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PREFACE

This issue of the ILCA Bulletin includes a study on the implications of infrequent water-
ing for cattle productivity under extensive pastoralism and ranching in Ethiopia, an arti-
cle analysing some of the constraints to smallholder dairy production in Africa, a paper
on small ruminant production in tropical Africa and possible improvements, and an arti-
cle on farming systems research at ILCA.

The first paper examines the effects of 1-, 2- and 3-day watering on birth and wean-
ing weights, post-weaning growth and cow performance in the Borana pastoral system in
Ethiopia. The author found that although animal productivity was lower under 2- and
3-day watering, the strategy is appropriate in areas where water and labour are in short
supply. In addition to saving these resources, 3-day watering enables pastures further
from water to be exploited, conserves fodder reserves and lessens erosion in the vicinity
of water points.

The second paper summarises the major environmental and organisational con-
straints to increasing dairy production in Africa. Any measures proposed to eliminate
these constraints must be cost-effective, should concentrate on improving animal health,
dry-season feeding, calf rearing, small-scale milk processing and marketing facilities, and
should be implemented within an organisational framework providing the necessary tech-
nical services and adequately trained personnel.

The author of the third article believes that improving small ruminant production in
tropical Africa by introducing low-cost nutritional interventions offers another possibility
for increasing overall food production in the continent. The proposed interventions in-
clude cut-and-carry feeding and provision of water in pens, salt licks, better utilisation of
crop residues and regrowth on fallowed fields, of household wastes and otherwise un-
usable byproducts from small-scale food processing, and preferential feeding of sup-
plements to pregnant and lactating animals.

ILCA’s experience with farming systems research is described in the fourth article.
Having given emphasis initially to detailed baseline studies on the socio-economic en-
vironment in which livestock producers operate, the Centre’s scientists found that West-
ern technology and the results of on-station research, whether in Africa or elsewhere,
could not be transferred directly to African traditional systems. As a result ILCA has re-
cently emphasised component research to generate new technology suitable for increas-
ing the productivity of the livestock component and of the farming system as a whole.

Paul Neate and

Inca Alipui, Editors

1L.CA Bulletin,

Publications Section, ILCA,
P.O.Box 5689, Addis Ababa,
Ethiopia.
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The cost to productivity and
the potential benefits of 2- and 3-day
watering of Boran cattle*

M.J. NICHOLSON
Ethiopian Rangelands Programme,

ILCA, P.O. Box 5689, Addis Ababa, Ethiopia

SUMMARY

A 28-MONTH TRIAL was conducted
under extensive grazing conditions to
examine the effects of watering Boran cattle
once daily, once every 2 days and once
every 3 days, with cattle watered ad libitum
serving as the control. In the dry season, the
weight and condition of lactating cows
watered every 3 days declined more rapidly
than that of cows watered daily. There were
no significant differences in calving rates
and birth weights among treatments al-
though birth weights were depressed by 2.5 kg
in all treatments compared with the control.
Thirty steers showed no treatment differ-
ences in 27-month weights despite animals
watered every 3 days having a significantly
lower DM intake during the dry season. In
contrast, 210-day weaning weights were sig-
nificantly depressed by 9 kg under 2-day
watering and by 14 kg under 3-day watering
when compared with calves watered daily.
The total amount of water consumed was
reduced by 5—10% in all classes of stock
under 2-day watering and by 25-34%
under 3-day watering, compared with cattle
watered daily. The results show that water-
ing every 3 days can be carried out indefi-
nitely with all classes of stock with only
minor effects on cattle productivity under
the climatic conditions in which the trial was
conducted. The management implications
of 2- and 3-day watering in cattle under ex-
tensive pastoralism or ranching are dis-
cussed.

INTRODUCTION

The Borana pastoral tribe in southern
Ethiopia and northern Kenya water their
cattle every 3 days (Dahl, 1979). In the
past, the Maasai and other pastoral tribes
also adopted this practice, but have discon-
tinued it, presumably due to increased
water supplies. In other pastoral regions of
Africa, alternate-day watering is resorted
to in the dry season (Bailey, 1982; Maliki,
1981, King, 1983; Nicholson, 1985a).

French (1956) studied the effects of 2-
and 3-day watering on water and feed con-
sumption and subsequent digestibility of
hay in stall-fed Bos indicus oxen. However,
the trial was of short duration and weight
change was not monitored. Payne (1965)
examined the effect of 1-, 2- and 3-day
watering on 10 sets of identical zebu or
zebu-crossbred twins. One of each twin
was watered daily and served as the con-
trol, and the other was watered intermit-
tently on a 1-, 2- or 3-day cycle and subjected
to varying walking distances. After 2 years,
the control animals had an average weight
of 151 kg, compared with 131 kg for the ex-
perimental animals. Payne concluded that
the influence of walking on liveweight gain
was much less than that of water depriva-
tion, but that the effects of both were small
relative to those of seasonal changes in the
quality and quantity of grazing.

No experiment has previously studied
the effect of infrequent watering on breed-
ing cows and their offspring. This study was

conducted to determine whether watering
cattle every third day constituted a con-
straint on productivity in the Borana sys-
tem. The effects of 2- and 3-day watering
needed to be quantified, since it was as-
sumed that there is a trade-off between the
expected lower animal productivity and
the possible benefits of the practice. The
main factors studied were the effects of
3-day watering on cow performance, and
on calf and subsequent weaner growth.

MATERIALS AND
METHODS

The trial was carried out on the Abernossa
ranch in the Ethiopian Rift Valley at an
altitude of 1700 m and a latitude of 7°50’ N.
Average rainfall is between 500 and
700 mm, seasonal in distribution, falling
mostly between July and September but
with unreliable short rains in April. Rain-
fall was measured as the average figure
from two equidistant rain gauges and was
928 and 681 mm in 1983 and 1984 respec-
tively. The rainfall distribution and mean
monthly maximum temperatures during
the 28-month trial (July 1983 to September
1985) are shown in Figure 1.

Seventy-five Boran cows with male
calves were allocated to one of three treat-
ments on the day of calving. One Brahman
heifer and three Friesian x Boran crossbred
cows were also allocated to each treat-
ment. The treatments comprised daily
watering (treatment 1), alternate-day
watering (treatment 2) and 3-day watering

* This is a modified version of the article entitled ““The effects of drinking frequency on some aspects of the productivity of zebu cattle” which was accepted for

publication in the Journal of Agricultural Science.



Figure 1. Rainfall and temperature data, Abernossa ranch, 1983-85.
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(treatment 3). Each group was allowed un-
restricted grazing in one of three paddocks
of 90 ha each, in which the pasture was
dominated by Cenchrus ciliaris, Chloris
gayana and Hyparrhenia hirta in a dense
acacia woodland. Feed was generally plen-
tiful even at the end of the dry season,
although quality was poor. No sup-
plements were given to the cows. Groups
were rotated monthly among the paddocks
to avoid a confounding effect of paddock
condition. Fifty cows from the ranch, wa-
tered ad libitum but otherwise treated iden-
tically, served as a control group. How-
ever, as these were not under the direct
control of the experiment, data on the per-
formance of 2- and 3-day watered cattle are
presented in comparison with daily wa-
tered cattle unless otherwise stated. In
practice, ad libitum watering of cattle in
pastoral regions is extremely rare in the dry
season.

Health control was restricted to spraying
against ticks as part of the ranch pro-
gramme and infrequent vaccination
against foot-and-mouth disease. Both were
limited by shortages of acaricide and vac-
cine.

Bulls ran with the cows from late Sep-
tember to December so that calving was
seasonal and coincided with the main rains.
Suckling was unrestricted and calves had
access to all their dam’s milk. Calves were

Mean monthly maximum
temperature (°C)

s

weaned monthly at between 210 and 240
days of age. At the end of the first year, 10
weaners in each treatment were castrated
and returned to their original treatment to
measure post-weaning growth. At 27
months old, these steers were put on ad
libitum watering for 6 weeks.

All animals were routinely weighed each
month before and after watering except
during changeable weather during the
rainy season when they were weighed twice
a month, since water intake, and hence
weights, varied according to the weather.
At the same time, the condition of lactating
and dry cows was recorded using the nine-
point scoring system of Nicholson and But-
terworth (1985). Heart girth was measured
in all stock. Skeletal size was taken as the
height from the ground to the dorsal head
of the supraspinous fossa on the scapula
and the length from the tuber ischii to the
scapula over the tuber coxae.

Animals were given access to water at
11 a.m. for 15 minutes, the difference in
body weight before and after drinking
representing water consumption. Weight
losses due to defaecation and urination
during watering were rare, and were there-
fore ignored.

Dry-matter (DM) intake was estimated
in six steers and nine lactating cows per
treatment. In steers, intake was estimated
indirectly using a combination of a natural

marker (indigestible acid detergent fibre
(IADF) determined in feed and faeces
(van Soest, 1982) after a 96-hour in vitro di-
gestion) and 10-day whole faecal collec-
tion. Grass was collected during grazing by
grab sampling. Samples were bulked dur-
ing any one grazing period and 10 bulked
samples were dried, ground and analysed
for each faecal collection period. In cows,
DM intake was determined under stall-
feeding, where the marker and faecal
collection could be validated with direct
measurement of feed intake. Tritiated
water was used to measure milk intake
over 10-day periods in young calves (turn-
over method), and the measurements were
validated by weighing prior to and after
suckling (Coward et al, 1982). Measure-
ment of total milk yield is not feasible in
Bos indicus under field conditions; hence
weaning weights were assumed to be a re-
flection of milk consumed by the calf.

The model used for the analysis of
weights included linear and quadratic or-
thogonal components for treatments.
Least-squares means (Harvey, 1982) are
given with their standard errors for the
analysis of calf and steer weights.

RESULTS

Calving percentage

Although the trial included three calving
seasons, July 1983, July — September 1984,
and July — September 1985, the first season
was independent of the treatment effect;
therefore only two calving seasons were
considered. There were no significant dif-
ferences either between years or among
treatments, despite 1984 being a particu-
larly dry year.

Birth weights

At the start of the trial birth weights of
calves averaged 26.4 kg. For all treatments,
1983 birth weights were significantly heavier
(P < 0.001) than those of 1984 or 1985
(Table 1). In the last 2 years there were no
treatment, sex or year effects. Calves from
ad-libitum-watered cows were significantly
heavier (P < 0.001) than all the treatment
calves in both 1984 and 1985.

Month of birth had a significant effect
(P < 0.05) on calf weights at birth and at
210 days of age (Table 2). Seventy-four
percent of calves were born in July and
August. There was no significant interac-



Table 1. Calf birth weights (kg + S.E.), 1983-85.

Treatment 1983 1984 1985 1984/85
1 26.3* + 0.26 24.7° £ 0.73 23.2° + 0.76 24.0° £+ 0.52
2 26.7° + 0.38 23.7° + 0.66 23.5° + 0.74 23.6° + 0.54
3 26.4* £ 0.36 233 + 0.71 22.9° + 0.70 23.1° + 0.54
Control 26.3* + 0.24 26.1° + 0.42 25.7* + 0.53 25.9° + 0.51

Means in the same column with the same superscript are not significantly different at the 5% level.

Table 2. Calf weights (kg £ S.E.) at birth and at 210 days old by month of birth (1984 and 1985

combined for treatments 1, 2 and 3).

‘ (l::l:; Birt:lk\;;:lght 089 210-d?zgv)veight —-—
June 22.0° +0.84 9 127.9° + 9.82 3
July 241 £ 0.38 50 143.7°° + 2.74 44
August 24.7° + 0.49 27 1353 + 2.78 41
September 25.1°° % 1.27 132.7* + 5.98 8
October 21.9% + 1.02 9 1202% £ 422 19
Mean 23.5 +0.38 136.3 + 18.37

Means in the same column with the same superscript are not significantly different at the 5% level.

tion between treatment and month. How-
ever, the 31 calves from cows in treatment
1 were born significantly later (P < 0.01)
than the 68 calves from cows in treatments
2 and 3. This amounted to a difference of
between 2 and 3 weeks.

Weaning weights

The 210-day weaning weights of calves are
shown in Table 3.

The linear effect of watering frequency
on calf weight was significant (P < 0.05) at
all ages over 90 days. Sex, weight at birth
and year of birth did not have significant ef-
fects but month of birth significantly af-
fected weaning weight (Table 2). Calf
growth from birth to weaning at 7 months is
shown in Figure 2.

Mortality

Two-hundred-and-one calves were born in
the trial over the three calving seasons.
One 19 kg calf died of cutaneous strepto-
thricosis at 2 weeks of age and one 25 kg
calf died at 3 days old, apparently from
choking on milk. Both calves belonged to
treatment 1. Overall calf mortality was
therefore 1%.

Four cows died during the study period.
The causes of death were plant poisoning
(1), punctured abdomen (1), possible car-
diac failure (1) and septicaemia (1). None
of the deaths was attributable to treatment.

Post-weaning growth

The weights of 1983 and 1984 weaners were
examined separately since the animals in

Table 3. Two-hundred-and-ten-day weights (kg £ S.E.) of calves born in 1983 and 1984.

Treatment 1983 calves 1984 calves 1983 and 1984 calves
(n=98) (n=101) (n=199)
1 142.1 £ 3.58 139.8 £ 5.56 139.6 £ 3.40
2 136.5 + 3.91 133.8 £ 5.20 128 +3.35
3 132.0 £ 3.80 125.6 £ 6.39 12¢ 5 £ 3.76
Control 147.3 £ 5.82 143.9 + 6.81 146.2 + 3.98

the first group were not significantly differ-
ent from each other at weaning or at birth.
Weights of steers at various ages are shown
in Table 4. No data were available on con-
trol steers as male calves are either sold or
kept for brecding purposes.

Watering frequency did not have a signifi-
cant effect on the weight of steers in 1984
at any age up to 2 years old. In 1985, treat-
ment 3 weaners were significantly lighter
(P < 0.05) at 1 year old (160 £ 6.9 kg)
than those in treatment 1 (177 = 6.9 kg) and
treatment 2 (178 £ 5.6 kg). Sex differ-
ences in the 1985 weaners were not signifi-
cant but at 12 months in these animals the
treatment linear component was signifi-
cant (P < 0.01). Treatment did not have a
significant effect on skeletal size at any age,
suggesting that weight differences re-
flected variations in muscle, fat reserves or
gut fill. After 6 weeks of ad libitum water-
ing, mean weights were 357,374 and 371 kg
for treatments 1, 2 and 3 respectively. The
differences were not significant.

Seasonal change in cow weight

Weight loss in lactating cows during the dry
season is shown in Figure 3. Weight gain
was confounded with pregnancy. In con-
trast, dry cows lost a smaller proportion of
body weight during the dry season than lac-
tating cows (Figure 4). June and July data
are confounded by parturition and sub-
sequent weight changes of about 50 kg per
animal. Weight losses of lactating cows
during the dry season are shown in Table 5,
with October data representing the highest
weights.

Seasonal change in
condition score

Changes in condition over a 1-year period
are shown in Figures 5 and 6 for lactating
and dry cows. The data have been analysed
in detail by Nicholson and Sayers (1986).
Condition scores for individual animals
were highly significantly correlated with
weight change. One condition point was
equivalent te an average weight change of
18 kg and this relationship was linear
(P < 0.001). Loss of condition in the dry
season was marked in lactating cows and
varied according to treatment (Table 6).

Water intake

There were highly significant (P < 0.001)
differences in water consumption between



Figure 2. Effect of watering regime on calf growth from birth to weaning (1983 and 1984 calves

combined).
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lactating cows and dry cows and between
treatments (Table 7). The data refer to the
dry season only. Wet-season water con-
sumption was highly variable.

Maximum observed intake was 90 litres
in a lactating cow with a dehydrated weight
of 301 kg. Maximum intake expressed as a
percentage of dehydrated weight was
31.4%. Water intake in steers was very
similar to that in dry cows when expressed
on a ml/kg or a ml/kg/day basis. Treatment
3 cows consumed up to 34% less water than
cows watered daily on an intake per day
basis, whereas in dry cows intake was
depressed by 22%. In contrast, calves of
dams in treatments 2 and 3 drank signifi-
cantly more water in the first 7 months of
their life than calves of dams in treatment 1.

Milk intake

During three 10-day sub-periods, milk in-
take was estimated in young calves of the
same age in the third month of lactation.

The results (Table 8) show that treatment 3
calves consumed significantly less milk
than those in the other two treatments.

-
]
~

Feed intake

Data for faecal output and estimated feed
intake of growing lactating cows and steers
are given in Tables 9 and 10.

No differences in the digestibility of feed
were found between treatments as estimated
by the quantity of IADF in the faeces.
Faecal output was significantly higher
(P < 0.05) in treatment 1 steers than in
those in the other treatments, and the esti-
mates of DM intake suggest a 12—-17%
reduction in feed intake by steers in treat-
ments 2 and 3. In the cows, DM intake was
depressed by 4% in treatment 2 and by 9%
in treatment 3.

DISCUSSION

The overall cost to animal productivity of
infrequent watering was small but signifi-
cant. Calf birth weights were lower in all
treatments compared with control calves,
and this was probably related to dam con-
dition during late pregnancy and at par-
turition. When birth weights between
treatments were similar as in 1983, treat-

Figure 3. Effect of watering regime on weight change in lactating cows, 1984-85.
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Table 4. Weights of 1984 male weaners (kg + S.E.) at 12, 15, 18 and 24 months old.

Age (months)
Treatment
12 15 48 24
1 1914 £ 15.9 218.7 £ 6.1 230.0 + 6.8 312.8 + 8.4
2 188.0 + 15.1 2102 £ 7.2 216.3 £ 8.0 308.4 £ 9.4
209.0 £ 15.1 2155 £ 7.1 2155+ 7.9 306.1 £ 9.2

MAR APR MAY Ju.. JuLy
Month

AUG  SEPT

ment 3 calves were 10 kg lighter at weaning
than treatment 1 calves, which suggests
that milk yield was lower as a result of 3-
day watering. However, as total milk yield
could not be measured, the lower milk in-
take by calves of dams in treatment 3 re-
mains indicative only.

Weaning weights were depressed by 4,
12 and 18 kg under 1-, 2- and 3-day water-



Figure 4. Effect of watering regime on weight change in dry cows, 1984-85.
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ing respectively against controls although
there was no significant correlation
between birth weight and weaning weight.
Month of birth, however, affected sub-
sequent weaning weight and in both 1984
and 1985, treatment 2 and 3 cows calved
earlier than treatment 1 cows. When wean-
ing weights were not adjusted for date of
birth, there were no significant differences.
To the livestock producer this is important,
since 1 year after the calving season, the
weight of all calves was similar even though
treatment 3 calves were older. Since there
was no evidence of earlier conception, the
gestation period appeared to have been
shortened as a result of infrequent water-
ing. This accords with most studies where
calf birth weight is significantly correlated
with gestation length.

Post-weaning growth in the first year’s
calf crop suggested that compensatory
growth was taking place at differential
rates so that the differences at weaning had
disappeared by 12 months of age. This was
not the case in the second calf crop, in

Table 5. Dry-season weight loss of lactating
cows, November 1983 ~ May 1984.

Weightloss  Percentage of
Ereatmgnt (kg) October weight
1 83.4 22.2
68.4 18.6
111.4 27.0

which 12-month weights were 17 kg lower
in treatment 3 than in treatments 1 or 2.
However, since 27-month weights were
similar in all three treatments, it is doubtful
whether the lower weaning weights of
treatment 3 are sufficient to affect sub-
sequent mature weights or even 2-year
weights, provided the animals are put on
daily or ad libitum watering in order to
“finish’ them.

While the lower weaning weights were
almost certainly linked to lower milk yield
in the dry season, conception rates were
unaffected. Presumably foetal demands
for energy were small in comparison with

lactation demands until the last trimester,
at which time lactation had ceased. The
lower weaning weights were not reflected
in smaller skeletal size. In contrast, calf
weaning weights of 50—65 kg that are com-
monly encountered under pastoral condi-
tions (Nicholson, 1985b) are associated
with a much smaller skeletal size, leading
to delayed maturity and even the inability
of the calf to express its full potential for
growth.

Decreasing watering frequency signifi-
cantly reduced DM intake in both cows and
steers, which was reflected in weight loss,
condition and, indirectly, in the weaning
weight of calves. No differences in digesti-
bility were found among treatments so
that although rumen retention time was
lengthened, lower rumen water content
presumably counteracted any beneficial
effects by reducing the efficiency of diges-
tion. Calculated DM intake in steers ex-
pressed as g/kgo'75 was low due to the over-
estimation of the IADF% in the feed. If
the animals are more selective than the
grab sampling technique, the IADF% may
be lower in the animals’ feed than in the
feed obtained by grab sampling. A lower
IADF% will raise calculated feed intake
but this does not affect treatment differ-
ences where the IADF% is constant
among treatments.

Since 2- and 3-day watering was con-
tinued throughout the rainy season, cows
in these treatments were unable to regain
the condition of treatment 1 cows and so
started the dry season in worse condition.

Figure 5. Effect of watering regime on monthly condition scores of lactating cows, 1984-85.
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Figure 6. Effect of watering regime on monthly condition scores of dry cows, 1984-85.
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This seldom occurs u~-er pastoral man-
agement where daily o | at worst, alter-
nate-day watering is practised during and
immediately after the rainy season when
weight gain is greatest. Animals gaining
weight need additional water for growth,
particularly if they are also lactating, and it
appears that 3-day watering during this
period is inadvisable despite the additional
water in the herbage.

The fact that both Friesian x Boran
crosses and Brahman cows conceived,
calved and raised calves under all the treat-
ments suggests that 3-day watering can be
implemented for B. indicus x B. taurus
crosses. However, the sample size was
small and no definite conclusions can be
drawn. In practice, B. taurus is introduced
in order to increase productivity (e.g. milk
yield) so that 3-day watering would not be
applicable to such crossbreeds except
perhaps in times of drought.

Under normal circumstances, 3 days is
the maximum watering interval used for
cattle in pastoral systems and this is less
than for either smallstock (3—5 days) or
camels (up to 10 days). Therefore, while
cattle are not as good at conserving water
as camels or smallstock, they appear to be
equally good at tolerating dehydration. On
numerous occasions, lactating cows were
observed to drink 30% of their dehydrated
weight, which is comparable to data on
camels (King, 1983; Schmidt-Nielsen,
1964) and desert goats (Choshniak and
Shkolnik, 1978). Previous work with Afri-
can livestock has not distinguished between

tolerance of dehydration and ability to con-
serve water.

When put on 4-day watering, no signs of
behavioural stress were apparent, the
cattle waiting patiently in the shade for
water. The fact that 4-day watering is not
practised extensively suggests that pas-
toralists have arrived at 3-day watering as
the optimum trade-off between lower ani-
mal productivity and water- and labour-
saving.

The benefits of 2- and 3-day watering are
fourfold. Firstly, grazing resources further
from water can be exploited. On 3-day
watering, cattle can graze 21 km away from
water, assuming a maximum daily walk of
14 km (42 km in toto). This gives access to
1385 km” on centrifugal grazing, which is
nine times the area available to cattle on
daily watering. This is particularly relevant
to those areas in Africa where watering
points are scarce.

Secondly, where water resources are
limiting, a saving of 30% is considerable.
With 800 000 cattle in the Borana region of
southern Ethiopia, 3-day watering is esti-
mated to save 1.5 million tonnes of water.
Since labour is required to raise this water
from wells, there would be insufficient
labour to water cattle every day. Where
machinery and fuel are required to raise
water, there is a corresponding saving in
fuel.

Thirdly, water intake is normally con-
trolled by DM intake. Under 3-day water-
ing, however, water intake dictates DM
intake, resulting in fodder reserves being
conserved. Fourthly, since cattle need to
trek to the watering point only every third
day, the potential erosion in the vicinity of
water is lessened.

As a strategy for cattle production in
rangeland areas, 2- and 3-day watering

Table 6. Rate of condition loss in lactating cows over the dry season, October to April

(condition score £ S.E).

Condition loss

Treatment October score April score (points et manth
1 7.4° +0.27 4.5+ 0.27 0.452° + 0.0039
2 5194 0.26 4.1° £ 0.26 0.268" + 0.0040
3 5.5+ 0.26 4.0° £ 0.26 0.280" £ 0.0039

Means in the same column with the same superscript are not significantly different at the 5% level.

Table 7. Water consumption (£ S.E.), September — March.

Average Consumption
consumption Consumption Consumption as % of
Treatment atdrinking (ml/kg) (ml/kg/day) dehydrated
(litre) . weight
1 LC 287+t 1.3 79.4 + 2.6 79.4 £ 2.6 7.9
DC 233+ 1.1 573 £32 57.3 £3.2 5.7
2 LC 54.6 £ 1.0 151.0 £ 5.7 755 £ 2.1 15.1
DC 42.0 £ 1.1 108.2 + 3.3 54.1 £ 2.6 10.8
3 LC 653 + 1.7 156.7 £ 6.9 522 £33 15.7
DC 499 £ 1.6 133.5 £ 4.1 445 £3.0 13.4

LC = lactating cows, DC = dry cows.



may be alternatives to be considered. To
the Borana, the strategy is clearly appro-
priate and it is not as costly as might have
been expected. The combined stresses of
extensive walking, night enclosures and
3-day watering, all features of pastoralism,
are now being investigated in the second
part of the trial.

Table 8. Milk intake (kg/day).

: Weighing Turnover
Treatment method methed
1 4.93* £ 0.10  5.10* £ 0.19
2 4.82° £0.09 478" £ 0.12
3 4.19" +0.13 436" £ 0.13

Means in the same column with the same
superscript are not significantly different at the
5% level.

Table 9. Dry-matter intake of lactating cows
(crossover trial, n = 27).

Feedintake ~ Meanweight

Treatment 0.75, ;. of cows
(g/kg ™ "lday) (kg + S.E.)
1 68.0 320 £ 7.7
2 65.6 322 £ 8.7
3 61.8 329 £93

Linear component significant at the 1% level.

Table 10. Faecal output and estimated feed intake of steers.

Observed C - -lated Mecan weight
Treatment faecal output feed intake of steers
(g/kg”"/day) (/2" " Iday) (kg + S.E.)
1 359 £ 0.82 52.9 £ 2.93 248 £ 3.6
2 30.6 + 1.61 423 £ 2.35 238 £ 5.7
3 31.6 + 0.91 4.1 1216 231 £ 7.1
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SUMMARY

ILK IMPORTS TO Africa increased

sixfold in the last decade and now ex-
ceed 2 million tonnes of liquid milk equiv-
alent per year, accounting for about 30% of
total consumption. They have a present
value of about US$ 800 million. Substantial
increases in milk production in Africa are
feasible. This paper summarises the major
environmental constraints to increased pro-
duction of dairy products and discusses
alternative technical and organisational
concepts for encouraging greater milk pro-
duction.

Cattle in Africa are kept primarily for
milk production. In pastoral societies, milk
is the key product, with meat of only second-
ary importance. On smallholder subsistence
farms, milk is universally important.

Three main approaches to dairy develop-
ment are in use: large parastatal farms,
medium-sized dairy farms in peri-urban
areas and organised milk collection from
subsistence farmers. In each system, output
is constrained by the restricted supply of
dairy stock, poor animal health, inadequate
feeding, poor marketing facilities and lack
of extension and adequately trained person-
nel.

The tsetse-transmitted disease, trypano-
somiasis, which is found in about 40% of
sub-Saharan Africa, is a major constraint to
increased milk output and is largely respon-
sible for the substantial imports of dairy
products, particularly to West Africa.

Under traditional management, indigen-
ous breeds of cattle are more productive
than exotic breeds. However, in higher-al-
titude and more temperate areas of sub-

Saharan Africa, crossbred cattle can out-
yield indigenous stock fourfold, provided
that modest improvements are made in their
management and nutrition. Maintaining
genetic stability in these crossbreds is, how-
ever, a major problem. Making better use of
local feed resources, particularly poor-
quality feeds, at the small-farm level is a
promising strategy for increasing milk pro-
duction. Management problems common
to all dairy systems in sub-Saharan Africa
include dry-season feeding, calf rearing,
small-scale milk processing and reliable
vaccine supplies.

INTRODUCTION

The slow economic growth of the countries
of sub-Saharan Africa is an issue of major
world concern. As agricultural output de-
clined, food imports increased and currently
meet about one-fifth of the region’s cereal
needs. Milk imports now exceed 2 million
tonnes per year, representing about 30%
of total consumption. Over the last decade,
milk imports increased sixfold and their
present annual value is about US$ 800 mil-
lion (von Massow, 1985).

Although Africa’s overall economic
progress is disappointing, important
changes are occurring in the agricultural
sector. The most obvious is the decline in
the relative contribution of agriculture to
GDP with a rapid increase in market de-
mand for food, particularly that of live-
stock origin. Consumers in all developing
countries show a high propensity to spend
additional income on meat and milk.

COMPLEMENTARITY OF
CROP AND LIVESTOCK
PRODUCTION

Total cereal production in sub-Saharan Af-
rica is about 42 million tonnes per annum,
and is increasing by an average of only a
little over 1% annually. There are, how-
ever, very large differences in agricultural
growth among African countries, with
some showing much larger increases than
others.

Using data from FAO Production Year-
books, an analysis of the trends in cereal
and livestock production over the last dec-
ade in the countries of sub-Saharan Africa
indicates that:

e There is a significant correlation be-
tween changesin total cereal produc-
tion and in cattle numbers;

¢ Changes in area cultivated and cattle
numbers are much more highly cor-
related than crop yields per unit area
and cattle numbers; and

e Each extra animal in the cattle popu-
lation is associated with an extra
0.25 ha of cropped land and about
200 kg extra annual grain output.

These observations, based on the Afri-
can experience, are also noted elsewhere.
In India’s northwestern states, where large
increases in wheat and rice production
have occurred, one finds correspondingly
large increases in milk production. In other
Asian countries where rice production has
increased greatly, large increases in meat
and milk production have been reported.
The reasons for this association of in-
creases in food-grain and livestock produc-
tion are simple and several.



1. Availability of money. On subsistence.
farms, cash income is extremely low
because almost all produce is consumed
on the farm. Consequently, there is
little' money available to buy fertilizer,
better seed, crop protection measures
or irrigation water. In the absence of a
good credit mechanism, food-grain pro-
duction can only be increased by finding
cash to purchase these inputs. This is
most readily achieved by selling more
livestock products. An upward spiral
can be started by increasing sales of
livestock, thus generating the purchas-
ing power needed to produce more
crops. The catalyst in the system is live-
stock, and the initial development ob-
jective is to increase their output to pro-
duce the funds required to increase crop
production.

2. Cattle provide draught power. Working
bullocks are the pivotal point of farm
production in many African countries,
and the type and number of livestock
kept by farmers are largely determined
by their need for draught power for land
cultivation. Typically, one pair of oxen
can cultivate 2 to 4 hectares of land per
year. Recent studies by ILCA in Ethiopia
show a marked increase in the area cul-
tivated by each family as bullock num-
bers increase. These results also show a
marked change in cropping pat-
terns with changing availability of bul-
lock power.

3. Market demand. As the size and wealth
of the population increase, the demand
for more and better food escalates
rapidly. Meat and milk are most
people’s idea of better food, and more
and better cattle provide more meat and
milk.

INCREASING MILK
PRODUCTION

An essential starting point to any discus-
sion on how to increase milk production is
an understanding of why African farmers
keep cattle. Milk production is a key
reason, but manure for fuel and fertilizer,
draught power, meat production, drought
insurance and capital saving are also im-
portant reasons. Attempts to increase milk
production must take account of all these
factors, and also of the need to use live-
stock as the catalyst in generating income

and savings for farmers with no alternative
source of cash. Proposals for the develop-
ment of the cattle sector must also be ex-
tremely low-cost if they are to be adopted
by Africa’s small farmers.

Three main approaches to increasing
milk production have been used in recent
years. These are:

e Large parastatal dairies using
specialised dairy cattle for intensive
milk production;

e Medium-sized dairy farms in the pri-
vate sector, close to major urban
centres; and

e Organised milk collection from large
numbers of traditional subsistence
farmers, usually associated with
some upgrading of cattle by artificial
insemination and the provision of
animal health and advisory inputs.

Large parastatal farms offer opportu-
nities to maximise the impact of specialised
management skills, to produce a high-
value product close to market outlets, to
minimise transport and input supply prob-
lems and to effect substantial economies of
scale. The problems such farms present are
associated with a reliance on purchased
feed rather than pastures and crop resi-
dues, their capital intensiveness and their
lack of impact on rural cash flows and pro-
ductivity. The intensive nature of milk pro-
duction in these units usually leads to high
production costs and to the need for sub-
sidies to ensure continuing viability.
Where such farms are used as bull breeding
units, Al and cooperative service centres,
and as focal points for the collection and
processing of more widespread milk sup-
plies, they play a valuable role in the
national dairy development strategy. Their
usefulness as research or demonstration
centres is, however, very limited as the
production technology used is not appli-
cable to the traditional livestock producer.

The smaller, semi-intensive specialised
dairy units developed within the private
sector present a similar spectrum of advan-
tages and disadvantages. One important
type of semi-intensive dairy unit is the “fly-
ing herd” which is characteristic of many
urban dairies. Typically, recently-calved
cows are brought into city stables and fed
and managed for maximum milk produc-
tion. The resulting problems of manure
disposal and feed transportation usually
make the flying herd a second-best solution
to providing adequate milk supplies.
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Small dairy farms just outside major
towns avoid many of the problems as-
sociated with the city units, but these peri-
urban dairies also incur many costs that
traditional mixed farmers can avoid. Most
attempts to establish peri-urban specialist
dairies in Africa and Asia have not been
particularly successful.

The outstandingly succcessful experi-
ence of dairy development in South Asia is
based on the so-called Anand model
(Brumby, 1981). This concept began on a
small scale about 30 years ago with the es-
tablishment of a small dairy-producers’
cooperative in the town of Anand in west
India. The success of this small cooperative
quickly led to similar grass-roots move-
ments in many other Indian states, and
now more than 10 000 dairy cooperatives
in Indian villages, with 2 million members,
collect and process some 2.5 million litres
of milk daily.

This cooperative movement is organised
in three tiers: village dairy societies, unions
of about 400 village dairy societies and a
federation of several unions in each state.
The whole system is owned by the primary
milk producers who are small peasant far-
mers or landless owners of one or two
cows. Two semi-autonomous government
agencies — the National Dairy Develop-
ment Board and the India Dairy Corpora-
tion — provide technical and financial
assistance to the system.

This cooperative structure provides an
integrated system for marketing and pro-
cessing milk. The village cooperative society
buys milk twice daily from its 100 to 200
members on commission at its village col-
lection centre. The milk is immediately
tested for fat content and taken by truck,
without cooling, to the union dairy where it
is pasteurised, cooled and either shipped to
urban markets or processed into dried milk
and butter. The union dairies are modern
plants of relatively large capacity (100 000
to 400 000 litres per day). The entire supply
for each comes from the very large number
of small farmers making up the basic vil-
lage societies.

Every member of the village cooperative
has access to a daily artificial insemination
service, to veterinary services, to concen-
trate feed supplements and to supplies of
seed of forage crops. The success of the
movement lies in a reliable and profitable
outlet for all milk produced, with prompt
payment based on milk quality as deter-



mined by individual fat tests, and technical
assistance to increase production.

Why should this cooperative venture
have succeeded so well when so many
other cooperative structures have failed?
The reasons for the success of the Anand
model can be simply summarised. It pro-
vides a soundly conceived and financially
viable package of technical services to the
producer, economies of scale at critical
points in the marketing system, dedicated
leadership and well-trained support staff.

ANIMAL HEALTH
PROBLEMS

Animal health problems are closely linked
to the kind of environment in which the
herd is kept, the management methods
used and to genetic factors related to dis-
ease resistance in the animal population. In
Africa, low-cost, effective vaccines are
usually available to protect against rinder-
pest, contagious bovine pleuropneumonia
and local strains of foot-and-mouth dis-
ease. Such sporadic or regional diseases as
anthrax, blackleg and haemorrhagic sep-
ticaemia can also be prevented by regular
immunisations, but vaccines for these dis-
eases are not always of high quality or
uniformly available. With some vaccines,
the costs may exceed the expected benefits
(McCauley, 1983).

Closed management systems, in which
no animals are brought into the herd from
outside sources, greatly reduce the likeli-
hood of infection by many diseases, and
viral and bacterial infections that are
spread by contact can be prevented. This
offers an alternative to the strict use of vac-
cines and usually protects the herd from
the severe effects of such diseases as infec-
tious bovine rhinotracheitis, mucosal dis-
ease and, probably, salmonellosis. Such
persistent problems as brucellosis and
tuberculosis can be controlled by a combi-
nation of eliminating infected animals and
maintaining a closed herd (Nicoletti,
1984).

But in small dairy herds in warm cli-
mates, vector-borne and parasitic diseases
are the most common health problems,
and the strict environmental controls
necessary to eliminate these are not prac-
ticable. Many of these diseases cannot be
prevented and treatment or control is ex-
pensive. Several, including trypanosomiasis
and East Coast fever, are so widespread

and often beyond economically feasible
methods of control that they are prime sub-
jects of major research efforts (Gray,
1984). Others are less prevalent but even
more enigmatic: these include ephemeral
fever, heartwater disease, Rift Valley fever
and lumpy skin disease. There are, however,
three ways in which we can often live with
this large group of diseases through under-

standing and compromise.
The first is to appreciate the too-often-

ignored genetic advantage of indigenous
cattle. The value of these, in tsetse-infested
areas particularly, is well documented (see
Brumby and Trail, 1986). The need for
large increases in milk production has
often led to the importation of exotic
breeds, and nearly as often ended with
overwhelming disease problems. The in-
nate disease resistance of indigenous
cattle, coupled with adequate diets, can
offer the prospect of increased production
with some assurance of permanent gains.

The second is to understand and take
advantage of what can be called an
“endemic-equilibrium” state of disease.
This state of tolerance between the parasite
and host occurs with most of the tick-borne
diseases when animals are exposed to them
while young and partly resistant; they can
thus acquire immunity that protects them
in their usually susceptible older age. Two
of the four important tick-borne diseases,
anaplasmosis and babesiosis, become quite
benign under this adaptive behavioural
pattern. There is also some evidence that
East Coast fever acts in a similar manner
with indigenous cattle.

The third important epidemiological
truth of practical importance is that para-
sitism is the normal state. This applies to
many parasitic diseases. It is normal for
hosts to have parasites and, if the levels of
infection are not excessive and the host is
not malnourished, their relationship is
often more beneficial than pathogenic.
This is due, again, to factors of resistance
and immunity (Urquhart, 1980). Related
to this is the unique fact that metazoan
parasites do not replicate within their
hosts. Because of their complex life cycles,
associated with sexual reproduction and
multiple developmental stages that require
different environments, the number of
metazoan parasites within a host is directly
related to the level of transmission (Warren,
1981). Transmission levels can be regu-
lated through management methods based
on an understanding of parasite life cycles.
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This knowledge is not fully appreciated or
widespread. We are, instead, conditioned
to view infection as synonymous with dis-
ease and treatment with cure. These are
false and unrewarding beliefs.

Disease is an important constraint on all
forms of livestock production and especially
for calves (Perry et al, 1984), which fre-
quently suffer from respiratory and enteric

diseases. Chronic diseases such as derma-
tophilosis greatly depress milk production

(Oduye, 1975) and increase mortality in all
age groups.

CALF REARING

Allowing limited suckling of cows by their
calves has a great deal to commend it as a
calf-rearing technique. Supplementation
of a small milk intake with leguminous for-
age, oilseed cake or concentrate mix in-
creases calf growth appreciably, provided
that sufficient drinking water is available, a
matter that is often overlooked under
smallholder conditions. This water re-
quirement amounts to about 5.5 litres per
kg of DM consumed.

Mortality in calves is also considerably
decreased as increases in daily weight gain
are achieved, and the subsequent rearing
of weaned calves is greatly facilitated by
supplementation with legume forage,
oilseed cake and/or molasses/urea block.

RESEARCH ON
MILK PRODUCTION

In considering how livestock research can
most usefully support the economic devel-
opment of a specific region, it is important
to establish what type of organisation of
livestock production is likely to prevail in
the next 20 to 30 years. The research prob-

‘lems presented by the alternative milk pro-

duction systems are very different and it
makes little sense to embark on a specific
research programme unless a sound con-
cept is developed of what future produc-
tion patterns are likely to be. Itis likely that
traditional smallholder farming will con-
tinue to predominate in Africa, and that a
cooperative structure linking and provid-
ing services to these small farms will
emerge. Given these assumptions, it is use-
ful to consider what type of research into
increased milk production is likely to be
most cost effective and how it might best be

. organised.



In all African countries, calving patterns
show marked seasonal variations. Peak
calving periods are greatly influenced by
seasonal patterns of rainfall and annual
feed supplies. Milk supplies and, more im-
portantly, production costs show similar
seasonal variations. Do we accept this
situation, do we try to' modify it by sup-
plementary feeding and new forage crops
or do we produce milk only for that part of
the year when feed is plentiful, conserving
the seasonal surplus as milk powder and
butter for use during the season in which
feed supplies are scarce?

Milk can be produced cheaply by feeding
low-energy diets based on crop byprod-
‘ucts, supplemented with some leguminous
fodder, a little oilseed cake and urea,
preferably in a molasses block complex.
The optimal milk yield per cow depends on
its breed type, overall environmental stress
and the local market value of milk. The op-
timal feeding level and balance of feed
types in these various circumstances is
largely unexplored, and little is known
about the relationship between incremental
levels of feeding and incremental milk
yields. Data to indicate the optimal stock
density per unit of arable land are in-
adequate, as are data about the area of fod-
der crop needed for each milk cow in dif-
ferent cropping situations and on different
sizes of farm.

The much discussed question of the
degree of crossbreeding desirable is now
reasonably clear; animals with 50 to 75%
exotic blood usually outperform more
extreme crosses on a lifetime basis, but
how best to maintain this level of exotic

blood is unresolved. Should F; bulls be
used for each generation? Should a new
breed be fashioned by intense mating of
the crossbreds? Would crisscrossing be
practicable? And how do we ensure a
maintenance of draught capability? Gene-

tic interactions and maternal effects also
complicate the analysis of crossbreeding

data, as does the small size of the herds in
which field records are obtained. Within-
herd comparisons are rarely possible in
small herds, and using records across farms
involves many additional sources of varia-
tion. Results at ILCA show that individual
lactation milk records from small herds in
Africa, as in Asia, have a coefficient of
variation of about 30%. This high variability
makes progeny testing largely impractical.
It also complicates attempts to conduct
experiments within the herds of small
farmers.

In both Africa and Asia it is evident that
some farmers are much better than others,
that crossbred cows can perform better
than local stock if environmental con-
straints are reduced, that certain forms of
milk production have a much better suc-
cess record than others and that sales of
milk and milk products often provide the
main source of farm cash income, the ex-
pansion of which is critical to increasing
total farm output.

It is also evident that unattractive prices
and inappropriate policies frustrate pro-
duction increases in many circumstances.
Important as these policy issues are, the in-

' crease in food output so badly needed

depends greatly on the development and

adoption of new and simple technology. It
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also depends on the promotion of the orga-
nisational and entrepreneurial systems
needed to put better technology into
productive effect, and of building a
research structure appropriate to local
farming patterns. The Anand model of
dairy development provides an excellent
example of how effective smallholder milk
production can be in promoting economic
development.
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Small ruminant production — the present situation
and possible nutritional interventions

SUMMARY

N TROPICAL AFRICA, sheep and

goats are raised mainly by small farmers
under a low-cost system. The productivity
of small ruminants can be increased
through better health care and feeding, in-
volving simple modifications to the existing
farming systems rather than drastic
changes. The cost-effective interventions
discussed in this paper include inexpensive
prophylactic measures, the maximum use of
waste products from small-scale processing,
household wastes and crop residues, cut-
and-carry feeding and the provision of
water in pens, and reserving areas of bush
for dry-season grazing only.

INTRODUCTION

Jahnke (1982) estimated that there are
about 104 million sheep and 125 million
goats in tropical Africa, kept predominantly
within the small-farming sector. Itisonly in
highland regions that sheep outnumber
goats (Table 1). Throughout the continent
there are many different breeds, ranging

for improvement

L. REYNOLDS
Humid Zone Programme, ILCA,
P M B 5320, Ibadan, Nigeria

from small, trypanotolerant animals found
in the humid zone of West Africa to long-
legged, rangy animals found in most arid
regions. Day length in the tropics shows
little variation; females breed throughout
the year and variations in birth patterns
from month to month are related to the
plane of nutrition at the time of concep-

tion.
Mortality rates are usually high (25—

40% per annum) and young stock are par-
ticularly at risk in the first 3 months post
partum. Neonatal losses can be closely cor-
related with birth weight, which is itself a
reflection of maternal nutrition during the
last 2 months of gestation. The disease pat-
tern varies from area to area and from sea-
son to season. At all times, animals that are
undernourished are at high risk. Under-
nutrition also lengthens kidding/lambing
interval and decreases kidding/lambing
percentage and growth rates, which, to-
gether with survival rate, are components
of a productivity index:

2 dductiv “yindes :KPx365/KIxSx BW

Table 1. Ruminant livestoch population by species and ecologica zone in tropical Africa.

Ecological Cattle St p Cu-ts Livestock units
zone (x1%)

Arid 31.5 3721 48.3 41.7
Semi-arid 45.5 23.1 33.2 37.5
Subhumid 32.8 14.2 20.3 26.4
Humid 8.8 8.2 11.6 8.1
Highland 29.0 21.4 11.9 23.6
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where: KP = kidding/lambing percen-

tage/100

KI = kidding/lambing interval
(days)

S = survival rate to weaning,
expressed as a propor-
tion

BW = body weight at weaning.

Thus any strategy to increase the pro-

ductivity of small ruminants must look
closely at nutrition.

CURRENT SITUATION

Increases in food production in Africa are
falling behind population growth and food
shortages are becoming increasingly wide-
spread. Ruminants have a distinct advan-
tage over simple-stomached animals in
being able to convert organic material
unsuitable for human consumption into
products of high nutritional value, while at
the same time providing excellent fertilizer
from undigested residues. Furthermore, in
extensive farming systems, small rumi-
nants, particularly goats, are complemen-
tary to cattle. Goats have catholic tastes
and consume many more plant species than
cattle. By preference, goats are browsers
rather than grazers, while cattle are
primarily grazers. Provided that an area is
not overstocked, and in many areas of Af-
rica that condition is unlikely to be fulfil-
led, goats and cattle together allow a
higher carrying capacity than would be
possible with either species alone.

The myth of the destructive goat should
have been finally demolished by Staples et



al (1942), who described the comparative
effects of goats and cattle on fenced plots of
semi-arid wooded grassland in central Tan-
zania. After 4 years of the trial, consider-
able modifications had been effected to the
plots. Goats browsed all plants within
reach, but did not browse any plant down
to ground level, so that none were de-
stroyed. Little bark damage was caused to
trees, and young trees large enough to pro-
duce branches out of reach of the goats
continued to grow. Thus a good ground
cover was maintained at a stocking rate of
approximately 1.4 LU/ha/year. In con-
trast, cattle at a slightly higher stocking
density concentrated on the grasses and
eventually produced open thicket with
little ground cover. Carrying capacity was
reduced and erosion accelerated. Environ-
mental degradation was therefore more
likely from cattle than from goats. It is
realised, however, that when an area is
overstocked with goats, as with any other
livestock species, damage to vegetation
will occur.

In areas of extensive farming where the
soil is of low agricultural potential, animal
productivity is also low. There is little com-
petition for the land and extensive live-
stock systems are most appropriate to the
conditions. In such areas, despite the fall in
the nutritional value of maturing grasses,
small ruminants are frequently better
nourished than cattle because of their
preference for browse (Zeeman et al, 1983;
1984). In East Africa, many browse species
start to produce new growth before the
onset of rains. This contributes to a rising
plane of nutrition and is associated with a
peak in conception rates (Walker, 1980;
Reynolds, 1985). The flush of young grass
that accompanies the early rains, although
highly nutritious, does not result in the
expected increase in production. A concur-
rent rise in levels of both internal and ex-
ternal parasites also occurs (Adeoye,
1985).

Forage availability during the dry season
determines the overall carrying capacity of
the land. On more fertile land the per-
ceived needs of pastoralists and arable
farmers clash. Throughout Africa popu-
lation pressure is increasing; as a result
former grazing areas are being used for
arable farming, and the true pastoralist is
restricted to a decreasing area. Although it
may appear contradictory, this can be to
the advantage of the pastoralist. In a sym-

biotic relationship, pastoralists can graze
their animals on crop residues in the dry
season and the settled farmers benefit from
the deposited manure. Putt et al (1980)
demonstrated that this can result in an in-
crease in overall carrying capacity because
the crop residues can support more animals
than natural pasture during the critical dry
period.

In areas of higher soil fertility and crop-
ping intensity, local communities view
wandering animals with disfavour and may
demand that livestock be penned or
tethered. Most localities, however, have
areas unsuitable for cropping that can be
set aside for communal grazing, but over-
stocking will be a hazard. Traditionally,
livestock were herded by children, but with
the spread of primary education, and in
some places, compulsory school attendance,
this source of free labour is decreasing and
herders must be employed. One response
to these combined pressures is stall or pen
feeding, in which animals are not allowed
out.

A continuum of management systems
can be found between nomadic pastoralism
and stall feeding. Where do small rumi-
nants fit into these systems? In most parts
of Africa, they are merely adjuncts to the
farming system, although still important. It
is only under special situations in moderate
to high-rainfall areas, for example where
tsetse flies combined with government di-
rectives exclude cattle, that small rumi-
nants assume a dominant role. In such
situations, infrastructural development is
invariably poor. Farmers have difficulty
marketing their animals because roads and
transport to centres of population, and
hence consumers, are lacking. Prices paid
by itinerant buyers to farmers are low, and
profits accrue to middlemen rather than to
the farmers. At the other extreme, where
demand for land is intense, there may be
moves to exclude livestock completely.

SCOPE FOR
IMPROVEMENT

Small ruminants are raised under a low-
cost system, and farmers are less likely to
buy feedstuffs or provide veterinary care
for sheep and goats than for cattle. Inter-
ventions that call for expenditure are un-
likely to be adopted widely, while those
that are simple adaptations of existing sys-
tems could be more acceptable.
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Productivity can be increased by two
major routes with a degree of interdepen-
dency. The first involves improved health
care, which reduces mortality. ILCA
(1985) has shown that prophylactic health
measures in southwest Nigeria allowed
goat numbers to increase by 118% over a 2-
year period, compared with a24% increase
in control villages. However, increasing
flock size is a long-term recipe for disaster
if insufficient forage is available. Are more
animals needed or could higher productivity
be achieved through better nutrition and
health care while reducing the total popu-
lation? If a reduction in numbers is to
accompany health and nutrition interven-
tions, this necessitates increased offtake
and hence improved marketing arrange-
ments.

Veterinary inputs for small ruminants
are unlikely to be widely available in the
foreseeable future. Any health interven-
tion must be low-cost, and preferably
within the resources of the farmers them-
selves. Can the management system be
modified, bearing in mind the constraints
imposed by the farming system as a whole,

to limit the incidence of disease?
The second major route is through

improved feeding. The type of nutritional
intervention will depend on the overall
farming system employed and on environ-
mental conditions. Certain questions must
be asked whatever the farming system.
What can be found on the uncultivated
land? What is available from crop resi-
dues? Is the farmer aware of the nutritional
value of the potential feed resources? Will
using that material as animal feed fit into
the existing farming system? If not, what
changes will be necessary?

It can be argued that extensive systems
are the most difficult to assist given the
necessity of minimal-cost interventions.
The major feed resource in extensive sys-
tems is uncultivated browse and grasses.
Goats in particular are able to select the
most nutritious plants and parts of plants,
obtaining a reasonably balanced diet
throughout the year. Itis rare to see exten-
sively raised goats in poor condition unless
carrying capacity is exceeded. Farmers
may assist by lopping branches that would
otherwise be out of the reach of livestock
and by providing water to animals at night.
This latter intervention is particularly ben-
eficial to lactating females since 86% of
milk is water. Shortage of water inhibits
milk production (Little et al, 1976).



Bush improvement may be suitable for
selected areas within cattle ranches, but is
generally uneconomic for small farmers
raising smallstock. Communal agreement
to reserve an area for dry-season feeding
can however be beneficial and has been
successfully adopted in some areas. One
such example is in west Mzimba, Malawi
(Dwowela, 1980), where the reserved area
was improved with Stylosanthes guianensis
cv Cook.

A cost-effective approach is to check on
mineral nutrition. Tissue and feed samples
will show whether supplementation is
necessary; if so, they can easily be incorpo-
rated into salt licks.

Use must be made of whatever crop resi-
dues are available. Crop residues left in the
field will help to maintain soil structure
through the provision of organic matter. Is
it more beneficial to incorporate residues
into the soil or to return manure from live-
stock as a byproduct of crop-residue feed-
ing? The feeding value of a particular
residue will be related to the overall feed
situation. Where there is a shortage of for-
age, a residue of low nutritional value will
assume a greater importance than when
adequate feed is available. Under the latter
conditions, quality rather than quantity be-
comes the major factor.

As human population density rises, the
importance of crop-residue feeding in-
creases relative to uncultivated forage.
Livestock can have free access to arable
fields after harvest in addition to whatever
natural forage is available. Animals graz-
ing maize stover always waste part of the
feed by knocking it over. Contamination
with soil, urine and faeces occurs, and the
resultant mixture is unpalatable. A
bimodal rainfall pattern limits access to
first-season crop residues in situ because
cultivation for the second crop closely
follows the first harvest. Storage of first-
harvest maize is difficult in the absence of
drying facilities, so it is often picked green.
The remaining stems and leaves can be fed
to animals. Farmers can carry forage to the
animals each day during harvest, to feed in
the pen at night. Any wastes can be com-
posted to fertilize vegetable gardens or can
be returned to the fields. Access to fields
after the second harvest is less restricted
and labour is more readily available for col-
lection and transportation of residues to
animal pens. In many areas, maintenance
of soil fertility depends on the inclusion of

fallow periods in the farming system. Re-
growth during these periods can be made
available to animals. '

Alley farming - growing rows of
leguminous trees such as Leucaena
leucocephala and Gliricidia sepium with
food crops between the rows — provides
mulch and browse to the advantage of both
crops (Table 2; Attah-Krah et al, 1986) and
livestock (Table 3; Reynolds and Adeoye,
1985). The leguminous trees provide high-
quality, cut-and-carry feed for confined
animals. The trees are managed for
maximum forage availability in the dry sea-
son. In addition, mulch nitrogen helps to
maintain soil fertility (Kang et al, 1985)
and reduces the need for a fallow period, so
that a larger proportion of land can remain
under cultivation. The resultant crop resi-
dues are important feed resources during
the dry sea un.

Household and small-scale food process-
ing wastes such as maize bran and cassava
peels may also be available. Maximum use
must be made of these since they are
energy sources and complement the high-
protein browse. Less wastage of feed
occurs in cut-and-carry systems, but the
labour requirement is high.

In the Oume province of the Republic of
Benin, where animals are confined and
raised under a cut-and-carry system, for-
age is deliberately spread on the floor so
that much of it becomes unpalatable. Food
residues, mixed with urine and faeces, are
composted in situ and the resultant fertilizer
is highly valued. The animals are kept to
provide fertilizer, with meat as the by-
product of the system (Attah-Krah, per-
sonal communication).

Where there is only a limited amount of
supplements available, preferential feed-

Table 2. The effect of alley farming on the yield of maize cobs in southern Nigeria.

Maize yield (t/ha)

1984 1985
1983 = s =
Ist 2nd Ist 2nd
season season season season season
Continuous cropping 219 2i85 1.16 2.49 1.09
(control)
Continuous alley 2.54 3D 1.45 2.83 2.00
cropping (1.16) (1.47) (1.25) (1.14) (1.83)
Alley grazing/cropping - - 3.88 2.40
(1.56) (2.20)
Alley cropping/grazing 2.56 3.43 1.27 - =
(1.16) (1.35) (1.09)

Values in parentheses indicate yields as proportions of control yields.

Table 3. The effects of supplementary leucaena and gliricidia, with ad libitum Panicum maximum, on
the productivity of West African Dwarf sheep (means +S.E.).

Browse (g/day): 400 800
Parturition interval 226 241
(days) +13.5 +8.4 +8.9
Litter size 1.26 1.19 1.17
+0.087 +0.082 +0.078
Survival to 90 days 0.65 0.65 0.82
Birth weight (kg) 1.80 1.52 1.72
+0.069 +0.073 +0.067
Daily liveweight gain 64.4 73.4 83.8
to 90days (g) +2.98 +4.98 +3.69
Productivity index’ 8.67 10.15 13.46

' Productivity index = kg lamb weaned/dam/year.
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ing to animals in late pregnancy and lacta-
tion is advisable. This will ensure that ani-
mals under the greatest nutritional stress
will benefit. In intensive systems, the pro-
vision of extra rations prior to mating
(steaming-up) has been demonstrated to
increase litter size, particularly when
breeding females are in poor to moderate
body condition initially. Steaming-up
would be difficult to implement in exten-
sive systems with year-round breeding, but
it could be used where animals are con-
fined.

Within birth type classes there is a close
inverse relationship between birth weight
and mortality rate. Single offspring are
heavier at birth than twins, which in turn
are heavier than triplets. Neonatal deaths
among offspring from multiple births are
higher than among singles. Undernutrition
of the dam during the final 2 months of ges-
tation, when foetal growth is greatest, will
reduce birth weight. It is possible to select
for twin-bearing females in order to in-
crease the overall kidding percentage of
the flock, but unless adequate nutrition is
provided this may result in a higher mortal-
ity rate. Improvement of the genetic base
must therefore be accompanied by good
nutrition otherwise the additional poten-
tial, gained at such cost during selection
over a number of years, cannot be realised.

Selection for increased growth rates to
weaning is, in part at least, selection for

Adeoye S A O. 1985. Performance of West Afri-
can Dwarf goats raised in villages in the de-
rived savanna zone of southwest Nigeria.
ILCA Humid Zone Programme Internal
Document.

Attah-Krah A N, SumbergJ E and Reynolds L.
1986. Leguminous fodder trees in the farm-
ing system — An overview of research at the
Humid Zone Programme of ILCA in south-
western Nigeria. In: Proceedings of the
workshop on the potential of forage legumes
in farming systems of sub-Saharan Africa.
ILCA, Addis Ababa (in press).

Broster W H, Broster V J and Smith T. 1969.
Experiments on the nutrition of the dairy
heifer. VII. Effect of milk production on
level of feeding at two stages of lactation. J.
Agric. Sci. (Camb.) 72:229.

Dwowela B J. 1980. Pasture agronomy and im-
provement research. Ministry of Agricul-
ture and Natural Resources, Malawi.
Mimeo. 27 pp.

Hart I C, Bines J A, Balch C C and Cowie A T.
1975. Hormone and metabolic differences
between lactating beef and dairy cattle. Life
Sci. 16: 1285.

higher milk production from the dam. Milk
yield will depend on body condition, nutri-
ent intake and number of offspring being
suckled, as well as on genetic potential.
When the CP level in grasses is low and lig-
nin levels are high, as happens after flower-
ing, digestibility is low. At this stage the
provision of additional nitrogen, whether
from browse or from urea, will increase
rumen microbial growth rates and hence
digestibility. This in turn will be matched
by a higher feed intake because of faster
passage of food through the gastrointesti-
nal tract. Thus the nutrient intake of lactat-
ing females on poor-quality forage can be
greatly increased by providing browse.
Milk production from small ruminants
kept for meat has received little attention
in Africa, and it may be useful to extrapo-
late from cattle data. Differences in
response to supplementary feeding during
lactation have been noticed between beef
and dairy breeds. Incremental increases in
the feed intake of dairy cows have most ef-
fect on total lactation milk production dur-
ing the early lactation period, their effect
declining thereafter (Broster et al, 1969).
Hart et al (1975), in a matched-pair trial
with beef and dairy cows, showed that beef
cows gained weight but produced little
milk, while dairy cows on the same level of
feeding lost weight but had a high milk
yield. Supplementary feeding at any stage
of lactation to African small ruminants and
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“to zebu cows produces a response compar-

able to that observed in temperate beef
cattle. Genetic selection for high milk pro-
duction has increased the importance of
early lactation feeding, but in meat animals
the timing of supplementation during lac-
tation is less critical. Nevertheless, milk
production is important, ensuring as it does
a high pre-weaning growth rate. Zebu cows
are sometimes expected to provide milk for
humans as well as for the calf, often to the
detriment of calf growth. Lambs and kids
are less likely to be affected, since human
consumption of sheep and goat milk is less
widespread.

CONCLUSION

Small ruminant production by small farm-
ers is at present a low-cost enterprise.
Development agencies must take this fun-
damental point into account and look first
for modifications of the existing farming
systems before proposing drastic changes.
Low-cost interventions might include pro-
vision of water in pens, maximum use of
residues from small-scale food processing,
household wastes and crop residues, and
the reservation of areas of bush for dry-
season use. The use of leguminous trees for
browse should be considered.
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SUMMARY

LCA HAS USED a systems approach to

research since the Centre was established.
This strategy was adopted because of the
original belief that technical answers were
available for many of the problems limiting
Africa’s livestock development, but that not
enough was known about the functioning of
the production systems and how to introduce
change in them. A better understanding of
the systems and adaptive research were
necessary to identify relevant improve-
ments.

The objectives of ILCA’s systems research
are to diagnose constraints to increased ani-
mal production, to develop prototype tech-
nologies under farm conditions, to develop
research methodologies, to monitor tech-
nology adoption and to help develop the
systems research capacities of national in-
stitutions in Africa.

This paper summarises ILCA'’s strategy
in and experiences with systems research. It
discusses the findings and progress to date
of the Centre’s programmes on smallholder
farming in the Ethiopian highlands and on
smallholder farming and agropastoralism in
the humid and subhumid zones of Nigeria.
Experiences in the pastoral systems of eastern
Africa (Ethiopia and Kenya) and western
Africa (Mali and Niger) are also discussed.

Field experiences have shown that little
modern technology was available that had
substantial advantages over traditional
methods, given the economic and ecological
conditions facing producers. As a resullt,
ILCA has recently placed more emphasis
on component research on such topics as
forage legume agronomy and animal nutri-
tion in order to generate new technology.

ILCA will continue with systems research
through field programmes undertaking ap-

plied and adaptive research, supported by
component research by HQ units. The
Centre will also continue to give high prior-
ity to training national programmes in tech-
niques appropriate to livestock production
research in sub-Saharan Africa.

INTRODUCTION

The International Livestock Centre for
Africa (ILCA) was established in 1974 to:

e Serve as a multidisciplinary institu-
tion for research to improve live-
stock production systems in sub-
Saharan Africa;

e Provide training to increase regional
competence in the systems approach
to livestock research and develop-
ment; and

e Act as a multidisciplinary documen-
tation centre.

Livestock improvement at ILCA is only
a means to an end: the Centre’s overall ob-
jective is to increase food production in
sub-Saharan Africa by maximising the con-
tribution of livestock and through better in-
tegration of crop and livestock production.

The Centre has used a systems approach
to research since it was established. This
strategy originated from ILCA’s Founda-
tion Report, which stated that “technical
answers are available to many of the specific
problems facing livestock development in
Africa. The major constraint lies rather in
the difficulty of introducing change into
existing socio-economic systems, com-
bined with inexperience in adapting tech-
nologies to suit local conditions” (Tribe et
al, 1973). The approach was reinforced by
the experiences in development projects,
which showed that Western technology and
the results of classical on-station research,
whether in Africa or elsewhere, could not
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be transferred directly to African tradi-
tional systems. A better understanding of
these systems and adaptive research were
necessary to identify relevant improve-
ments.

ILCA’s research programme is character-
ised by decentralised field research teams
in the major ecological zones of the subcon-
tinent, supported and complemented by
central component research units (Table 1).

Networks provide a bridging mechanism

between ILCA and national research pro-
grammes. Networks have been established
on trypanotolerance, animal nutrition, for-
age legume agronomy, small ruminants
and camels, livestock policy, animal pro-
ductivity and information.

OBJECTIVES AND
STRATEGY

The objectives of ILCA’s systems research
are to:

e Diagnose constraints to increased
animal production;

® Develop prototype
under farm conditions; .

® Develop research methodologies;

® Monitor technology adoption; and

® Help develop the systems research
capacities of national institutions.

In pursuing these objectives, ILCA has:
® Operated field teams in sub-Saharan
Africa which test the systems ap-
proach and develop and evaluate
specific techniques;

e Provided direct support to national
research institutes in systems re-
search;

® Developed and tested methods for
rapid appraisal of pastoral and small-
holder systems and of the effects of
interventions;

technologies



Table 1. ILCA'’s research programmes.

Component research

Field' ogrammes

units (loca. on)
Headquarters (HQ) East Africa
Animal Nutrition Highlands (HQ)

Reproductive Physiology
Small Ruminants and Camel
Forage Legume Agronomy
Pastoral Ecology

Livestock Economics

Nairobi

Livestock Productivity
and Trypanotolerance

Ethiopian Rangelands (HQ)
Kenya Rangelands (Nairobi)

West Africa

Humid Zone (Ibadan, Nigeria)
Subhumid Zone (Kaduna, Nigeria)
Arid and Semi-arid Zones
(Bamako, Mali; and Niamey, Niger)

e Begun to prepare manuals on live-
stock systems research for national
programmes; and

e Participated in training courses in
farming systems research by provid-
ing a “livestock slot” in training
courses organised by other organisa-
tions, and by organising courses on
livestock systems research.

APPROACH

The historical context of
ILCA’s research

The assumption that solutions were known
to many problems in African livestock pro-
duction led to ILCA placing emphasis on
zonal field programmes, as opposed to re-
search at headquarters. Because of large
differences in production systems among
the ecological zones, it was believed that it
would be difficult to transfer results be-
tween zones, making the decentralised ap-
proach necessary.

The field teams shared common assump-
tions about the base of knowledge at the
outset of research, and about research
methods. Among those assumptions was
the need for emphasis on multidisciplinary
systems research rather than component
research. Much of ILCA’s original work
was published under the rubric of “Systems
Studies”.

There was also emphasis on on-farm, as
opposed to on-station, research. This was
due partly to the assumption that technical
answers were available, and partly to the
assumption that, where there were no tech-
nical answers, on-farm research was neces-
sary to identify priorities for on-station
research.

There was also an emphasis on the devel-
opment of research methodologies. It was
argued that livestock research was differ-
ent from crop research. On-farm research
with livestock has been said to be more
complicated than with crops, because of
the smaller number of animals per farm,
multiple products, the lower degree of con-
trol due to the mobility of the animals, the
daily rather than seasonal inputs required
for animals, the greater influence of indi-
vidual management factors, the extended
time periods needed for experiments and
the difficulties in achieving statistical sig-
nificance with small samples (Bernsten,

1982).

Principal types of animal
production systems

The principal types of livestock production
systems in sub-Saharan Africa are pas-
toral, agropastoral, smallholder and ranch-
ing.

Pastoral systems involve extensive graz-
ing, little agriculture and usually some
degree of nomadism. Smallholder systems
involve restricted grazing, exploit crop—
livestock interactions (such as feeding crop
residues to the animals) and incorporate
livestock as a subsidiary enterprise to crop-
ping. Agropastoral systems are a transition
between the pastoral and smallholder sys-
tems. Ranching is of little importance in
most of sub-Saharan Africa.

Pastoral systems are more difficult to
study than are smallholder systems due to:

e The greater mobility of the animals,
the larger area exploited, communal
land tenure and, in some cases, the
lack of a fixed land base;
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e The difficulty of identification of and
access to production units, which are
often widely separated;

e The longer cycles of drought and
post-drought recovery;

e The lack of well developed databases
for pastoral systems, including rele-
vant on-station research; and

e Higher research costs per sample
unit in low population density areas
typical of pastoral systems.

Smallholder farming systems have higher
population densities, higher production
potentials and more diverse technological
alternatives for change than pastoral sys-
tems. One problem with attempts to intro-
duce new technologies is that there arc
many complementarities between crop and
livestock enterprises. Therefore, evalua-
tion of a new livestock technology should
be done on a whole-farm basis.

Stages in ILCA'’s systems

research

The diagnostic stage: Typically, this has
included a baseline survey taking 3 to 6
months and longer term surveys (3 to 4
years) to describe existing systems. Re-
searchers use farm-management and live-
stock productivity surveys and household
studies. Recently, aerial surveys and satel-
lite imagery have been used effectively in
support of these activities. This stage de-
fines the ecological, technical, economic
and social context in which improvements
are to be made, and identifies constraints
to those improvements. It is not analogous
to the surveys that define recommendation
domains (Byerlee et al, 1980) because
those domains were (very broadly) defined
in the choice of ecological zone.

Fhe design stage: This stage involves design
of potential improvements. Their likely
impact on the environment and on welfare
is sometimes assessed through simulation
and cost-benefit models. Research on the
different components of the systems is then
carried out at sites representative of the
target area for improvement, taking into
account other features of the system.

The testing stage: The potential improve-
ments are tested in producer-managed
trials. The methods for organising on-farm
trials with livestock are not yet well de-
fined, and various alternatives have been
explored. The approach has varied accord-
ing to whether smallholders or pastoralists
have been the target population.



The extension stage: Technologies that are
successful in the testing stage are made
available to national extension services,
whose participation is sought in all stages
of FSR. Adoption is closely monitored to
enable redesign and retesting if needed.

- SUMMARY OFILCA’s
EXPERIENCES

Smallholder farming in
the Ethiopian highlands

The objective of the Highlands Programme
is to improve smallholder systems by in-
creasing the efficiency of their livestock
components. Particular emphasis is placed
on the interactions between livestock and
crop enterprises. Research is carried out in
two highland areas, representative of the
medium (Debre Zeit, 1800 m a.s.l.) and
high altitude (Debre Berhan, 2800 m a.s.1.)
zones of Ethiopia. The two are sufficiently
different to require separate efforts.

The Programme first conducted rapid
baseline studies at each location, to iden-
tify the major constraints limiting small-
holder productivity. These are:

® Low soil fertility and high rates of
erosion on slopes;

® Shortages of wood, resulting in ma-
nure being used as fuel rather than as
fertilizer;

® Dry-season feed shortages, causing
production losses in livestock;

® Variation in work oxen ownership,
causing differences in areas culti-
vated, cropping patterns and in-
come;

® Poor drainage of fertile bottom
lands, limiting production of grain
and crop byproducts;

¢ High mortality of young stock due to
liver fluke and other parasitic dis-
eases; and

e Marketing constraints for livestock
products.

Station research has focused on soil fer-
tility, forage production, draught animal
utilisation and vertisol management.

The urgent need to increase productivity
compelled the Programme to reduce the
station-testing period for some technol-
ogies and to use farmers as test agents
as early as possible. For example, the
single-ox plough was offered to test farm-
ers after less than 6 months of on-station
testing.

It was recognised that local agriculture
should be continuously monitored. There-
fore, ILCA started ongoing studies with
control farmers in the area surrounding
each station at the same time as the on-
station research was being started. This
provided time-series data on the dynamics
of the agricultural systems and baseline in-
formation against which the impact of in-
novations could be evaluated.

At Debre Zeit, on-farm testing began
soon after the establishment of the re-
search station, with 18 farmers trying a
dairy-husbandry package. The 18 farmers
adopted the package at their own risk and
expense and decided whether or not to ac-
cept ILCA’s recommendations. Extension
inputs were provided by ILCA for the first
two-and-a-half years and then gradually re-
duced to correspond to conditions that
would normally apply in a development
setting (Gryseels and Anderson, 1983).
The performance of the test farmers was
monitored and compared with that of farm-
ers who did not adopt the package. The
package substantially increased the farm-
ers’ cash incomes, but other constraints
to adoption became apparent, including
poor marketing facilities, high calf mortal-
ity, seasonal labour shortages and problems
with breeding management and forage crop
cultivation. These are now being addressed

in component research.
The Programme monitors the impact of

innovations on test farms and the voluntary
spread of these innovations through the
target farming communities. The Pro-
gramme’s strategy has been to have as
many test farmers as practicable at an early
stage in on-farm testing so as to be able to
quantify the whole-farm impacts of innova-
tions. The results of the monitoring indicate
any constraints to the adoption of innova-
tions. Different groups of test farmers are
used for different innovations, partly be-
cause they represent different recommen-
dation domains and partly because of the
difficulties in interpreting results if more
than one innovation is tested by one farmer
at any time. On-farm testing is in progress
for the use of single oxen for cultivation in-
stead of the conventional pair, the use of
crossbred cows as draught animals, vertisol
management through the use of broadbeds
and furrows made using oxen-drawn im-
plements, and water harvesting in small
ponds and dams constructed using oxen.
The Programme collaborates closely
with the Ethiopian Ministry of Agriculture
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in on-farm testing to facilitate the introduc-
tion of new technologies in both the study
areas and other similar ones. On-farm
trials have identified additional constraints
to production which, according to their im-
portance and “researchability”, are now
being examined in applied on-station re-
search. In some cases this has necessitated
more sophisticated research than was orig-
inally anticipated.

Smallholder farming in
the humid zone

The Humid Zone Programme is based at
Ibadan, Nigeria. Its client production sys-
tem is the mixed farming of the forest, in
which small ruminant production is im-
portant. Major characteristics of the zone
are tree crops, a high incidence of trypano-
somiasis, mixed cropping and crop rota-
tions incorporating fallows to restore soil
fertility.

The Programme’s initial diagnostic
work, which began in 1979/80, focused on
studies of village flocks, and indicated that
PPR (peste des petits ruminants) was the
major constraint to increased sheep and
goat productivity. Vaccination of suscep-
tible animals reduced adult goat mortality
by an average of 50%. Further studies
showed that, if PPR was controlled, flock
sizes could double in 27 months, indicating
that feed supplies would have to be
increased to feed the larger number of ani-
mals.

The Programme then turned its atten-
tion to providing more feed through alley
farming with leguminous trees, a system
developed by the International Institute of
Tropical Agriculture (IITA). The basic
alley farming system was tested in a limited
series of on-farm trials to identify neces-
sary modifications to the system, since the
IITA trials had not included a livestock
component. On-station research was started
in 1982 to modify the system to meet the
needs of the farmers.

Current and future work in the humid
zone has the following stages:

¢ Health and productivity monitoring
of flocks;

e PPR campaign design and evalua-
tion;

e Alley-farming trials on station, espe-
cially to evaluate different legume-
tree species;

e Monitoring of alley farms, especially
land tenure problems;



e Economic analysis of alley farming;
and

® Alley farming networks in similar
parts of West Africa to investigate
the system’s potential over wider
areas.

After 6 years of research, the Pro-
gramme initiated and assisted in the
implementation of a small-ruminant de-
velopment project in cooperation with
the National Livestock Projects Unit
(NLPU) of the Federal Livestock Depart-
ment of Nigeria. This project involved
60 farmers in 1985, and is based on a devel-
opment programme that includes the re-
sults of ILCA’s research on animal health
and feeding.

Agropastoralism in
the subhumid zone

ILCA’s Subhumid Zone Programme is
based in Kaduna, Nigeria. The zone re-
ceives 1000-1500 mm average annual rain-
fall and has relatively good potential for
crop and livestock pfoduction. Tsetse pres-
sure has been high, but is decreasing as
human population density, and hence cul-
tivation. intensity, increases. This has al-
lowed higher livestock populations in the
zone (Bourn, 1983).

The Programme’s research began in
1979 with the assumption that nutrition
was the primary constraint to increased
livestock production and, as a corollary,
that purchased feedstuffs would be too ex-
pensive or unavailable, so that increased
forage production would have to be the
main solution to the nutrition problem.
Various interventions have been evaluated,
including fodder banks with Stylosanthes
species and intercropping food crops with
forage legumes.

An animal nutrition research pro-
gramme was established in close collabora-
tion with the National Animal Production
Research Institute (NAPRI) of Nigeria.
First, on-station trials were conducted to
determine animal feed requirements. Sub-
sequently, researcher-managed on-farm
trials were conducted to determine the best
crops for meeting the feed requirements.
Farmer-managed trials were then done
with the collaboration of the NLPU in a
smallholder dairy scheme.

The case of animal health illustrates how
the work of other disciplines was related to
the central hypothesis — inadequate nutri-
tion. One of the proposed technologies for

relieving nutritional stress is the use of fod-
der banks, in which herders grow legume
forage crops for 4 to 5 years on the same
site. It was reasoned that this system might
be improved by including more productive
animals, such as crossbred dairy cattle.
Because those animals are more suscep-
tible to disease than are the local breeds,
research was begun to investigate disease
problems. This involved incorporating
crossbreds into herds and comparing their
performance with that of local breeds.
Much of the Programme’s current work
is in evaluating the economics of the pro-
posed animal nutrition interventions.
Computer simulations are used to test the
sensitivity of the profitability of fodder
banks or intercropping to changes in meat
and milk prices, herd structures and invest-
ment costs. This provides feedback into
further station research and into on-farm
trials with the proposed technologies.

Systems research in pastoral
areas of eastern Africa

By the 1970s it was widely realised that de-
velopment projects aimed at pastoral sys-
tems in much of sub-Saharan Africa were
not achieving their objectives. It was
assumed that this was largely due to poor
design, ensuing from inadequate under-
standing of pastoral systems. It was ex-
pected that increased knowledge of pas-
toral systems would identify constraints
and allow effective interventions to be de-
designed. ILCA therefore started a series
of interdisciplinary baseline studies in
Ethiopia and Kenya.

Kenya

The main objective of the Kenya Range-
lands Programme was to make an in-depth
study of one specific traditional livestock
system, which would consider the compo-
nents of the system and the internal links
within the system. The focus of the work
was to make a detailed examination of the
causal relationships between the various
components or parameters of the system
leading to the establishment of a methodol-
ogy for systems studies, rather than to
describe the system and determine con-
straints.

A wealth-stratified random sample of
households in a relatively small area
(1600 km?) was chosen for the descriptive

‘phase. While the household was the sampl-

ing unit, considerable attention was paid to
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intra-household and inter-household
parameters affecting production. The intra-
household focus yielded information on
the division of resources and responsibilities
within the family. The inter-household
focus yielded understanding of control and
maintenance of water and grazing, joint
arrangements in livestock care etc. Two
years’ data were collected on such eco-
nomic aspects as changes in livestock hold-
ings, income, expenditure and labour and
such technical parameters as primary and
secondary production, milk offtake and
seasonal weight changes in livestock. Aerial
surveys were also used to estimate domes-
tic and wildlife biomass and their move-
ments. The Kenyan Ministry of Livestock
Development cooperated in the veterinary
studies of the descriptive phase.

Ethiopia

The Ethiopian Rangelands Programme
(ERP) was set up in conjunction with the
government’s Rangeland Development
Project (RDP). The ERP’s objective was to
investigate technical options for increasing
the productivity of range systems in Ethiopia
and associated African areas. The RDP
had previously identified poor distribution
of water points as a major constraint and
had established a number of rainfed ponds
in the preceding 4 years. RDP had also
initiated measures for disease control, vac-
cination and cooperative cattle fattening
systems. ILCA’s research thrust was to
acquire more data on specific production
constraints and on the impact of the RDP’s
interventions.

The Ethiopian Rangelands Programme’s
descriptive phase differed significantly
from that of the Kenyan Programme in two
ways. It covered a larger area (16 000 km?)
and the research was designed and execu-
ted in closer collaboration with a govern-
ment agency. In addition, satellite imagery
was used to define ecological subunits in
the area, in which aerial surveys were car-
ried out. Research focused on communities
which used the same dry-season water
points within each ecological subunit.
Later, household budget and livestock pro-
ductivity studies were carried out on each
household and/or herd.

The Programme focused its diagnostic
studies in 11 widely distributed parts of the
study area. The aspects studied included
milk supply and calf growth, rangeland
utilisation, management strategies, house-



hold budgets and marketing. Particular

attention has been paid to the effects of
watering frequency on animal productivity,

to the effect of low weaning weights on-

herd productivity, to the possibilities of im-
proving incipient agriculture and to inter-
planting cereals with forage legumes. Bush
control and use of animal traction for pond
maintenance, and the possibilities of in-
creasing milk offtake for human consump-
tion without reducing calf growth are also
being studied.

The arid and semi-arid zones
of West Africa

The arid and semi-arid zones have several
characteristics that differentiate them from

other mandate areas. They differ from the .

adjacent humid and subhumid zones in
having a shorter growing season, lower

human population densities, more rumi-
nant stock per caput, lower soil fertility and
less diverse cropping patterns. As a result,
dry-matter yields are low, dry-season nu-
tritional stress is severe, crop and animal
production are risky and pastoralism is the
dominant mode of land use. The zones dif-
fer from the eastern African pastoral sys-
tems because of the greater importance of
cropping, transhumance and trade.
Research in these zones began with diag-
nostic studies of herd and farm management
to determine constraints. Like pastoral sys-
tems research in eastern Africa, much of the
work was based on the assumption that in-
sufficient information was available about
pastoral systems and the cropping systems
associated with them. Various types of
studies were undertaken including on-station
research on draught animal nutrition, house-
hold budget studies, pasture studies, herd
and flock management research and aerial
surveys. Systems in the zone were broadly
described as cultivation systems based on
annual crop production by settled farmers,
and transhumant systems based on pastoral
production by semi-sedentary herders, with
varying degrees of annual crop production.
The diagnostic phase showed that the
principal constraints to animal production
were poor nutrition, especially in the dry
season, and poor herd and pasture man-
agement. Poor nutrition reduced the work
capacity of draught animals at the begin-
ning of the cultivation season, and affected
meat and milk animals by increasing calf
mortality, extending calving intervals and

reducing weaning weights. Herd and pas-
ture management were shown to affect the
quantity of forage available and, ultimately,
animal production.

Separate solutions to the nutrition prob-
lem were developed for the cultivation and
transhumant systems. For the former,
crops were identified that fit into the culti-
vation system, such as cowpea and forage
legumes. For the transhumant and semi-
sedentary systems, in which large stock
(cattle and camels) are an important com-

ponent, pasture management techniques’

that can increase primary productivity
were identified. Flock-management tech-
niques that increase secondary productiv-
ity without changes in primary productivity
were also identified.

Studies on draught animal feeding at
Niono in central Mali showed that better
fed animals could plough larger areas earlier
in the season. The nutritional improve-
ment could be achieved by feeding legume
hays, especially cowpea, and cottonseed
cake, both of which are produced locally.
Studies of flock management showed that
changes in veterinary and breeding practices
could increase small-ruminant production.

The role of modelling

Quantitative models are used principally
for economic evaluation of technologies.
The models have been used in two ways: to
assess the profitability of interventions and
to assess constraints in a system, thus indi-
cating technical solutions.

The best example of the first use is a
simulation model of supplementary feed-
ing to a dairy cattle herd. This model, first
developed at Texas A&M University, and
modified by ILCA using data from Bot-
swana, is being adapted for use in Mali and
Nigeria. Other examples are component
evaluation of fodder banks in the Sub-
humid Zone Programme at Kaduna and of
alley farming in the Humid Zone Pro-
gramme at Ibadan. This work uses station
and farm data but is less comprehensive
than herd simulation in that it evaluates
only components, not the whole system. It
is also less demanding in programming
capacity and is better suited as a training
instrument.

Examples of the second type of model
include linear programming work in the
Highlands Programme, where the data-
base from on-station trials and from
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farmers’ fields at two sites is well estab-
lished. This work fits into the category
of whole-farm evaluation as a guide to
component research. Another example is
the use of primary production simulations
to examine the aggregate pastoral produc-
tion potential of large areas. This work is
done for much larger physical areas than
the models mentioned above and is pri-
marily concerned with definition of pro-
duction possibilities for given ecologies,
rather than technology evaluation. This is
being done in Botswana and in Mali. The
Ethiopian Rangelands Programme has
also used simple simulation models to
study the impact of calf growth on herd
productivity.

Models are being developed to simulate
aspects of pastoral systems and to test
farming components in areas with higher
population densities where annual crop-
ping dominates. Some mix of these types of
model may soon be applied to data from
the Kenya Rangelands Programme, where
the descriptive phase of research has been
completed, and where a substantial amount
of field data exists.

Cost-benefit studies

Some cost-benefit analysis of ILCA’s inter-

. ventions has been done. Work in the

Ethiopian highlands has shown smallholder
dairy enterprises based on crossbred cows
to be highly profitable (Gryseels and An-
derson, 1983). Partial budgeting has shown
a small ruminant health package and sup-
plementary feeding with leucaena foliage
to be profitable under some circumstances
in the humid zone (Sumberg et al, 1985).
Partial budgeting has also shown fodder
banks to be profitable in the subhumid
zone (von Kaufmann, 1984). Similar exer-
cises in the Ethiopian rangelands have
shown promising results for calf sup-
plementation. Some cost-benefit work has
been done by ILCA in Mali and in Malawi
on cattle fattening programmes. While this
latter example is not directly linked to an
ILCA field programme, it is an example of
this technique being used in collaboration
with a national programme.

EVALUATION
Fulfillment of objectives

To diagnose constraints to animal produc-
tion: This objective has been fulfilled in
each of the major production systems.



The initial baseline surveys identified
the general factors listed below as the prin-
cipal constraints on animal production in
the various zones:

Pastoral systems: Low dry-season feed
quality, inadequate water supplies,
and competition between people
and calves for limited milk supplies.

Humid and subhumid zones: Animal
diseases, poor feed quality and low
soil fertility.

Ethiopian highlands: Availability of
animal draught power; high mortal-
ity of young stock; liver fluke in
sheep; inefficient water conserva-
tion and utilisation; inadequate
supplies of protein supplements.

Although these constraints are of a gen-

eral nature, the baseline surveys enabled
them to be quantified and ranked in order
of importance in each system, and allowed
relevant research strategies to be defined.
A crucial product of this process is the
specification of desired technology charac-
teristics.
To develop prototype technologies under
farm conditions: No notable successes in
development of new technology have been
achieved in pastoral systems, but this has
been due primarily to the emphasis in these
systems on description rather than on de-
velopment of interventions. In the small-
holder systems, promising beginnings have
been made in single-ox traction, fodder
banks and alley farming with small rumi-
nants, but these technologies have yet to be
widely adopted.

To develop research methodologies: ILCA
has developed techniques, or adapted

them from other areas, for surveys, field

research, on-farm research and monitoring
with a reasonable degree of success. Tech-
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niques specific to pastoral systems, such as
wide-scale aerial surveys, have proved use-
ful. The Centre has been less successful
with analytic techniques in FSR and with
on-farm experimentation.

To monitor technology adoption: Substan-
tial progress has been made in monitoring
the adoption of ILCA-developed tech-
nologies in the Ethiopian highlands, and
in the Humid and Subhumid Zones Pro-
grammes. Only minor interventions have
been developed for pastoral systems, pre-
cluding monitoring of adoption. However,
the pastoral systems programmes have had
some success in monitoring ecological
changes.

" To help build the capacities of national in-

stitutions: In systems research ILCA has
been successful in this objective, as shown
by its close collaboration with national pro-
grammes in Nigeria, Mali, Kenya and Ethi-
opia. Institution building has been success-
ful with smallholder systems, but less so
with pastoral systems, because of the prac-
tical difficulties noted earlier in working
with the latter and because of the relative
weakness of national programmes in pas-
toral systems research. ILCA has also had
effective collaboration in FSR-related work
with national programmes in some countries
in which it does not have resident scientists
(Malawi, Zimbabwe and Rwanda).

SUMMARY AND
OUTLOOK

Research at ILCA has broadly followed a
multidisciplinary systems approach. When
ILCA was founded it was generally be-
lieved that sufficient “modern” technology
was available to improve traditional live-
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stock systems, but that not enough was
known about the socio-economic environ-
ment in which livestock producers oper-
ated. ILCA therefore established field
teams in the various ecological zones of
sub-Saharan Africa with a heavy socio-
economic emphasis, in order to study the
major animal production systems and the
interactions among their socio-economic
and environmental components. Emphasis
was given initially to detailed baseline
studies and the transfer of existing tech-
nologies.

ILCA’s experiences have shown that
little “modern” technology was available
that gave substantial advantages over tra-
ditional methods, given the economic and
ecological conditions facing producers. As
a result, the Centre has recently given
more emphasis to component research,
such as forage legume agronomy and ani-
mal nutrition, to generate new technology.
The prime concern in this work is how
changes in plant and animal nutrition and
physiology influence the productivity of
the livestock component and of the farm-
ing system as a whole.

ILCA continues to give a high priority to
its task of strengthening national institutes.

In that role, it sees its comparative advan-
tage as being in such areas as germplasm
collection, data analysis, documentation
and information, survey techniques, train-
ing and network development. The Centre
sees its future role in systems research as
continuing to have its own field teams in
order to undertake original research, to
test technology components developed by
headquarters units and to organise training
for national programmes in techniques ap-
propriate to livestock production research
in sub-Saharan Africa.
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LIST OF ABBREVIATIONS

artificial insemination

above sea level

crude protein

dry matter

Ethiopian Rangelands Programme
farming systems research

hectare

indigestible acid detergent fibre
International Institute of Tropical
Agriculture, Nigeria
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1 litre
LU livestock unit (250 kg LW)
ml millilitre

NAPRI National Animal Production Research
Institute, Nigeria

NLPU National Livestock Project Unit, Nigeria

PPR  peste des petits ruminants

RDP  Rangeland Development Project, Ethiopia








