA’s field programmes
and has started + expand its services to na-
tional research institutes. In the last 12
months work has been completed for the In-
stitute of Agricultural Research in Ethiopia
and for Senegal’s Centre de Recherches Zoo-
techniques, Kolda. It is hoped that over the
next 12 months more research institutes can
be assisted in a similar way.

In an effort to streamline data collection,
five micro-computers have been installed
within ILCA’s field programmes. Scientists
are thus able to verify their data and obtain
initial results before the data are sent to
headquarters for complete analysis. A data
collection network is to be established
throughout ILCA’s ficld programmes using
micro-computers, between which data can
be transferred on diskettes.

Within the Information and Research De-
partments, there is a demand for text editing
for report preparation. The word processing
capabilities of the HP 3000 and the micro-
computers enable staff to prepare texts on
any one of the terminals connected to the
system. Draft material can be modified and
edited efficiently, and once in final form can
be transterred electronically to the CRTron-
ic Linotype machine in the Publications Sec-
tion of the Information Department for final
typesetting. Alternatively, material can be
printed out in multiple copies directly by the
computer system itself.

As the need for data entry and analysis
increased, an extra four terminals were
added in 1982 and a further 10 terminals will
be installed in April 1983. This will bring the
system to its maximum configuration of 24
terminals. To handie the increased storage
requirements of the documentation data-
base anc' scientific data from research pro-
grams, an additional on-line disc of 404
million characters will also be installed in
April 1983.



Library and Documentation Services

Library

By the end of 1982 the library’s book collec-
tion had grown to more than 11 000 titles
and included both basic reference works and
specialised studies. The microfiche collec-
tion contained 20 000 items, ranging from
university theses to unpublished reports.
The periodicals collection included some
850 general and scientific publications, to-
gether with newspapers, abstracts, journals,
annual reports, newsletters, bulletins, year-
books and other material from many institu-
tions and countries. There was also a large
collection of pamphlets, maps, photographic
prints, colour slides, and atlases.

During 1982 the library provided over
30 000 photocopies and 21 000 microfiches,
and lent 7000 titles to users both within and
outside ILCA.

Microfiche project

The microfiche project, cosponsored by
ILCA and the International Development
Research Centre (IDRC), continued to play
its important role during 1982. Itis designed
to locate, conserve and make available docu-
ments on livestock production from all parts
of sub-Saharan Africa, mainly of a non-
conventional nature, that might otherwise
be overlooked or lost.

Microfiches had been collected from nine
countries by the ILCA microfiche team dur-
ing the previous year: Burundi, Cameroon,
Ghana, Senegal, Sudan, Tanzania, Zaire,
Zambia and Zimbabwe. In 1982 600 cata-
logues each for six of these countries were
compiled, printed and distributed, while for
Ghana, Senegal and Zimbabwe catalogues
were ready for press by the end of the year.

Duplicate sets of microfiches were pro-
duced and distributed to 18 institutes in
three countries that the ILCA team had vis-
ited the previous year — Cameroon, Nigeria
and Sudan. In addition to the 20 000 micro-
fiches supplied in this way, ILCA provided
further copies of microfiches from its master
set to a number of external bodies during
1982,

Besides providing an information service,
the project serves to spread the use of micro-
fiches, since at least one institution in each
African country involved has now been
supplied with its own microfiche reader. For

ILCA’s own scientists, as well as those in na-
tional institutes, the project is providing an
invaluable source of research material.

Selective Dissemination of
Information (SDI)

During 1982 ILCA started a new service for
livestock researchers throughout Africa: the
regular screening of tapes from both the
FAO Agricultural Information Service
(AGRIS) and Commonwealth Agricultural
Bureaux (CAB) to provide specialists with
abstracts covering their field of interest. A
growing number of individual scientists reg-
istered their research profiles with ILCA
and received monthly print-outs free of
charge.

Information Processing Unit

The Information Processing Unit catalogues
and indexes all material received and enters
it on ILCA’s database. During the year the
temporary database that had been devel-
oped on FAO’s system, before ILCA ac-
quired its computer in February 1981, was
merged into ILCA’s own database, known
as BIBLIO. By the end of the year BIBLIO
held nearly 20 000 records; from now on it is
expected to grow by 5000 items annually.

During the year a number of retrospective
searches were conducted for both ILCA staff
and outside researchers, using CAB and
AGRIS tapes as well as the centre’s own
database.

The unit also developed a computerised
mailing list for the rapid dispatch of ILCA’s
publications and the efficient updating of ad-
dresses.

Future activities

In 1983 a second phase of the IDRC/ILCA
microfiche project will start. In this 2-year
phase repeat visits will be made to three
countries already visited under the first
phasc — Kenya, Botswana and Zimbabwe. A
further 11 countries will be visited for the first
time, subject to governmental approval —
Chad, Guinea, Ivory Coast, Malawi, Mau-
ritania, Niger, Rwanda, Somalia, Togo,
Uganda and Upper Volta.
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Specialised bibliographies will be pro-
duced on a number of topics in cooperation
with ILCA staff. The first of these will cover
the field of animal traction, a major topic of
ILCA’s research.

Group training

During 1982 courses, workshops and semi-
nars were organised by ILCA’s field teams
as well as by the Training Section at head-
quarters. Three refresher courses were held
to upgrade the technical ability of African re-
searchers in nutritional analysis and labora-
tory methods.

&

Individual training

During 1982 18 scientists were registered for
individual training. Of these 18, two were
visiting scientists on sabbatical leave: one
was from Makerere University and analysed
animal breeding data with the Highlands
Programme, while the other was on leave
from Ahmadu Bello University and studied
soil/plant/animal/mineral relationships with
the Subhumid Zone Programme. A fur-

Table 16. Courses, workshops and seminars held byILCAIn 1982,

B e

The documentation facilities offered by
ILCA will be publicised throughout Africa
and an increasing number of research wor-
kers will receive abstracts of papers in their
field of interest from ILCA’s SDI service.

In addition, three workshops and semi-
nars were convened at which ILCA’s re-
search results were presented and discussed
with national and international authorities.
Table 16 gives details of all the courses,
workshops and seminars held during 1982 at
headquarters or on the field programmes,

ther 11 trainees worked as short- or long-
term fellows with ILCA teams in the field or
at headquarters. The remaining five were
ILCA staff members receiving in-service
training at colleges and universities abroad.

Finally, ILCA staff acted at various times
during the year as examiners and supervi-
sors at the Alemaya College of Agriculture of
the University of Addis Ababa.



Publications

Publishing is one of ILCA’s fastest growing
activities. As the centre’s research matures,
so the need to communicate scientific results
increases rapidly. As its training and cooper-

-ative programmes evolve in scope and com-

plexity, so the need to explain them to a
wider audience also grows.

Over the last 2 years ILCA has therefore
expanded its publications team and installed
a wide range of new equipment at headquar-
ters. The number of staff has grown from 5 to
over 20, and the team now includes a Head
of Publications, an English-language science
writer/editor, a French-language editor/
translator, two designers, a photographer,
two proofreaders, four typesetters, a printer
and seven graphic arts technicians. The new
equipment installed includes a CRTronic
Linotype electronic typesetter, a full range of
filming and plate-making facilities, a Heidel-
berg GTO single-colour offset printing press
and a Minabinda 780 glueing and binding
machine. With its new equipment, the team
is now independent of commercial printing
facilities.

The year 1982 saw the launching of a new
range of publications at ILCA. The ILCA
Newsletter appeared on a quarterly basis,
while the centre’s first Annual Report was pub-
lished in May. A series of short brochures
describing ILCA’s research and training
activities was initiated, and a new series of.

Kesearch Reports replaced the former Systems
Studies and Monographs. These new publish-
ing ventures reflected the centre’s determi-
nation to improve the dissemination of'its re-
search results as well as to reach a wider au-
dience with a more popular message. Three
conference reports and two issues of the
ILCA Bulletin were also published in 1982.
Lastly, six catalogues of literature collected
by the ILCA/IDRC microfiche project were
produced, the Programme and Budgel was
printed, and the centre met all its own ad-
ministrative printing requirements. A list of
the major titles produced by ILCA Publica-
tions in 1982 is given in the Annex to this re-
port.

A publication from ILCA not only has to
read well; it has to look good. Another major
initiative during 1982 was therefore to im-
prove the design of the centre’s publications.
New ranges of typefaces and better grades of
paper made it possible to produce a wider
variety of more attractive publications.

Subject to the availability of resources,
activities will expand in two further ways
during 1983. Firstly, the team will begin pro-
ducing tape/slide presentations to promote
ILCA’s technical innovations. Secondly, a
series of technical newsletters will be devel-
oped in order to enhance information ex-
change through ILCA’s networks.
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The CGIAR: An international network for
agricultural research in the Third World

The Consultative Group on International Agri-
cultural Research (CGIAR) was founded in
1971 to finance and coordinate research on the
0od and agricultural problems confronting the
Third World. It consists of governments, inter-
national agencies and private foundations. The
chairman and secretariat are staff members of
the World Bank, while technical guidance and
review are provided by a Technical Advisory
Committee (TAC) made up of 13 distinguished
agricultural and social scientists drawn about
equally from developed and developing coun-
tries.

The origin of the group lies in the great suc-
cess of two intemational research institutes that
had been set up by the Ford ard Rockefeller
Foundations in the 1960s: the International
Rics Research Institute (IRRI), established in
the Philippines in 1960, and the International
Maize and Wheat Improvement Centre
(CIMMYT) in Mexico, formally constituted
in 1966. Their objective was to breed varieties of
rice, maize and wheat that would respond to fer-
tiliser and irrigation. Within 10 years, their
breeding programmes had been extremely suc-
cessful and millions of farmers throughout Lat-
in America and Southeast Asia were adopting
the advanced technology of improved varieties
and fertiliser. Crop production rose dramatical-
ly and the Green Revolution was born.

The impact that high-level scientific research
could make on food output in the developing
world had been amply proven. But more research
was necessary in the light of accelerated popula-
tion growth. It was to promote such research that
the group was set up. Since its establishment a
Jurther 11 centres have been created.

The main emphasis continues to be on the im-
provement of food crops. The International In-
stitute of Tropical Agriculture (IITA), the
International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), the Interna-
tional Centre for Agricultural Research in the

Dry Areas (ICARDA), the Intemational
Centre for Tropical Agriculture (CIAT), the
Intemnational Potato Centre (CIP) and the
West African Rice Development Association
(WARDA) all conduct research on the most im-
portant cereal, legume, root and tuber crops of
the developing world.

Howeuver, the group recognised the vital im-
portance of animal production in the Third
World, and in the mid-1970s established two
centres to conduct research on livestock: the
Intemational Livestock Centre for Africa
(ILCA) and the International Laboratory for
Research on Animal Diseases (ILRAD).

In addition, the International Board for
Plant  Genetic  Resources (IBPGR) was
Jounded to collect and conserve germplasm that
might otherwise be lost, while the International
Food Policy Research Institute (IFPRI) and
the Intemational Service for National Agricul-
tural Research (ISNAR) complete the network.

The impact of this international agricultural
research network is not confined to new technol-
0gy. It provides leadership in multidisciplinary
approaches to the analysis and improvement of
what are often highly complex food production
systems. Such leadership is illustrated by
ILCA’s systems approach to livestock research.
The results of research have demonstrated to pol-
icy makers that investment in high-quality agri-
cultural research pays high dividends.

Funding for the 13 centres increased sixfold
between 1972 and 1980. However, in the last 2
Jears donor contributions have grown relatively
slowly. In 1982 the group’s total core budget
amounted to some US$ 140 million, compared
with US§ 127 million in 1980. Limited in-
creases in funding, combined with fluctuations
in exchange rates and rapid inflation, have
caused most centres to cut back their activities at
a time when the need and demand for their servi-
ces are increasing rapidly.




Abbreviations

AAASA:
AGRIS:
APRU:
ARDU:

ARNAB:

ATIP:
BIBLIO:

BMDP:
CAB:

CADU:

CCRs:
CGIAR:

CIAT:

CYMMIT:

CIP:

CSIRO:

FLD:
EEC:
EDF:
FAO:

GTZ:

IAR:
IBPGR:

ICARDA:

ICIPE:

ICRISAT:

IDRC:

Association for the Advancement
of Agricultural Sciences in Africa
FAO Agricultural

Information Service

Animal Production Research
Unit (Botswana)

Arsi Rural Development Unit
(Ethiopia)

African Research Networkon
Agricultural Byproducts

(ILCA, Ethiopia)

Agricultural Technology
Improvement Project (Bofswana)
The name of ILCA’s biblio-
graphicdatabase

Biomedical Computer Programs
Commonwealth Agricultural
Bureaux (UK)

Chilalo Agricultural Develop-
ment Unit{Ethiopia)

Cereal crop residues
Consultative Group on Inter-
national Agricultural Research
(Washington, D.C.)
International Centre for Tropical
Agriculture (Colombia)

International Maize and Wheat
Improvement Centre (Mexico)
International Potato Centre
(Peru)

Commonwealth Scientific and
Industrial Research
Organisation (Australia)
Federal Livestock Department
(Nigeria)

European Economic Community
European Development Fund
Food and Agriculture Organi-
sation of the Unitcd Nations
Gesellschatft fir Technische
Zusammenarbeit (Agency for
Technical Cooperation;
Germany — Federal Republic)
Institute of Agricultural
Research (Ethiopia)
International Board for Plant
Genetic Resources (Italy)
International Center for
Agricultural Researchin the
Dry Areas (Syria)
International Centre for Insect
Physiology and Ecology (Kenya)
International Crops Research
Institute for the Semi-Arid
Tropics (India)

International Development
Research Centre (Canada)

IFAD:
IFPP:
IFPRI:
IITA:

ILRAD:

IRRI:
ISNAR:
LANDSAT:
LINDO:

MINISIS:

NAPRI:
NASA:
NRL:

ODEM:

PGRC:

PPR:
RDP:

SDI:

SODEFPRA:

SPSS:
TAC:
TCRV:

TLU:
UNDP:

UNEP:
USAID:

WARDA:

International Fund for Agri-
cultural Development (Italy)
Integrated Farming Pilot
Project (Botswana)
International Food Policy
Research Institute (USA)
International Institute of
Tropical Agriculture (Nigeria)
International Laboratory for
Research on Animal Diseases
(Kenya)

International Rice Research
Institute (Philippines)
International Service for National
Agricultural Research
(Netherlands)

Land Resources Satellite
Linear, Interactive and Discrete
Optimizer (software package)
A software package déveloped by
IDRC for handling bibliographic
data

National Animal Production
Research Institute (Nigeria)
National Aeronautical and
Space Agency (USA)

Niger Range and Livestock
Project

Organisation pour le Dévelop-
pementde’Elevage dans

la Région de Mopti (Mali)
Plant Genetic Resources
Centre (Ethiopia)

Peste des petits ruminants
Rangelands Development
Project (Ethiopia)

Selective Dissemination of
Information

Société de Développementdes
Productions Animales

(Ivory Coast)

Statistical Package for the
Social Scier.ces

Technical /Advisory
Committec: for the CGIAR
Tissue Culture Rinderpest
Vaccine

Tropical livestock unit (250 kg)
United Nations Development
Programme (Italy)

United Nations Environmental
Programme (Italy)

United States Agency for
International Development
West African Rice Development
Association (Liberia)
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Annexes

‘Staff List

(Supervisory and professional staff, as at 1 May 1983)

DIRECTORATE

P.J. Brumby, Director General
C. de Haan, Acting Deputy Director General

HEADQUARTERS RESEARCH
AND SUPPORT UNITS

L.J. Lambourne, Director of Research
M_.H. Butterworth, Deputy Director of Research and
Head of Nutrition

Livestock Policy Unit

S.G. Sandford, Economist and Acting Director
of Information

Addis Antench, Economist

Livestock Productivity

and Trypanotolerance Group

J.C.M. Trail, Animal Geneticist

H. Machl, Animal Scientist

J. Sandford, Data Analyst

Y. Wissocq, Economist

Forage Legume Agronomy Group

J.R. Lazier, Forage Agronomist
J.M. Kahurananga, Forage Agronomist

Nutrition Unit

Aklilu Askabe, Experimental Officer

A K. Mosi, Animal Nutritionist

M.B. Olayiwole, Ruminant Nutritionist
(Visiting scientist)

J.D. Reed, Animal Nutritionist (Post-doctoral fellow)

Aerial Survey Unit

J. Meunier, Pilot

Cartography Unit

M.S.D. Haywood, Photo-interpreter/Cartographer

Computer Unit

J. Durkin, Computer Manager

D. Light, Programmer
A R. Sayers, Biometrician

INFORMATION SERVICES

Library and Documentation Services

Michacl Hailu, Head of Dozumentation
Azeb Abraham, Librarian

Publications

S.D. Chater, Head of Publications

C. De Stoop, Administrative Assistant
A. Gillard, Designer

D. Niang, Editor/Translator (French)
R.A. Stewart, Science Writer

INTERNATIONAL LIAISON
AND TRAINING

M. Sall, Director of International Liaison
and Training

Amde Wondafrash, Liaison Officer

E. Mukasa-Mugerwa, Training Officer

Tafesse Akale, Protocol Officer

OPERATIONS
Administration

K.F.M. Geerts, Head of Administration
AM. Conti, Personnel Qfficer

F. Leone, Maintenance Engineer

J.A.T. Thersby, Warden Officer

J.-W. Whalley, Site Development Manager

Finance
A.H. Thabit, Financial Controller
Belayhun Wondimu, Chief Accountant

Emmanuel Tesfamariam, Budget Officer
Tekeste Berhan Habtu, Procurements Officer

FIELD PROGRAMMES

Highlands Programme (Ethiopia)

F.M. Andecrson, Team Leader, Agricultural
Economist

Abate Tedla, Forage Agronomist

Ephraim Bekele, Dairy Production Officer

Getachew Assamenew, Agricultural Economist
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G. Gryseels, Agricultural Economist

1. Haque, Soil Scientist

S. Jutzi, Forage Agronomist

Tadesse Tessema, Coordinator,
Debre Zeit Field Station

1. Whalzn, Rural Sociologist
(Rockefeller post-doctoral fellow)

Woldeab Wolde Mariam, Coordinator,
Debre Berhan Field Station

Arid and Semi-arid
Zones Programme (Mali)

R.T. Wilson, Team Leader, Animal Scientist
M.S. Dicko, Animal Nutritionist

C. Fowler, Biometrician

P. Hiernaux, Ecologist

H. Hulet, Agronomist

S. Maiga, Veterinarian

J. Marie,Geographer

S. Soumare, Sociolvgist

J.J. Swift, Economist

A. Tall, Administration Officer

K.T. Wagenaar, Animal Scientist
M.C. Wagenaar, Human Nutritionist

Subhumid Zone Programme (Nigeria)

R.R. von Kaufmann, Team Leader,
Agricultural Economist

W, Bayer, Animal Scientist

J.A. Maina, Veterinarian

E.O. Otchere, Animal Nutritionist

J-M. Powell, Crop Agronomist

M.A M. Saleem, Forage Agronomist

H. Suleiman, Field Supervisor
E. Taylor-Powell, Sociologist
A. Waters-Bayer, Sociologist

Humid Zone Programme (Nigeria)

C. Okali, Team Leader, Socio-economist

B. Carew, Animal Nutritionsst

$.D. Mack, Animal Scientist

E. Onycka, Farm Manager

B. Opasina, Veterinarian

J. Sumberg, Forage Agronomist
Rangelands Programme (Ethiopia)

N.J. Cossins, Team Leader, Socio-ecomomist
Assefa Eshete, Photo-interpreter

Belete Dessalegne, Animal Scientist

J-C. Bille, Ecologist

M,J. Nicholson, Animal Scientist

Rangelands Programme (Kenya)

Solomon Bekure, Team Leader,
Agricultural Econorist
F. Chabari, Economist
B.E. Grandin, Anthropologist
J. King, Animal Scientist
P.N. de Lecuw, Ecologist
A. Okuome, Administration and Finance Qfficer
I ole Pasha, Sociologist
P. Semenye, Animal Scientist
M. de Souza, Sociologist

Rangelands Programme (Botswana)
N. Abel, Range Scientist

The ILCA programmes
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Headguarters/Central Research/Training/Information

P.O.Box 5689, Addis Ababa, Ethiopia.
Telex: 21207

Highlands Programme
P.O.Box 5689, Addis Ababa, Ethiopia,
Telex: 21207

Humid Zone Programme
P.O.Box 5320, Ibadan, Nigeria.
Telex: 31417

Subhumid Zone Programme
P.O.Box 2248, Kaduna, Nigeria.
Telex: 71384

Arid and Semi-arid Zones Programme
P.O.Box 60, Bamako, Mali.
Telex: 459

Rangelands Programme (Ethiopia)
P.O.Box 5689, Addis Ababa, Ethiopia.
Telex: 21207

Rangelands Programme (Kenya)
P.O.Box 46847, Nairobi, Kenya.
Telex: 22040

Rangelands Programme (Botswana)
P.O.Box 20604, Gaborone, Botswana.
Telex: 2412



Board of Trustees

(as at 1 May 1983)

R.E. McDowell (USA), Chairman
Aklilu Afework (Ethiopia)
Asscfa Woldegiorgis (Ethiopia)
P. Chigaru (Zimbabwe)

Z. Coulibaly (Mali)

K.B. David-West (Nigeria)
A.K. Diallo (Senegal)

K. Meyn (West Germany)

B. Nestel (UK)

A. Provost (France)

G.M. Sorbo (Norway)

J-S. Tyc (Switzerland)

P.J. Brumby (New Zealand)

Executive Committee

Chairman: R.E. McDowell (USA)

Programme Committee

Chairman: A. Provost (France)

from December 1963 : K. Meyn (West Germany)

Finance Committee

Chairman: B. Nestel (UK)

List of 1982 donors

CGIAR contributions

African Development Bank
Australia

Belgium

Denmark

France

Germany - Federal Republic
India

International Development Association
(World Bank)

International Fund for Agricultural
Development (IFAD)

Ireland
Italy
Netherlands
Nigeria

Norway

Sweden

Switzerland

United Kingdom

United States of America (USAID)

Special project grants
Belgium

Botswana

Ethiopia

Ford Foundation

International Development Research
Centre (IDRC)

Kenya
Nigeria

Office de Déveioppement de I'Elevage de la

Région de Mopti (ODEM)



ILCA publications

Research Reports

Fall, A., Diop, M., Sandford, J., Wissocq, Y.].,
Durkin, J. and Trail, J.C.M. 1982. Evaluation
of the productivities of Djallonke sheep and N’Dama
cattle at the Centre de Recherches Zootechnigues,
Kolda, Senegal. ILCA Research Report 3,
Addis Ababa.

Konandreas, P.A. and Anderson, F. M. 1982,
Cattle herd dynamics: An integer and stochastic
model for evaluating production altemnatives. ILCA
Research Report 2, Addis Ababa.

Systems Studies

CIPEA-APKU. 1982. Modélisation mathématique
des systémes de production animale: Application au
Botswana du modéle de production bovine de la Texas
A & M University. CIPEA Etude de Systémes
No 1, Addis-Abeba.

Monographs

Trail, J.C.M. and Gregory, K.E. 1982. Le bétail
Sahiwal: Une évaluation de sa contribution poten-
tielle a la production de lait et de viande bovine en
Afrique. CIPEA Monographie No 3, Addis-
Abeba.

Bulletin

De Montgolfier-Kouévi, C. and Anderson, F.M.
1981. Animal traction in sub-Saharan Africa.
ILCA Bulletin 14, Addis Ababa.

Wilson, R.T. (ed.). 1982. Livestock production in cen-
tral Mali. ILCA Bulletin 15, Addis Ababa.

Newsletter
ILCA Newsletter Vol. 1 (Nos. 1-4)

Conference Reports

Gatenby, R.M. and Trail, J.C.M. 1982. Small
ruminant breed productivity in Affica. Proceedings
of a seminar held at ILCA, Addis Ababa,
Ethiopia in October 1982. Addis Ababa.

Le Houérou, H.N. (ed.). 1982. Browse in Africa:
The curvent state of knowledge. Papers presented
at the International Symposium on Browse in
Africa sponsored by the International Live-
stock Centre for Africa; held in Addis Ababa,
8-12 April 1980,

Westley, S.B. (ed.). 1982. East African pastoralism:
Anthropological perspectives and development needs.
A selection of 11 papers presented at the Con-
ference on East African Pastoralism spon-
sored by the International Livestock Centre
for Africa; held in Nairobi, Kenya, 22.26
August 1977, Addis Ababa.

Indexes

Library and Documentation: Services. 1982, Ac-
cessions Bulletin (Sept. 1981-Sept. 1982). Addis
Ababa,

Service de 'Information. 1982, Catalogue des docu-
inents microfilmés par 'quipe CIPEA/CRDI,
" Mission du Burundi. Addis-Abeba,
Service de I'Information. 1982, Catalogue des docu-
ments microfilmés par Uéquipe CIPEA/CRDI,
Mission du Cameroun, Addis-Abeba.,

Information Service. 1982. Catalogue of documente
microftilmed by ILCA/IDRC team, Tanzania mis-
sion. Addis Ababa.

Information Service, 1982. Index to livestock litera-
ture microfiched in Sudan 1981. (Part 11). Addis
Ababa.

Documentation Services. 1982. Index to livestock
literature microfiched in Zambia 1961. Addis
Ababa.

Service de la Documentation. 1982, Index des docy-
ments microfilmés au Zaire. Addis-Abeba.

Annual Report

. {LCA Annual report I961. 1982, Addis Ababa. De-

scribes ILCA’s work in sub-Saharan Africa
and summarises research results achieved up
to 1981.



Programme and Budget

The programme of work and budget for 1983. 1982,
Addis Ababa.

Leaflets/Brochures

A Documentation Cenlre unigue in Africa. 1982, Addis
Ababa. Advertises ILCA’s Documentation
Centre which offers a comprehensive library
in the livestock ficld, a microfiche service con-
centrating on non-conventional literature

and a computensed information storage and
retrieval system.

East African range livestock systems research. 1982,
Addis Ababa, Describes the sites, research
objectives and methods of the ILCA research
programme in Kenya.

ILCA 1962, Addis Ababa. Briefly describes
ILCA'’s research and other activities, and the
centre’s achievements up to 1982.

STAFF PUBLICATIONS
DURING 1982

Bayer, W. and Otchere, E.O. (in press). Grazing
time of White Fulani cattle kept by settled
pastoralists on the Kaduna plains. In: Proceed-
ings of the National Conference on Beef Production,
July 1982, Kaduna.

Bekure, S. and Dyson-Hudson, N. 1982. The oper-
ation and viability of the Second Livestock Devel-
opment Project (1947 - BT). Sclected Issues.
Ministry of Agriculture, Gaborone.

Cartwright, T.C., Anderson, F.M,, Buck, N.G,, .

Nelsen, T.C., Trail, J.C.M., Pratchett, D.,
Sanders, J., Astle, W., Light, D., Rennie,
T.W,, Rose, T.]J. and Shorrock, C. 1982. Sys-
tems modelling in cattle production: An ap-
plication in Botswana. World Anim. Rev. 41:
40-45,

Chater, S.D. 1982. Tsetse flies rise to new heights.
New Scientist 95: 1313.

Cissé, S. 1982. Les unités pastorales: I'Elevage
transhumant en question ou les questions
posées par I'élevage. Nomadic people 11: 9-16.

Cissé, S. 1982. Les leydis du delta central du Niger:
Tenure traditionelle ou exemple d’aménage-
ment de territoire classique? In: eds le Bris,
E., le Roy, E. et Leimdorfer, F. Enjeux fonciers
en Afrique noire. Editions Karthala, Paris.

Gregory, K.D., Trail, J.C.M., Koch, R.M. and
Cundiff, L.V. 1982. Heterosis, crossbreeding
and composite breed utilisation in the tropics.
In: Proceedings of the 2nd World Congress on Genet-
ics Applied to Animal Production. Madrid. 6: 279-
292,

von Kaufmann, R.R. and Otchere, E.O. (in
press). A semi-intensive approach to increas-
ing Nigeria’s beef production. In: Proceedings
of the National Conference on Beef Production, July
1982, Kaduna.

Lazier, J.R., Amare Getahun, Velez, M. 1982,
The integration of livestock production in
agroforestry. In: ed. MacDonald, L.M. Agro-
Sorestry in the African humid tropics. United Na-
tions University, Tokyo. pp. 84-88.

Lazier, J.R. 1982. Key to species of Stylosanthes
native to the Caribbean. Trop. Agric. (Trin.)
59: 4, 334-335.

Lazier, J.R. (in press). Global ventures with Stylo-
santhes: West Africa. In: The biology and agrono-
my of Stylosanthes. Academic Press, London.

de Leeuw, P.N. and Konandreas, P.A. (in press).
The use of an integer and stochastic model to
estimate the productivity of four pastoral pro-
duction systems in West Africa. In: Proceedings
of the National Conference on Beef Production, July
1982, Kaduna.

Mosi, A.K. and Lambourne, L,J. 1982. Research
experiences in the African Research Network
on Agricultural Byproducts (ARNAB) in by-
product utilisation for animal production. In:
Proceedings of the Workshop on Applied Research,
26-30 September 1982, Nairobi. pp. 82-86.

Murray, M. and Trail, J.C.M. 1982, Trypanotol-
erance genetics, environmental influences
and mechanisms. In: Proceedings of the 2nd
World Congress on Genetics Applied to Animal Pro-
duction. Madrid. 6: 293-306.

Otchere, E.O., Maina, J.A. and von Kaufmann,
R.R. (in press). Productivity of traditionally
managed White Fulani (Bunaji) cattle in the
subhumid zone of Nigeria. Paper presented
at the ASAS/CSAS Meeting, August 1982,
Guelp.

Russell-Smith, A, 1982, A revision of the genus
Trabaea Simon. (Arancac: Lycosidae). Zool. J.
Linn. Soc. 74: 69-91.
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Russell-Smith, A., Cook, A.G. and Barlow, F. (in
press). Effects of fallow period on soil animals
and DDT residues following cultivation and
DDT application to a subhumid tropical
forest soil. Rev. Biol. Ecol. Sol,

Trail, J.C.M. 1982. Adaptation to tropical en-
vironments. In: Proceedings of the 2nd World
Congress on Genetics Applied to Animal Production.
Madrid. 6: 265-268.

Trail, J.C.M. and Durkin, J. 1982. Evaluation of
breed productivity in Africa and ILCA re-
sources for data analysis, In: eds Gatenby,
R.M. and Trail, J.C.M. Small ruminant breed
productivity in Africa. ILCA, Addis Ababa. PP-
37-40.

Trail, J.C.M. and Durkin, J. 1982. Handling and
analysis of production data. In: eds Gatenby,
R.M. and Trail, J.C.M. Small ruminant breed
productivity in Africa. ILCA, Addis Ababa. PP
41-59.

Trail, J.C.M. and Gregory, K.E. 1982. Produc-
tion characters of the Sahiwal and Ayrshire
breeds and their crosses in Kenya, Trop, Anim.
Health Prod. 14: 45-57,

Trail, J.C.M., Gregory, K.E., Marples, H]J.S.
and Kakonge, J. 1982. Heterosis, additive
maternal and additive direct effects on the
Red Poll and Boran breeds of cattle. /. Anim.
Sci. 54: 517-523,

Wilson, R.T. 1982. The horse improvement
scheme in southern Darfur: Policy and prac-
tice during the condominium period 19:6-
1956. Sudan Notes and Records 58: 191-198,

Wilson, R.T. 1982. Distribution and importance
of the domestic donkey in circum-Saharan
Africa. Trop. Geog. 2: 136-143.

Wilson, R.T. 1982. Sedentary sheep in the Sahel
and Niger delta of central Mali. In: eds Fitz-
hugh, H.A. and Bradford, G.E. Hair sheep of
western Africa and the Americas. Westview Press/
Winrock International, Boulder, Colorado.
pp. 245-254,



Financial statement

AUDITORS’ REPORT TO THE BOARD OF TRUSTEES OF
THE INTERNATIONAL LIVESTOCK CENTRE FOR AFRICA

Our examination was made in accordance with generally approved auditing standards and accordingly in-
cluded such tests of the accounting records and such other auditing procedures as we considered necessary.

Depreciation has not been provided on fixed assets. This is in accordance with procedures and require-
ments established by the Secretariat of the Consultative Group on International Agricultural Research.

We have not visited sites of country programmes operated by ILCA in Botswana, Kenya, Mali and Nigeria.
Returns made from these country programmes of revenue, expenditure and unexpended funds for the year
ended December 31 1982 and of assets and liabilities at that date have been incorporated in the annexed ac-
counts. The net assets so incorporated were as follows:

Botswana $ 60639
Kenya 198 048
Mali 954 984
Nigeria 920 867

$ 2134 538

Since original documents and vouchers in support of expenditure are retained within these countries, the
scope of our audit was restricted accordingly.

Included under accounts receivable others, are debts outstanding for pcriods in excess of one year amount-
ing to $ 166 965 which have not been recovered to date and which in ov.r opinion ought to be provided for.

Subject to the above, in our opinion the attached Balance Sheet, Statement of Revenue, Expenditure and
Fund Balances and Statement of Source and Application of Funds, together with the notes thereon forming
part of the accounts and exhibits A, B and C which have been prepared under the historical cost convention,
present fairly under that convention, the financial position of the International Livestock Centre for Africa
at December 31 1982 and the results of its financial operations for the year then ended in conformity with
generally accepted accounting principles except as indicated above.

A.A. Bromhead & Co. P.O. Box 709
Chartered Accountants ‘ Addis Ababa
March 24 1983 : ' Ethiopia
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INTERNATIONAL LIVESTOCK CENTRE FOR AFRICA

BALANCE SHEET at December 31 19¢:2

(USS$ '000)
ASSETS
Currentassets 1982
Cash $ 1508
Receivable from - donors 613
- employees 34
- others 624
Inventories 173
Prepaid expenses - : 193
Total current assets 3145
Fixed assets
Buildings ‘ 6 600
Researchand laboratory equipment 894
Computer 518
Furnishings and office equipment 1 596
Vehicles and aircraft ' 1524
Other 310
Totalfixed assets 11 442
Total assets $ 14 587
LIABILITIES AND FUND BAIL.ANCES
Currentliabilities
Bank overdraft $ 2
Accounts payable employees ' 171
Other payables and accruals 1 660
Contribution received in advance 633
Total current liabllities 2 466
Fund balances ‘
Investedin fixed assets 11 452
Working funds (1981 deficit) 578
Special projects _101
Tot#! fund balances . 12 121
“rotal liabllities and fund balances $ 14 587

$ 829
117
1447
370

2763

10 347
(115)

10 266
$ 13029
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INTERNATIONAL LIVESTOCK CENTRE FOR AFRICA

STATEMENT OF REVENUE, EXPENDITURE

AND FUND BALANCES

for the year ended December 31 1982

(US$ *000)
Revenue

CGIAR contributions (Exhibit A)
Special project grants (Exhibit A)
Earned income

Total revenue

Operating expenditure

Research
Direction
Central scientific units
Central support services
Field programmes
Networks

Total research

Information services

Training and conferences
General administration

HQ operations and maintenance
Board and management

Total operating expenditure (Exhibit B)

Capital nenditure
Special projects (Exhibit )

Total expenditure

Excess (1981 shortage) of revenue
over expenditure

FUND BALANCES
Opening balances

Core
Special projects

Totai opening balances

Addexcess (1981 shortage) of revenue
over expenditure

Closing balances
Working capital (1981 deficit)
Special projects

Totél closing balances

1982

$ 9852
1262
159

11 273

$ (115)
34

(81)

1981

$ 9163
684
126

9973

209
380
681

4 362
93

5725
798
514

704
614

9018
811
692

10 521

$ 425
42

467
548

(115)

(81)
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Source and application of funds 1981 and 82

62

US$ 9 973 286

INCOME

CGIAR

4———————— Unrestricted COre oy,

o s S5IAR v
i estricted corg ————e—p,
3 ‘/“Spe(:'al pro]ects —-————’

US$ 10 521 487

12%

Host governments ————————p
: C Eamedincomé —— 3 [

EXPENDITURE

<4 Research -

: /— Information and training ———rw——p

P Capital —

4———————— Special projects —_—pf

44— General operations and maintenance ———p _
4 ¢————— General administration e—————p [
4 ¢—————— Board and management ~————p

USS$ 11 273 €00

US$ 10 513 000




